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PREFACE 

The pages which have been revised in this edition concern the 

following subjects: Chains, Chain Slings, and Crane Hooks; 

Manila and Wire Ro])es; Screw Threads; Pipes and Pij>o Joints; 

Steam Tables; and Locomotives. Small changes and corrections 

have been made on other pages. Acknowledgments are made in 

the text, but the editor wishes to thank Messrs. Stewarts & Lloyds 

Ltd. and Messrs. E. Baylie & Co. Ltd. for so readily supplying 

information, and the British Standards Institulion for j)ermitting 

extracts to bo made from specifications, 
B. B. LOW. 

September 1947, 

EXTRACT FROM PREFACE 
TO NEW EDITION REVISED 1943 

The Equivalent Temperatures on the Fahrenheit and Centigrade 

Scales (pp. 641-643) now cover a wider range, and the notes on the 

Practical Measurement of Temperature (pp. 544-646) have been 

extended. The information on p. 694, in the Boiler section, 

replaces older matter, and the section on Compressed Air 

(pp. 712-719) has been revised. 

February 1943. 
B. B. LOW. 



EXTRACT FROM PREFACE 
TO NEW EDITION REVISED 1942 

In addition to some corrections, the chief alterations in this 
edition concern Weights and Measures. All the tables from p. 1 
to p. 32 and some of the values on p. 342 have been entirely 
recalculated, using the most accurately known factors. 

The editor wishes to thank the Director of the National Physical 
Laboratory and the Controller of the Standards Department of 
the Board of Trade for the considerable information they have 
given and for their kindness in answering a number of questions. 

Information has also been obtained from The, Units and 
Standards of Measurement Employed at the National Physical 
Laboratory (H.M. Stationery Office, 1929) and from Measurement 
of Oil in Bulk, Part /, Standard Weights and Measures (Institute 
of Petroleum, 1932). 

In conclusion, thanks are due to C. J. Tranter, M.A.{Oxon.), for 
valuable assistance with the calculations. 

B. B. LOW. 
December 1941. 

EXTRACT FROM 
PREFACE TO THE NEW (1938) EDITION 

The main additions and alterations in this edition occupy about 
240 pages. 

Acknowledgments,—To individuals, institutions, and finns 
mentioned in the text, for information and assistance; British 
Standards Institution for extracts from specffioations; Committee 
of Lloyd’s Register of Shipping for extracts from rules relating to 
engines and boilers for vessels; Controller of H.M, Stationery 
Office for extracts from Board of Trade Instructions as to the 
Survey of Passenger Steamships, vol. i.—Text, and from 
Magnesium and its Alloys, 

B. B. LOW. 
October 1938. 



PKEFACE TO THE FIRST EDITION 

The preparation of tliis work lias occupied the whole of the 

author’s spare time during the past live years ; and he has also 

had the services of several assistants in the calculation of 

tables, and in the preparation of the illustrations, which are 

unusually numerous for a work of this kind. 

Many of the tobies to be found in i)Ocket-books and works 
of reference for engineers liave lieen published for so many 
years that they may be regarded as ])ublic property, and the 
author might therefore have compiled a considerable portion 
of this work by the simple use of scissors and paste, but he 
had a susjiicion that tliis had been done so often before that 
errors had found their way into tables which no one thought 
of verifying. He theiefore decided to have all the older 
tables very carefully checked. Some of the tobies were 
checked by simply comparing those given by the best autho¬ 
rities, English, American, and (lerman, and wlierever there 
was any difference the correct values w^ere obtained by careful 
calculation. It would a^onish many to learn how many 
errors there are in the tables in books which have been 
relied on for many years. Many of the tables have been 
calculated throughout and then com])ared with those of 
standard authorities. 

Where tlie tables are new or have not before been published, 
and there are many sucli in t-his work, they have been calcu¬ 
lated throughout at least twice, and generally by two different 
individuals, and the results compared, and wherever there 
was a difference fresh calculations were made until there was 
perfect agreement, 



X PREFACE 

In nearly every case the formula used in calculating any 

table is given, and also the values of any constants which are 

used in it, 

it will be found that a s]>ecial feature of this pocket-b^ ' 

whicli distinguishes it from other pocket-books is the large 

space devoted to the proportions of macliines and machine 

details, and in this section numerous rules and tables are 

given, which it is hoped may be of service to draughtsmen 

and students. 

Tt is obvious that in a work of this kind use must be made 

of the ex])erience of many men, and in this matter the author 

would record his great indebtedness to the numerous engineer¬ 

ing journals, and the transactions of the principal engineering 

societies at liome and abroad. 

Great attention has been given by the Author, Printers, 

and Publishers to the arrangement of the matter and to the 

Relection of ty])e and pa})er; in fact, neither pains nor expense 

lias been spared to make the book reliable, useful, aud attrac¬ 

tive to those engaged in nieclianii'al engineering. 

In conclusion, wliere there are so many tables, formulse, 

and rules, the author can scarcely hope that ^here are no 

errors, notwithstanding tlie labour and care whibli have been 

bestowed on them, and the author will he grateful if those 

using this w^ork will kindly inform him of any mistakes 

which they may discover. 

D. A. LOW. 

London, January 1898. 
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LOW’S 

ECHANICAJi ENGINEER’S POCKET-BOOK 

BRITISH ERASURES. 

Linear Measure. 

Inches. Feet. 1 Yards, j Poles, j Furlongs. Mile 

1 •08333.. •02777.. ' •OOljOf).... 1 •000120... 0(K)01578... 

12 1 33333... j •OG0CO6... 1 •001.515... •(K)018039... 

m 3 1 1 •181818... •004.545... •(KK)50818.., 

198 IGi 541 1 ! •025 003125. 

7920 660 220 1 40 i 1 •125 

6;J360 5280 1760 320 1 8 

mil—0-001 inch. 1 chain = 100 links = 22 yards. 
fathom = 6 feet. 1 knot =1 nautical mile (6080 feet) per hour. 

Square Measure. 

.. Inches. S(i. Feet. 1 Sq. 
j Yards. 

! 
j Hq. Poles Roods. Acres. 

1 1 

Sq. Mile. 1 

1 •006944... ^17716.. j-0000256... 

1 

144 1 '•11111.... 003673... •0000918 .. •0000229 . 

1296 9 1 1 1 ; 03305i«. . 000826... •0002066... 

39204 272i 30| ! 1 •025. •00625. •00000976.. 

1568160 10890 1210 1 40 1 25. 000890626. 

6272640 43560 1 4840 160| 4 1 0016626 

>14489600 27878400 3097600 1024(X)1 2560 640 1 

1 square chain = 16 square poles = 484 square yards. 
10 square chains = 1 acre. 
1 circular inch « area of a circle 1 inch in diameter = *7854 

6 tuare inch. 



2 WEIGHTS AND MEASURES 

Cubic Measure and Measures of Capacity. 

1 cubic inch =•00057870.. cub. foot = *00002143.. cub. yaF- 
1728 cubic inches = 1 cub. foot= 037037037... cub. 

46656 cubic inches = 27 cub. feet= 1 cub. ya|£* 

Pints. Quarts. Gallons. Pecks. Ilushels. Quarters. Cubic . 
Inches, ^ 

1 •5 •12.5. •0625. •015625. •(X)1953125 34*6l 
2 1 •25. •125. •03125. ■(H)390(>25 69-3.'| 
8 4 1 •5. •125. •015625. 277 *421 

16 8 2 [ 1 •25 •03125. 554-84f 
64 32 8 4 1 *125 2219-36 

612 256 64 32 8 1 17754-88I 

4 gills = 1 pint. 
One shipping ton (for measuring cargo) = 42 cubic feet. . 

The gallon is defined as the volume “containing ten ImperirJ 
standard pounds weight of distilled water weighed in air agaiii^ 
brass weights, with the water and the air at the temperature 
sixty-two degrees of Fahrenheit’s thermometer and with the barr' 

meter at thirty inches.” i 
There is no legal equiVaTent of the gallon expressed in cubF 

inches, but 1 gallon=277*420 cubic inches is the equivalent nof* 

mally adopted, and from this 

1 cubic foot =6*22882 gallons. 

The weight and volume of water at various temiMjratures f® 

given on p. 342. 
Avoirdupois Weight. 

Ounces. Pounds. Stones. 

"J 
”062^ ^4464. 

16 1 •071428. 

224 14 
448 28 

1792 112 
36840 i 2240 U 

Quarters. 
Hundred¬ 
weights. 

' Ton 1 

•002232... •000558... •0000279... 1 

•035714 .. •008928... •0004464... \ 

*5. •125. •00625. 

1 ! •25. •0125. : 

4 1 1 •06. I 

80 : 20 1! 

1 dram = iV ounce is a legal avoirdupois weight 

Troy Weight. 

24 grains = 1 pennyweight. 
20 pennyweights = 1 ounce. 

Apothecaries’ Weight. 

20 grains =1 scruple. 
3 scruples =1 drachm. 
8 drachms = 1 ounce. 

1 ounce Troy = l ounce Apothecaries =480 grains. 
The grain is derived from the avoirdupois pound, which is equal 

to 7000 grains. 



WEIGHTS AND MEASURES 3 

Measures of Velocity. 

Feet per Second. Feet per Minute. Milea per Hour. 

1 60 •681818... . 
•0166666. . 1 •0113636... . 

1*4666666... . 88 1 1 

Measures of Work and Moments. 

Inch-Pounds. Foot-Pounds. Inch-Tons. Foot-Tons. 

1 •08333... •0004464. . •0000372.... 
12 1 •0053571... •0004464 ... 

2240 186'6666.. . 1 •0833333..., 
26880 2240 12 1 1 

1 horse-power=550 ft. lbs. per see. =33,000 ft. lbs. per min.= 
1,980,CK)0 ft. lbs. per hour = 746 watts. 1 kilowatt = 1*34 h.p. 
1 Board of Trade unit = 1 kilowatt-hour. 

Measures of Stress and Pressure. 
t— 

Lbs pel Sq. Inch Lbs per Sq, Foot. Tons perSq. Inch. [ Tons per Sq. Foot. 

! ^ 
144 •0004464 •0642857.... 

•006944 . 1 •0000031.... i *0004464 . .. 
2240 I ( 322560 1 144 

1 15*555 1 2240 •0069444 1 

UNITED STATES MEASURES. 

These are practically the same as the British measures. 
A U.S. gallon = 231 cubic inches = *83267 Imjierial gallon. 
An Imperial gallon = T20095 TJ.S. gallons. 
One net or short ton = 2000 lbs. avoirdupois. 
One shipping ton (for measuring cargo) = 40 cubic feet. 

METRIC MEASURES. 

Linear Measure. 

Milli¬ 
metres. 

Centi¬ 
metres. 

Deci¬ 
metres. Metres. Deka- 

metres. 
Hecto¬ 
metres. 

Kilo- 
metre. 

1 •1 •01 •001 •0001 •00001 •000001 
10 1 *1 •01 •001 •0001 ■00001 

100 10 1 •1 *01 •001 •0001 
1000 100 10 1 •1 •01 

10000 1 1000 100 10 1 •1 •01 
100000 10000 1000 100 10 1 •1 

1000000 (100000 10000 1000 100 10 1 



4 WEIGHTS AND MEASURES 

Square Measure. 

Square 
Centimetres. 

1 Square 
Decimetres. 

Square 
Metres. Ares. Hectare. 

1 •01 •0001 •(K)0()()1 •00000001 
100 1 •01 •0001 •000001 

10000 100 i 1 •01 •0001 

1000000 10000 I UK) 1 •01 
lOOOOOOOO 1000000 ; ]00(K) 1 llK) 1 

1 ccntiare = 1 square metre. 

Cubic Measure and Measures of Capacity. 

.. Cubic Centimetres. Cui)ic. Decimeti*es, j 1 Cubic Metre. 

1 i •001 i •000001 
1000 1 •001 

1000000 1 1000 1 

1 stere = l cubie metre. 1 litre * = 1'0(KK)27 cubic decimetres. 

Milli¬ 
litres. 

Centi¬ 
litres. Decilitres. Litres. Deka¬ 

litres. 
Hecto¬ 
litres. Kilolitre. 

1 •1 •01 •001 •0001 •00001 •000001 
10 1 •1 •01 •001 •0001 •00(X)] 

100 10 1 •1 •01 •00] •0001 
1000 100 10 1 •1 •01 •001 

KKIOO Km 100 10 1 •1 •01 
100(X)0 lOCXK) KMX) 100 10 1 •1 

KXICKXK) KUXKH) lOO(X) 10(X) 100 !0 1 

Milli¬ Centi¬ 1 Deci- 

Weights 
1 

Deka- 1 Hecto- Kilo¬ 
grammes. grammes. giammes. j Grammes. grarnmes. 1 grammes. gramme. 

1 1 *3 •001 •0001 •00001 •000001 
10 1 1 •1 •01 •001 •0001 •00001 

100 10 1 •1 i •01 •001 •0001 
1000 100 10 1 •1 •01 •001 

1 10000 1000 100 10 1 •1 •01 
1 100000 1(X)00 1000 100 ! 10 1 •1 
jlOOOOOO 100000 10000 j 1000 [lOO 10 1 

t myriagramme-10 kilogrammes. 1 quintal = 1(X) kilogrammes. 
1 millier or tonne = 1000 kilogramme.s. 

The International Prototype Kilogramme, a plain cylindrical 
mass of platinumdridium alloy, differs slightly from the mass of 
one cubic decimetre of pur© water at 4^* C. and 760 mm,, whioh 

originally intended to be the kilogramme. 
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10 MILLIMETRES AND INCHES 

Equivalents of Millimetres in Inches. 
Inches = Millimetres x *039370147 

Mm. Inches. Mm. Inches. 

1 •0394 46 1-8110 
2 •0787 47 1-8504 
3 •1181 48 1-8898 
4 •1675 49 1-9291 
6 •1969 50 1-9686 
6 •2362 51 2-0079 
7 •2756 52 2-0472 
8 •3160 53 2-0866 
9 •3543 54 2-1260 

10 •3937 55 2-1654 
11 •4331 56 2-2047 
12 •4724 57 2 2441 
13 •6118 58 2-2835 
14 •6612 59 2-3228 
15 •5906 60 2-3622 
16 •6299 61 i 2-4016 
17 •6693 62 2-4409 
18 •7087 63 1 2-4803 
19 •7480 64 I 2-6197 
20 •7874 65 2-5691 
21 •8268 66 2-5984 
22 •8661 67 1 2 6378 
23 •9065 68 2-6772 
24 •9449 69 2-7165 
26 •9843 70 2-7569 
26 i 1 0236 71 2-7953 
27 1 0630 72 2-8347 
28 11024 73 2-8740 
29 1-1417 74 2-9134 
30 11811 75 2-9528 
31 1-2205 76 2-9921 
32 1-2698 77 3-0315 
33 1-2992 78 3-0709 
34 1-3386 79 3-1102 
36 1-3780 80 3-1496 
36 1-4173 81 3-1890 
37 1-4567 82 3-2284 
38 1-4961 83 3*2677 
39 1-6354 84 1 3-3071 
40 1-5748 85 3-3466 
41 1-6142 86 3-3858 
42 1-6636 87 3-4262 
43 1-6929 88 3-4646 
44 1-7323 89 1 3-5039 
45 1-7717 90 1 3-5433 

Mm. Inches. Mm, Inches. 

91 3-5827 136 6-3543 
92 3-6221 137 6-3937 
93 3-6614 138 5-4331 
94 3-7008 139 6-4725 
96 3-7402 140 5-6118 
96 3-7795 141 5-5612 
97 3-8189 142 5-5906 
98 3-8583 143 6-6299 
99 3-8976 144 6-6693 

100 3-9370 145 6-7087 
101 3-9764 146 6-7480 
102 4-0158 147 5-7874 
103 4-0561 148 5-8268 
104 4 0945 149 5-8662 
105 4-1339 150 6-9055 
106 4-1732 161 6-9449 
107 4-2126 152 6-9843 
108 4-2520 163 6-0236 
109 4-2913 164 6-0630 
110 4-3307 155 6-1024 
111 4-3701 156 6-1417 
112 4-4095 167 61811 
113 4-4488 168 6-2205 
114 4-4882 169 6-2599 
115 4-5276 160 6-2992 
116 4-6669 161 6-3386 
117 4-6063 162 6-3780 
118 4-6467 163 6-4173 
119 4-6860 164 6-4667 
120 4-7244 165 6-4961 
121 4-7638 166 6-5364 
122 4-8032 167 6-6748 
123 4-8426 168 6-6142 
124 4-8819 169 6-6536 
126 4-9213 170 6-6929 
126 4-9606 171 6*7323 
127 6-0000 172 6-7717 
128 50394 173 6*8110 
129 5-0787 174 6-8504 
130 5-1181 176 6-8898 
131 5-1676 176 6-9291 
132 5-1969 177 6*9685 
133 5-2362 178 70079 
134 5-2756 179 7-0473 
135 5-3150 180 74^6 



MILLIMBTBBS AND INOHBS 11 

Equivalents of Millimetres in Inches. 

Mm. Inches. Mm. Inches. Mm. Inches, Mm. Inches. 

181 71260 226 8*8977 271 10*6693 316 12*4410 
182 71654 227 8*9370 272 10*7087 317 12*4803 
183 7*2047 228 8*9764 273 10*7481 318 12*5197 
184 7*2441 229 9*0158 274 10*7874 319 12*5591 
185 7*2835 230 9*0551 275 10*8268 320 12-5984 
180 7*3228 231 9*0945 276 10*8662 321 12*6378 
187 7*3622 232 9*1339 277 10*9066 322 12*6772 
188 7*4016 233 9*1732 278 10*9449 323 12*7166 
189 7*4410 234 9*2126 279 10*9843 324 12*7659 
190 7*4803 235 9*2520 280 11*0236 325 12*7963 
191 7*5197 236 9*2914 281 11*0630 326 12*8347 
192 7*5591 237 9*3307 282 11*1024 327 12*8740 
193 7*5984 238 9*3701 283 11*1418 328 12*9134 
194 7*6378 239 9*4095 284 11*1811 329 12*9528 
195 7*6772 240 9*4488 286 11*2205 330 12*9921 
196 7*7165 241 9*4882 286 11*2599 331 13*0316 
197 7*7559 242 9*5276 287 11*2992 332 13*0709 
198 7*7953 243 9*5669 288 11*3386 333 13*1103 
199 7*8347 244 9*6063 289 11*3780 334 13*1496 
200 7*8740 245 9*6457 290 11*4173 335 13*1890 
201 7*9134 246 9*6851 291 11*4667 336 13*2284 
202 7*9528 247 9*7244 292 11*4961 337 13*2677 
203 7*9921 248 9*7638 293 11*6356 338 13*3071 
204 8*0315 249 9*8032 294 11*5748 339 13*3465 
205 8*0709 250 9*8425 295 11*6142 340 13*3858 
206 8*1103 251 9*8819 296 11*6636 341 13*4262 
207 8*1496 252 9*9213 297 11*6929 342 13*4646 
208 8*1890 253 9*9606 298 11*7323 343 13*5040 
209 8*2284 254 10*0000 299 11*7717 344 13*5433 
210 8*2677 255 10*0394 300 11*8110 345 13*6827 
211 8*3071 256 10*0788 301 11*8504 346 13*6221 
212 8*3465 257 10*1181 302 ; 11*8898 347 13*6614 
213 8*3858 258 10*1575 303 11*9292 348 13*7008 
214 8*4252 259 10*1969 304 11*9685 349 13*7402 
215 8*4646 260 10*2362 306 12*0079 350 13*7796 
216 8*5040 261 10*2756 306 12*0473 361 13*8189 
217 8*5433 262 10*3160 307 12*0866 362 13*8683 
218 8*5827 263 10*3543 308 12*1260 353 13*8977 
219 8*6221 264 10*3937 309 12*1664 354 13*9370 
220 8*6614 265 10*4331 310 12*2047 356 13*9764 
221 8*7008 266 10*4726 311 12*2441 356 14*0168 
222 8*7402 267 10*5118 312 12*2835 367 14*0651 
223 8*7795 268 10*6512 313 12*3229 358 14*0945 
m 8*8189 269 10*6906 314 12*3622 359 14*1339 
225 8*85^ 270 104299 315 12*4016 360 14*1733 



12 MllXIMETRES AND INCHES 

Equivalents of Millimetres in Inches. 

Mm. Inches. Mm. Inches. Mm. Inches. Mm. Inches. 

361 142126 406 16-9843 451 17-7559 496 19-5276 
362 14-2620 407 16*0236 452 17-7953 497 19*5670 
363 14-2914 408 16*0630 453 17*8347 498 19-6063 
364 14-3307 409 16*1024 454 17*8740 499 19-0457 
365 14-3701 410 16-1418 455 17*9134 600 19*6851 
366 14-4096 411 16-1811 456 17*9528 601 19-7244 
367 14-4488 412 16-2205 457 17-9922 502 19*7638 
368 14*4882 413 16-2599 458 18-0315 503 19-8032 
369 14*5276 414 16-2992 459 18*0709 504 19-8426 
370 14*5670 415 16-3386 460 18-1103 505 19*8819 
371 14*6063 416 16-3780 461 18-1496 506 19*9213 
372 14*6457 417 16-4174 462 18-1890 507 19-9607 
373 14*6851 418 16-4567 463 18-2284 508 20-0000 
374 14-7244 419 16-4961 464 18-2677 509 20-0394 
375 14-7638 420 16-5355 465 18-3071 510 20*0788 
376 14-8032 421 16-5748 466 18-3465 511 20-1181 
377 14-8425 422 16*6142 467 18-3859 512 20-1575 
378 14-8819 423 16-6536 468 18-4252 513 20*1969 
379 14-9213 424 16-6929 469 18-4646 514 20*2363 
380 14-9607 425 16-7323 470 18-5040 516 20-2756 
381 15-0000 426 16*7717 471 18-5433 516 20'3150 
382 15*0394 427 16*8111 472 18*5827 617 20-3644 
383 16*0788 428 16-8504 473 18-6221 518 1 20-3937 
384 ! 15*1181 429 16*8898 474 18-6614 619 1 20*4331 
386 16*1575 430 16*9292 475 18-7008 520 20*4725 
386 15*1969 431 16*9685 476 18-7402 621 1 20-6118 
387 15-2362 432 17*0079 477 18-7796 522 ! 20*6512 
388 15*2756 433 17*0473 478 18-8189 523 i 20*6906 
389 16*3150 434 17-0866 479 18*8583 624 20*6300 
390 15*3544 435 17*1260 480 18*8977 525 i 20*6693 
391 15*3937 436 17*1654 481 18*9370 626 i 20*7087 
392 15-4331 437 17*2048 482 18*9764 627 20*7481 
393 16*4725 438 17*2441 483 19*0158 628 20*7874 
394 16*5118 439 17*2835 484 19*0552 529 ! 20-8268 
396 16*5512 440 17*3229 485 19*0946 630 i 20*8662 
396 16*5906 441 17*3622 486 19-1339 531 20*9055 
397 16-6299 442 17*4016 487 19*1733 632 20-9449 
398 16*6693 443 17*4410 488 19*2126 533 ; 20*9843 
399 16*7087 444 17*4803 489 19*2520 634 21*0237 
400 16*7481 446 17*5197 490 19*2914 535 1 21*0630 
401 16*7874 446 17*5591 491 19*3307 636 21*1024 
402 16*8268 447 17*5985 492 19*3701 537 21*1418 
403 16*8662 448 17*6378 493 19*4095 538 21*1811 
404 16*9066 449 17*6772 494 19*4489 539 21*2205 
406 1 16-9449 460 17-7166 495 19*4882 540 21*2599 



MILLIMETRES AND INCHES 13 

Equivalents of Millimetres in Inches. 

Mm. Inches. Mm. Inches. Mm. Inches. Mm. Inches. 

541 21-2992 686 23-0709 631 24-8426 676 26-6142 
542 21-3386 587 23-1103 632 24-8819 677 26-6536 
543 21-3780 588 23-1496 633 24-9213 678 26-6930 
544 21-4174 589 23-1890 634 24-9607 679 26-7323 
545 21-4567 590 23-2284 635 25-0000 680 26-7717 
546 21-4961 591 23-2678 636 25-0394 681 26-8111 
547 21-5355 692 23-3071 637 25-0788 682 26-8504 
548 21-5748 593 23-3465 638 25-1182 683 26-8898 
549 21-6142 594 23-3859 639 25-1575 684 26-9292 
550 21-6536 595 23-4252 640 25-1969 685 26-9686 
551 21-6930 596 23-4646 641 25-2363 686 27-0079 
552 21-7323 597 23-5040 642 25-2756 687 27-0473 
653 21-7717 598 23-5433 643 25-3150 688 27-0867 
554 21-8111 599 23-5827 644 25-3544 689 27-1260 
555 21-8504 600 23-6221 646 26-3937 690 27-1654 
556 21-8898 601 23-6615 646 25-4331 691 27-2048 
557 21-9292 602 23-7008 647 26-4725 692 27-2441 
558 21-9685 603 23-7402 648 25-5119 693 27-2835 
559 22-0079 604 23-7796 649 26-6512 694 27-3229 
560 22-0473 605 23-8189 650 25-5906 695 27-3623 
561 22-0867 606 23-8583 651 26-6300 696 27-4016 
562 22-1260 607 23-8977 652 25-6693 697 27-4410 
563 22-1654 608 23-9370 653 25-7087 698 27-4804 
564 22-2048 609 23-9764 654 25-7481 699 27-5197 
666 22-2441 610 24-0168 655 25-7874 700 27-5591 
666 22-2835 611 24-0652 656 25-8268 701 27-5985 
667 22-3229 612 24-0945 657 25-8662 702 27-6378 
668 22-3622 613 24-1339 658 25-9056 703 27-6772 
669 22-4016 614 24-1733 669 25-9449 704 27*7166 
670 22-4410 615 24-2126 660 25-9843 705 27-7560 
571 22-4804 616 24-2520 661 26-0237 706 27-7953 
572 22-6197 617 24-2914 662 26-0630 707 27-8347 
673 22-6691 618 24-3308 663 26-1024 708 27-8741 
574 22-5985 619 24-3701 664 26-1418 709 27-9134 
675 22-6378 620 24-4095 665 26-1811 710 27-9528 
576 22-6772 621 24-4489 666 ! 26-2205 711 27-9922 
677 22-7166 622 24-4882 667 26-2599 712 28-0315 
578 22-7569 623 24-6276 668 26-2993 713 28*0709 
679 22-7963 624 24-5670 669 26-3386 714 28-1103 
680 22-8347 625 24-6063 670 26-3780 715 28*1497 
581 22-8741 626 24-6457 671 26-4174 716 28*1890 
582 22-9134 627 24-6861 672 26-4567 717 28*2284 
683 22-9628 628 24-7246 673 26-4961 718 28-2678 
684 22-9922 629 24-7638 674 26-5856 719 1 28-3071 
686 23-0316 630 24-8032 676 26-5748 720 1 28-3465 



14 MILLIMETRES AKD INOHES 

Eqiiivalents of Millimetxes in Inches. 

Mm. Inches. Mm. Inches. Mm. Inches. Mm. Inches. 

721 28-3869 766 30-1675 811 31-9292 866 33*7008 
722 28-4252 767 30-1969 812 31-9686 867 33*7402 
723 28-4646 768 30-2363 813 32-0079 858 33-7796 
724 28-6040 769 30-2766 814 32-0473 869 33*8190 
725 28-5434 770 30-3160 816 32-0867 860 33-8683 
726 28-5827 771 30-3544 816 32-1260 861 33-8977 
727 28-6221 772 30-3938 817 32*1654 862 33-9371 
728 28-6615 773 30-4331 818 32-2048 863 33-9764 
729 28-7008 774 30-4725 819 32-2442 864 34-0158 
730 28-7402 775 30-5119 820 32-2836 866 34-0552 
731 28-7796 776 30-5512 821 32-3229 866 34*0945 
732 28-8189 777 30-5906 822 32-3623 867 34*1339 
733 28-8583 778 30-6300 823 32-4016 868 34-1733 
734 28-8977 779 30-6693 824 32-4410 869 34-2127 
735 28-9371 780 30-7087 825 32-4804 870 34-2620 
736 28-9764 781 30-7481 826 32-6197 871 34-2914 
737 29-0168 782 30-7876 827 32-5591 872 34-3308 
738 29-0662 783 30-8268 828 32-5986 873 34-3701 
739 29-0946 784 30-8662 829 32*6379 874 34-4096 
740 29-1339 786 30-9056 830 32*6772 876 34-4489 
741 29-1733 786 30-9449 831 32-7166 876 34*4882 
742 29-2126 787 30-9843 832 32-7660 877 34*5276 
743 29-2620 788 31-0237 833 32-7953 878 34*6670 
744 29-2914 789 31-0630 834 32-8347 879 34-6064 
745 29-3308 790 31-1024 835 32-8741 880 34*6467 
746 29-3701 791 31-1418 836 1 32-9134 881 34*6861 
747 29-4096 792 31-1812 837 32*9528 882 1 34*7245 
748 29-4489 793 31-2206 838 32-9922 883 1 34*7638 
749 29-4882 794 31*2599 839 33-0316 884 34*8032 
750 29-6276 796 31*2993 840 33-0709 885 34*8426 
751 29-6670 796 31*3386 841 33-1103 886 34*8820 
752 29-6064 797 31*3780 842 33-1497 887 34*9213 
763 29-6467 798 31*4174 843 33*1890 888 34*9607 
764 29-6851 799 31*4667 844 33*2284 889 86*0001 
766 29-7246 800 31*4961 845 33*2678 890 35-0394 
766 29-7638 801 31-6366 846 33-3071 891 35*0788 
767 29-8032 802 31*6749 847 33*3466 892 35*1182 
768 29-8426 803 31*6142 848 33*3869 893 35*1675 
759 29-8819 804 31*6636 849 33*4253 894 35*1969 
760 29*9213 805 31*6930 860 33*4646 895 36*2363 
761 29*9607 806 31*7323 851 33*6040 806 36*2757 
762 30-0001 807 31*7717 862 33*5434 897 35*3160 
763 30-0394 808 31*8111 863 33*5827 898 35*3544 
764 30-0788 809 31*8504 864 33*6221 899 1 35*3938 
765 30-11821 810 31*8898 855 33*6615 900 35*4331 



BnLLIMETBES AND INCHES 15 

Equivalents of Millimetres in Incheg. 

Mm. Inches. Mm. Inches. Mm. Inches. Mm. Inches. 

901 35*4725 926 36*4668 951 37*4410 976 38*4263 
902 35*5119 927 36*4961 962 37*4804 977 38*4646 
903 36-5512 928 36*5366 963 37*5198 978 38*5040 
904 35*5906 929 36*5749 964 37*6591 979 38*5434 
905 35*6300 930 36*6142 955 37*6985 980 38*6827 
906 36*6604 931 36-6636 956 37*6379 981 38*6221 
907 35*7087 932 36-6930 957 37*6772 982 38*6615 
908 36*7481 933 36*7323 968 37*7166 983 38*7009 
909 36*7876 934 36*7717 969 37*7560 984 38*7402 
910 35*8268 936 36*8111 960 37*7953 985 38*7796 
911 35*8662 936 36*8505 961 37*8347 986 38*8190 
912 36*9056 937 36*8898 962 37*8741 987 38*8583 
913 35*9449 938 36*9292 963 37*9135 988 38*8977 
914 36*9843 939 36*9686 964 37*9628 989 38*9371 
915 36*0237 940 37*0079 965 37*9922 990 1 38*9764 
916 36*0631 941 37*0473 966 38*0316 991 39*0168 
917 36*1024 942 37*0867 967 38*0709 992 39*0552 
918 36*1418 943 37*1260 968 38*1103 993 39*0946 
919 36*1812 944 37*1654 969 38*1497 994 39*1339 
920 36*2206 945 37*2048 970 38*1890 995 39*1733 
921 36*2699 946 37*2442 971 38*2284 996 39*2127 
922 36*2993 947 37*2835 972 38*2678 997 39*2520 
923 36*3386 948 37*3229 973 38*3072 998 39*2914 
924 36*3780 949 37*3623 974 38*3465 999 39*3308 
925 36*4174 950 37*4016 975 38*3869 1000 39*3701 

Equivalents of Fractions of an Inoh in Millimetres. 
Millimetres = Inches x 25*399956. 

Inch. Mm. 

6*7469 
A 7*1437 

a 7*6406 
A 7*9376 

H 8*3344 
a 8*7312 

a 9*1281 
i 9*6250 

u 9*9219 
a 10*3187 

a 10*7166 
A 1M125 

If 11*6094 
it 11*9062 

n 12*3031 
1 12*7000 

Inch. Mm. 

if 1 13*0969 
13*4937 

« i 13*8906 
14*2876 

il 14*6843 
II 16*0812 

II 15*4781 
1 16*8760 

H 16*2718 
fl 16*6687 

II 17*0666 
« 17*4626 

H 17*8693 
If 18*2662 

18*6631 
1 19-0600 



g INCHES AND MILLIMETEES 

Equivalents of Inches and Fractions of an Inch in 
Millimetres. 

Millimetres = Inches x 26-399956. 

In. •0 % )4 % >/2 % % % 

1 25-400 28-575 31-760 34-925 38-100 41-275 44-450 47-626 
2 50-800 53-975 57-150 60-325 63-500 66-675 69-850 73-026 
3 76-200 79 375 82-660 86-725 88-900 92-075 95-250 98-425 
4 101-60 104-77 107-95 111-12 114-30 117-47 120-65 123-82 
6 127-00 130-17 133-35 136-52 139-70 142-87 146-05 149-22 

6 162-40 165-67 158-75 161-92 165-10 168-27 171-46 174-62 
7 177-80 180-97 184-15 187-32 190-50 193-67 196-85 200-02 
8 203-20 206-37 209-55 212-72 216-90 219-07 222-25 226-42 
9 228-60 231-77 234-95 238-12 241-30 244-47 247-65 250-82 

10 254-00 257-17 260-35 263-52 266-70 269-87 273-05 276-22 

11 279-40 282-57 285-75 288-92 292-10 295-27 298-46 301-62 
12 304-80 307-97 311-15 314-32 317-50 320-67 323-85 327-02 
13 330-20 333-37 336-55 339-72 342-90 346-07 349-25 352-42 
14 355-60 358-77 361-95 366-12 368-30 371-47 374-65 377-82 
15 381-00 384-17 387-35 390-52 393-70 396-87 400-05 403-22 

16 406-40 409-57 412-75 416-92 419-10 422-27 425-46 428-62 
17 431-80 434-97 438-15 441-32 444-50 447-67 460-86 454-02 
18 467-20 460-37 463-65 466-72 469-90 473-07 476-25 479-42 
19 482-60 486-77 488-95 492-12 495-30 498-47 601-65 504-82 
20 608-00 511-17 514-35 617-62 520-70 523-87 627-05 630-22 

21 633-40 636-57 539-76 542-92 646-10 649-27 552-45 665-62 
22 568-80 561-97 565-16 568-32 671-60 674-67 677-85 681-02 
23 684-20 687-37 690-55 693-72 596-90 600-07 603-25 606-42 
24 609-60 612-77 615-95 619-12 622-30 625-47 628-66 631-82 
25 635-00 638-17 641-35 644-52 647-70 660-87 654-05 657-22 

26 660-40 663-57 666-76 669-92 673-10 676-27 679-46 682-62 
27 686-80 688-97 692-16 695-32 698-50 701-67 704-86 708-02 
28 711-20 714-37 717-55 720-72 723-90 727-07 730-26 I 733-42 
29 736-60 739-77 742-96 746-12 749-30 762-47 755-66 768-82 
30 1762-00 766-17 768-35 771-52 774-70 777-87 781-06 784-22 

31 787-40 790-57 793-76 796-92 800-10 803-27 806-45 809-62 
32 812-80 816-97 819-16 822-32 826-50 828-67 831-85 836-02 
33 838-20 841-37 844-66 847-72 850-90 854-07 857-25 860-42 
34 1863-60 866-77 869-96 873-12 876-30 879-47 882-66 886-82 
35 ! 889-00 892-17 895-36 898-52 901-70 904-87 908-06 911-22 

In. *0 % V* % % % % 
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19 MrCiKS, NAtTTIOAL MILES, AND KILOMETEES 

EqtLivalents of Statute Miles in Nautical Miles 
and in Kilometres 

Nautical miles * = Statute miles x *86842105. 
Kilometres = Statute miles x 1*6093412. 

i 
Fractions of a Mile. j 1 Fractions of a Mile. 

1 •0 •25 ■5 •76 *0 *25 •5 •75 

Nautical Miles. Kilometres. 

1 •8684 1*0856 1*3026 1*5197 1*609 2*012 2*414 2*816 
2 1*7368 1*9639 2*1711 2*3882 3*219 3*621 4*023 4-426 
3 2*6053 2*8224 3*0395 3*2566 4*828 5*230 5-633 6*036 
4 3*4737 3*6908 3*9079 4*1250 6*437 6*840 7*242 7*644 
5 4*3421 4*5592 4*7763 4*9934 8*047 8*449 8*861 9*264 

6 5*2105 6*4276 6*6447 6*8618 9-656 10*058 10*461 10*863 
7 6*0789 6*2961 6*6132 6*7303 11*266 11*668 12*070 12*472 
8 6*9474 7*1646 7*3816 7*5987 12*876 13*277 13*679 14*082 
9 7*8158 8*0329 8*2500 8*4671 14*484 14*886 15*289 16*691 

10 8*6842 8*9013 9*1184 9*3365 16*093 16*496 16*898 17*300 

11 9*5526 9*7697 9*9868 10*2039 17*703 18*105 18*507 18*910 
12 10*4211 10*6382 10*8563 11*0724 19*312 19*714 20*117 20*519 
13 11*2895 11*5066 11*7237 11*9408 20*921 21*324 21*726 22*128 
14 12*1579 12*3750 12*6921 12*8092 22-631 22*933 23*336 23*738 
15 13*0263 13*2434 13*4605 13*6776 24*140 24*642 24*945 25*347 

16 13*8947 14*1118 14*3289 14*5461 25*749 26*152 26-654 26*966 
17 14*7632 14*9803 15*1974 16*4145 27*369 27*761 28*163 28*566 
18 15*6316 16*8487 16*0658 16*2829 28*968 29*370 29-773 30*176 
19 16*5000 16*7171 16*9342 17*1613 30*677 30*980 31*382 31*784 
20 17*3684 17*5866 17*8026 18*0197 32*187 32*689 32*991 33*394 

21 18*2368 18*4639 18*6711 18*8882 33*796 34*199 34*601 35*003 
22 19*1053 19*3224 19*6396 19*7566 36*406 36*808 36*210 36*613 
23 19*9737 20*1908 20*4079 20*6260 37*015 37-417 37*820 38*222 
24 20*8421 21*0592 21*2763 21*4934 38*624 39-027 39*429 39*831 
25 21*7105 21*9276 22*1447 22*3618 40*234 40*636 41*038 41*441 

26 22*5789 22*7961 23*0132 23*2303 41*843 42*245 42*648 43-060 
27 23*4474 23*6645 123*8816 24*0987 43*462 43*856 44-267 44*659 
28 24*3158 24*5329 24*7600 24*9671 46*062 46*464 46-866 46*269 
29 25*1842 26*4013 26*6184 26*8356 46*671 47*073 47*476 47*878 
30 26*0526 26*2697 26*4868 26*7039 48*280 48*683 49*085 49-487 

31 26*9211 27-1382 27*3663 27*5724 49*890 60*292 50-694 51*097 
32 27*7895 28*0066 28*2237 28*4408 61*499 61*901 62*304 52*706 
33 28*6579 28-8760 29*0921 29*3092 53*108 63*511 53*913 64*316 
34 29*5263 29*7434 29*9605 30*1776 64-718 65*120 66-622 56*925 
35 30*3947 30*6118 30*8289 31*0461 66*327 66-729 57*132 67*634 

* Bued oa 1 naatioal mile s 0090 feet. 



20 NAUTICAL MILES, MILES, AND KILOMETRES 

Equivalents of Nautical Miles in Statute Miles 
and in Kilometres. 

i Nautical mile ~ 6080 feet. 
1 Statute mile — 5280 feet. 
1 Kilometre = 3280-8456 feet. 
Statute miles = Nautical miles x 1*1515152. 
Kilometres = Nautical miles x 1*8531808. 
N.M. = Nautical miles. 

Fractions of a Nautical Mile. 1 Fractions of a Nautical Mile. 

•0 *25 *5 •75 *0 *25 *5 *75 

Statute Miles. Kilometres. 

1 1*1515 1*4394 1*7273 2*0152 1*853 2*316 2*780 3*243 
2 2*3030 2-6909 2*8788 3*1667 3*706 4*170 4*633 6*096 
3 3*4545 3*7424 4-0303 4*3182 6*560 6*023 6*486 6*949 
4 4*6061 4*8939 5-1818 5*4697 7*413 7*876 8*339 8*803 
5 5*7576 6*0455 6-3333 6*6212 9*266 9*729 10*192 10*666 

6 6*9091 7-1970 7*4848 7*7727 11*119 11*582 12*046 12*509 
7 8*0606 8-3485 8*6364 8*9242 12*972 13*436 13*899 14*362 
8 9*2121 9*5000 9*7879 10*0768 14*825 16*289 16*762 16*216 
9 10*3636 10*6515 10*9394 11*2273 16*679 17*142 17*605 18*069 

10 11-6162 11*8030 12-0909 12-3788 18-532 18*995 19*458 19*922 
11 12*6667 12-9545 13*2424 13*5303 20*386 20*848 21-312 21*776 
12 13*8182 14-1061 14*3939 14*6818 22*238 22*701 23*166 23*628 
13 14*9697 16-2676 15*5455 16*8333 24*091 24*556 25*018 25*481 
14 16*1212 16-4091 16*6970 16*9848 25*946 26*408 26*871 27*334 
15 17*2727 17-6606 17-8485 18*1364 27*798 28-261 28*724 29*188 

16 18*4242 18*7121 19*0000 19*2879 29*661 30*114 30*577 31*041 
17 119*5758 19*8636 20*1515 20*4394 31*504 31*967 32*431 32*894 
18 20*7273 21*0152 21*3030 21*5909 33*367 33*821 34*284 34*747 
19 21*8788 22*1667 22*4545 22*7424 36*210 35*674 36*137 36*600 
20 23*0303 23*3182 23*6061 23*8939 37*064 37*527 37*990 38*454 

21 24-1818 24*4697 24*7576 25*0455 38*917 39*380 39*843 40*307 
22 25*3333 25*6212 25*9091 26*1970 40*770 41*233 41*697 42*160 
23 26*4848 26*7727 27*0606 27*3485 42*623 43*086 43*550 44*013 
24 27*6364 27*9242 28*2121 28*5000 44*476 44*940 46*403 46*866 
25 28*7879 29*0758 29*3636 29*6515 46*330 46*793 47*266 47*719 

26 29*9394 30*2273 30*5152 30*8030 48*183 48*646 49*109 49*673 
27 31*0909 31*3788 31*6667 31*9546 50*036 50*499 60*962 61*426 
28 32*2424 32*5303 32*8182 33*1061 51*889 52*352 62*816 63*279 
29 33*3939 33*6818 33*9697 34*2576 53*742 54*206 64*669 66*132 
80 34*5455 34*8333 351212 35*4091 56‘695 56*059 

— 
66*622 66*986 
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C. a. 8. SYSTEM OF UNITS 

The G. G. S. System of Units. 

This is the systoin of units recommended, for scientific pur¬ 
poses, by a coramiftce of the Bril ish Association. The centimetre 
is the unit of temjtJu the (jramine is the unit of mans, and the 
second is the unit of time. 

The unit of area is the square centimetre. 
The unit of vnliunc is the cubic centimetre. 
The unit of vilocittj is a velocity of a centimetre per second. 
The unit of momentum is tlic momentum of a qramme moving 

witli a velocity of a centimetre imr second. 
1'he unit oi force is that force which generates a unit e>f momen¬ 

tum in a sicond, and i-> therefore that force which, acting on a 
gram rue for one second, generates a velocity of a centimetre per 
second. This unit of force is calle<l the dyne,. 

The unit ol work is the work done by a force of a dyne acting 
through a distance of a centimetn. This unit of work is called 
the ery. 

Equivalents of ordinary British and C. G. S. Units. 

1 foot = 3047995 centimetres. 
1 centimetre = *03280846 foot. 
1 square inch = 6451578 square centimetres. 
1 square foot =929*0272 square centimetres. 
1 square centimetre = *1550008 sq. inch = *00107639 sq. foot. 
1 cubic inch = 16*386979 cubic centimetres. 
1 cubic foot = 28316*7 cubic centimetres. 
1 cubic centimetre = *061024 cubic inch =*00003531 cubic foot. 

1 lb. avoirdupois=453*50234 grammes. 
1 gramme = *00220462 lb. avoirdupois. 
1 foot per second = 30*47995 centimetres per second. 
1 mile per hour=44*7039 centimetres per second. 
1 centimetre per second = *03280846 foot per second = *02237 

mile per hour. 
1 lb. per cubic foot = *016019 grammes per cubic centimetre. 
1 gramme per cubic centimetre=62*4276 lbs. per cubic foot. 
Accelerating effect of gravity=32*2 feet per sec. per sec. =981 

centimetres per sec. per sec., approximately. 
In the equivalents below g is taken=981 cm. per sec. per sec. 

1 lb. avoirdupois=444974 dynes. 
1 gramme =981 dynes. 
1 foot-pound = 13562790 ergs. 
1 kilogrammetre =98100000 ergs. 
1 lb. per square inch=68971 dynes per square centimetre. 
1 lb. per square foot =478*97 dynes per square centimetre. 
1 kilogramme per square centimetre s 981000 dynes per square 

centimetre. 
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Imperial or Legal Standard Wire Gauge. 

D
es

cr
ip

ti
v

e 
> 

N
u
m

b
er

, 
j 

Equivalent in Sectional 
Area of 
Wire in 
8q. In. 

a> 
i: 
Cujy 

Equivalent in 
Sectional 

Parts ol 
an Inch. 

Milli¬ 
metres. 

‘C S 
1 Parts of 
1 an Inch. 

i Milli- 
j metres. 

Area of Wire 
in Sq. In. 

7/0 •500 12-700 •196360 23 ■024 •610 •00045239 
6/0 *464 11-785 •169093 24 1 -022 •559 •00038013 
6/0 •432 10-973 •146574 25 ' -020 •508 ■00031416 
4/0 •400 10-160 •125664 26 •018 •457 •00025447 
3/0 •372 9-449 •108687 27 •0164 ' *4166 •00021124 

2/0 •348 8-839 •095116 28 •0148 •3759 •00017203 
0 •324 8-229 •082448 29 •0136 •3454 •00014527 
1 •300 7*620 •070686 30 •0124 , -3150 •00012076 
2 •276 7-010 •069828 31 •0116 i *2946 •( 0010568 
3 •262 6-401 •049876 32 •0108 •2743 •00009161 

4 •232 6-893 •042273 33 •0100 •2540 •00007854 
5 •212 6-385 •036299 34 •0092 •2337 •00006648 
6 •192 4-877 •028953 35 •0084 •2134 •0(X)05542 
7 •176 4-470 •024328 36 •0076 •1930 •00004536 
8 •160 4-064 •020106 37 •0068 •1727 •00003632 

9 
1 3-658 •016286 38 •0060 •1524 •00002827 

10 •128 1 3*251 •012868 39 •0052 •1321 •00002124 
11 •116 2*946 •010668 40 •0048 i •1219 •00001810 
12 •104 2-642 •008495 1 41 •0044 •1118 •00001621 
13 ; -092 2-337 •006648 42 •0040 *1016 •00001267 

14 •080 2-032 •005027 43 •0036 •0914 •00001018 
16 *072 1-829 •004072 44 •0032 •0813 •00000804 
16 •064 1-626 •003217 45 *0028 •0711 ' 00000616 
17 •066 1 422 •002463 46 •0024 •0610 •00000452 
18 •048 1-219 •001810 47 •0020 ■0508 •00000314 

19 •040 1-016 •001257 48 •0016 •0406 •00000201 
20 •036 •914 •001018 49 •0012 •0306 •00000113 
21 •032 •813 •00C804 60 •0010 •0264 •00000079 
22 •028 •711 •000616 

B 
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Birmingham Gauge.* 

Descrip¬ 
tive 

Number. 

Equiv. 
in Parts 
of an In. 

Descrip¬ 
tive 

Number. 

Equiv. 
in Parts 
of an In. 

Descrip¬ 
tive 

Number. 

Equiv. 
in Parts 
of an In. 

Descrip¬ 
tive 

Number. 

Equiv. 
in Parts 
of an In. 

16/0 B.Q. 1-000 3 B.G. •2804 20 B.G. •0392 37 B.G. •0064 
14/0 B.G. 0-9583 4 B.G. •250 21 B.G. •0349 38 B.G. •0048 
13/0 B.G. •9167 6 B.G. •2225 22 B.G. •03126 39 B.G. •0043 
12/0 B.G. •8760 6 B.G. •1981 23 B.G. •02782 40 B.G. •00386 
11/0 B.G. •8333 7 B.G. •1764 24 B.G. •02476 41 B.G. •00343 
10/0 B.G. •7917 8 B.G. •1670 26 B.G. •02204 42 B.G. •00306 
9/0 B.G. •760 9 B.G. •1398 26 B.G. •01961 43 B.G. •00272 
8/0 B.G. •7083 10 B.G. •1260 27 B.G. •01745 44 B.G. •00242 
7/0 B.G. •6666 11 B.G. •1113 28 B.G. •016025 45 B.G. •00216 
6/0 B.G. •625 12 B.G. •0991 29 B.G. •0139 46 B.G. •00192 
6/0 B.G. •5883 13 B.G. •0882 30 B.G. •0123 47 B.G. •00170 
4/0 B.G. •6416 14 B.G. •0786 31 B.G. •0110 48 B.G. •00162 
3/0 B.G. •500 15 B.G. •0699 32 B.G. •0098 49 B.G. •00136 
2/0 B.G. •4452 16 B.G. •0626 33 B.G. •0087 60 B.G. •00120 
1/0 B.G. •3964 17 B.G. •0556 34 B.G. •0077 61 B.G. •00107 
1 B.G. •3532 18 B.G. •0495 36 B.G. •0069 62 B.G. •00096 
2 B.G. •3147 19 B.G. •0440 36 B.G. •0061 

' Board Df Trade Standards, S.R. and 0., 1914, 

Birmingham Wire Gauge. 

No. 1096 • 

Mark Size. Mark Size. Mark Size. Mark Size. 
or No. Inch, or No. Inch. or No. Inch. or No. Inch, 

4/0 •464 7 •18 17 ■068 27 '016 
3/0 •426 8 •166 18 •049 28 •014 
2/0 •38 9 •148 19 •042 29 •013 
0 •34 10 •134 20 •036 30 •012 
1 •3 11 •12 21 •032 31 •01 
2 •284 12 •109 22 •028 32 •009 
3 •259 13 •096 23 •026 33 •008 
4 •238 14 •083 24 •022 34 •007 
5 •22 16 •072 26 •02 36 •005 
6 •203 16 •066 26 •018 36 •004 

American Standard Wire Gauge (Brown and Sharpe). 

Mark 
or No. 

Size. 
Inch, 

Mark 
or No. 

Size. 
Inch. 

Mark 
or No. 

Size. 
Inch. 

Mark 
or No. 

Size. 
Inch. 

4/0 •46 8 •12849 19 •03589 80 •010026 
3/0 •40964 9 •11443 20 •031961 81 •008928 
2/0 •8648 10 •10189 21 •028462 32 •00795 
0 •32486 11 •090742 23 •026347 33 •00708 
1 •2893 12 •080808 23 •023671 34 •006304 
2 •26763 13 •071961 24 •0201 85 •006614 
8 •22942 14 •064084 25 •0179 36 •005 
4 •20481 15 •067068 26 •01694 87 •004468 
5 •18194 16 •05082 27 •014196 88 •003965 
6 •16203 17 •045267 28 •012641 89 •008681 
7 •14428 18 •040303 29 •011257 40 •003144 
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ABITHMETICAL AND ALGEBBAICAL SIGNS. 

-f (plus) is the sign of addition. + placed between two 
quantities denotes that they are to be added together. + 
placed in front of a quantity denotes that it is a positive quantity 
as distinguished from a negative quantity. 

- (minus) is the sign of subtraction. - placed between 
two quantities denotes that the second is to he subtracted from 
the fiist. - placed in front of a quantity denotes that it is a 
negative quantity as distinguished from tk, positive quantity. 

A positive quantity may be considered as a quantity greater 
than nothing, and a negative quantity as a quantity less than 
nothing. Thus a man who has no debts and whose assets are 
valued at £100 has his wealth represented by + £100, while a 
man who owes £100 and has no assets has his wealth represented 
by - £100. The plus and minus signs are also used to show the 
direction in which a distance is measured along a line. If 
distances in one direction are positive (-f ), then distances 
measured in the opposite direction are negative (-). If + 
denotes compression, then - denotes tension. 

placed betw^ecn two quantities denotes that the smaller of 
the two is to be taken from the greater. 

= placed between two quantities or expressions denotes that 
they are equal to one another. 

> placed between two quantities denotes that the first is 
greater than the second. 

< placed between two quantities denotes that the first is 
less than the second. 

X placed between two quantities denotes that they are to be 
multiplied together. In algebra a.h=axh~ah. 

-r- placed between two quantities denotes that the first is to 
be divided by the second. Division is also indicated by a single 

line between the quantities, thus ^^=^^3 = 4. In algebra 

g=:a/6=a-~&. 

7o means per cent., thus 217o means 21 per cent, or 21 in 100, 
21 
100- 

' In proportion a:h ::c .d is read a is to 6 as c is to ci, or the 

ratio of a to 6 is equal to the ratio of c to d, or - . 
; 6 d 
I 3*=3 X 3 = 3 squared, or 3 to the second power, or the second 
power of 3. 

8*=3x3x3 = 3 cubed, or 3 to the third power, or the third 
power of 3. 
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3^‘ = n threes multiplied together, or 3 to the n*** power (n ib 
here called the index of the power). 

= the square root of 9 = 3. The square root of a quantity 
is another quantity whose second power equals the first 
quantity. 

;^8 = the cube root of 8 = 2. The cube root of a quantity is 
another quantity whose third power equals the first quantity. 

^a = the root of a. The 74“* root of a quantity is another 
quantity whose power equals the first quantity. 

00 (infinity) is used to denote a quantity which is so great 
that it cannot be represented by any number however large. 

(^» {}» [J (brackets) are used to denote that the quantities 
between them are to be treated as one quantity. The vinculum 
-placed over two or more quantities is used for the same 
purpose as brackets. The following example illustrates the use 
of brackets and vincula: — 

.3[2 4- r){23 - 2(2 + 8 - 6 - 4)} + 3 x 7“^] 
= 3[2-f5{23-2(2 + 8 -2)}+ 3x5] 
= 3[2 + 5{23 - 2 X 8) + 15] = 3[2 + 5 X 7 + 15] - 3 X 52 = 156. 

ALOEBRAICAL FORMXJLiE. 
Factors. 

+ (« + h)x + = (a* 4 a) {x + h). 
x^~h{a- h)x ~ ah = {x-j~a) {x- h). 
a^ + 2ab-hb‘^ = {ai b)". or-~2ah^b’^zi.{a-’h)^. 
aP’ - = (a + b) {a - b). 

-\-b^~{a + b) {a^ ~ ab + b“). 
~ (a - h) {a? + ab + 

.+6«"^) where n 
is an odd number. 

a«-6«=(a + 6)(a'»-i-a«-254.an-3^,2_.where n 
is an even number. 

—(a~ ft) +a"-26 + a»*-362^.+ft»‘'i) where n 
is either an odd or an even number. 

+ a^fta + ft4 ^ (^2 ^ ^ ^^2 _ <3^5 _j. ft2)^ 

a® + ft^ + c^- 3a6c=(a + ft + c) (a® + 6^ + (^~aft -fto -ac). 

Batio and Proportion. 
(J e g 

these ratios is equal to 

pu” + qc^ -hre^-h sg^ \ 
ph^ + qd^ + + sh**) 

If |)=5»r=:«=:w=l, then 
b^d 7 h b+d+f+v 
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li a :h:ic\dox^~% then, 

(1.) ad~bc. (2 ) 
a € 

(3.) V*. 
c a 

... a \-b c-\-d . a - h c - d 
= l> = d- a — u 

c-hd 
c-d 

Indices. 
(ini 

aP 

II 

Quadratic Equations.—If x“-\r ax h—o, then x~ - 

The roots of an equation are the values of x which satisfy the 
equation. 

If a and (i are the roots of the equation x^i-ax-i h — o, then 
a + — o, and a/3 = h. 

Cubic Equations.—If x^iax-^b^o, then Cardan's solution 
gives, 

-2^ 
/a« ft* 

V 27 * 4 } *{ I VS 
6' 

i 

The equation x^4 px? f ^x + r—o may be reduced to the form 
p 

x^-\-ax-\ b- o by substituting a: - ^ for « in the given equation. 

Arithmetical Progression.—Quantities are said to be in arith¬ 
metical progression when they increase or decrease by a common 
difference. 

The common difference is found by subtracting any term of 
the series from the one which follows it. 

Examples.—2, 4, 6, 8, &c., common difference = 2. 
13, 10, 7, 4, &c., „ „ = " 3. 
u, (a + 5), (a 4- 26), {a 4- 36), etc., „ = 6. 

Let urrl** term, and 6=common difference. 
The term from the beginning=a4-(r-* 1)6. 

Sum of n terms= ~{2a4-(n.-1)6}. 

If My Aj and N are in arithmetical progression, then A » 

and A is the arithmetical mean of M and N, 
Qeometrical Progression.—Quantities are said to be in geomet- 

rical progression when each is equal to the product of the pre¬ 
ceding and some constant factor. The constant factor is called 
the common ratio of the series. 
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Examples.—2, 4, 8, 10, etc., common ratio = 2. 
27, 9, 3, ), etc., „ „ =J. 
a, (xr, ar“, ar^, etc., „ „ =r. 

Let a=r‘ term, and r=:common ratio. 
The n*** term from the beginnings 

Sum of n terms = - 
«(1-r”) 

r-l “■ 1 - r 

If r is less than 1, the sum of an intinite number of terms 

(called the surn to mfuiihj) = ^ ~ 

If My Gy and N are in geometrical progression, G— n^JLV, and 
G is the geometrical mean of M and N. 

Hannonical Progpression.—Three quantities My //, and N are 
said to be in harmonical progression when M:N \M~ 11:11 - N. 

The reciprocals of quantities which are in harmonical pro¬ 
gression are in arithmetical progression. 

2MN 
If My Ily and N are in harmonical progression, then //= ’ 

^ ^ M + N 
and H is, the harmonical^ mean of J/and jV. 

Miscellaneous Series.—In the following formulce denotes 
the sum of n terms of the series, and >S’co the sum to infinity. 

,S'„=1 + 2 + 3h.^ n=”(«-l 1). 

= P + + 1.^ 

>S'„-=P + 2=M + 71 1)V 

I 2 / 

.%. = (! x2) + (2x;]) + (3x4) -j- 7i(n +11 = ,^i[n +1) (n + 2). 

>S„=:(1 X 2 X 3)4 (2 X 3 X 4) + (3 X 4 X 5) f.4 »i(7i4- l)(a + 2) 

=: 4-1) (n + 2) (n + S). 

1 1 _1 1_ _1 
”“lx2'^2x3^3x4^ ..^n(7i + l)~ w + l 

_J _J_ 1 
^^~lx2'^2x3‘^'3x4'^'. 

. Ill 1 
‘ '*“1 x2x“3'^2“x3x4"^3x4x5'^.^‘n(n+1)(n + 2) 

1 1 
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5'„“1 ^~2x + 3j^ + 4x^+. 
1 - .r” 9?.r” 

" (1 - a-)-”" 1 ~ / 

Permutations and Combinations.—“ Each of the arraagemenis 
which can be made b\ taking some or all of a number of things 
is called a.pe}rnut(ition.'" 

Thus the permutations which can be made with the digits 
1, 2, and 3, taking them two at a time, are 12, 13, 21, 31, 23, 
and 32. 

“ Each of the groups or selectwns which can be made by taking 
some or all of a number of things is called a combination ” 

Thus the combinations which can be made with the digits 
1, 2, and 3, taking them tw^o at a time, are 12 23, and 31. 

12 and 21 are different permutations, but one combination of 
the digits 1 and 2. 

The number of permutations of n different things taken r at a 
time is n(n - 1) (n 2) ... (n-r+l). 

The number of peimutations of n different things taken n at 
a time is n(n - 1) (n - 2).1, or 1 x 2 x 3.n. 

The expression n{n l)(?i-2).1 is denoted by ' n, 
which is called “factorial n.*' ” 

The number of combinations of n different things taken r at 

atlmeis!?<”rl)(»-2) V <!L_JL+D or _L™_ . 
\r I r 171 -- r 

Binomial Theorem.—(a-f ar)« = 

1.2 1.2.3 

Example, —(a + x)^ = 

+ 5a*x + f 
l.Z i.Z.o 1.2.3.4 

= a® + 5a^x -f 1 Oa^ar' -f 1 OaV* -f- 5(ix* + x\ 

The (r 4-1)*** term of (<t4 = 

r, I- 
Exponential and Logarithmic Series. 

A^^x^ A*x* 
a*= 1 4 Ax 4- “j' 9 d 4- d-.. 

where ^=:log,a. _ — — 

Put a=c, then since log,e=l. 
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e is the base of the Napierian system of logarithms. 

2-7182818284. 

1 .1111. 

='^■* = 12-1 + 14-11^. 

. 

log, (71 + 1)-log, n 

j m-1 l/TTi-iy 1 
I 7/i + 1 ^ 3\7/i, +1/ ^G 

^ — lotr. = 2 5 -1-L 

ij V 
..I 

(2n4 l^:i(2n + iy*^5(2rj + l)'' 

r 1 1 1 
logic (n +1) - logic n = 2m I -1 3(2n fT)« B{2n + l)^ + * 

TRIGONOMETRY. 

Measurement of Angles. 

In Sexaf/esimal Measure^ one right angle = 90 degrees, one 
degree-()6 minutes, and one minute=6() seconds. 

In Jladiun or Circular Measure^ an angle is measured by the 

n=:number of degrees in angle A. 
<? = circular measure of angle A, 
7r=: ratio of half the circumference of a circle 

to its radius, 
= circular measure of an angle of 180 degrees 

— 3*1410 nearly. 
(For functions of tt, see pp. 139 and 140.) 

n ^9 

180“* 5^* 
n= 

TT 
= 57-2958^. 

^ irn 

^=180 
= -0174C3«. 

Trigonometrical Ratioa 

Angle A is contained 1^ the linos OP and OX 
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PN is perpendicular to OX, 
PN is positive (4 ) when it is above OX. 
PN is negative ( - ) when it is below OX. 
ON is positive ( f) when it is to the right of 0, 
ON is negative ( - ) when it is to the left of O. 
OP is always positive (4-). 

sine A — sin A = 
PN 

OP' 
cosine A =cos A — 

cosecant A — cosec A = 

PN 
tangent A — tan A — 

OP 

pxr 
OP 

secant A ~ sec A - 

ON 
cotangent 4 = cot A=py^ 

versed sine ^ = vers -4=1- cos A. 
coversed sine -4 = covers -4 = 1- sin A. 

Trigonometrical Formulee. 

cosec A — 
1 

sin A’ 
sec A — 

1 

cos A 

sin ^ 1 cos A 1 
tan — cot ~sinil“tan^* 

sin^^ 4 cosM = 1. 

sec^4 = 1 4 tan24. 

sin (360“ -4) = -sin 4. 
tan (360“ -4) = - tan 4. 
sin (180“ -4) = sin 4. 
tan (180“ -4) = -tan 4. 
sin (180“ 44) = - sin 4. 
tan (180“ 44) = tan 4. 
sin ( 90“ -4) = cos 4. 
tan ( 90“ -4) = cot 4. 
sin ( 90“ 44) = cos 4, 
tan ( 90“ 44) = - cot 4. 

cosec^-4 = 1 4- cot^i. 

cos (360° - ^) = cos A. 
cot (360° — A ) — — cot A. 
cos (180°- -4)= - cos A 
cot (180° - -4) = - cot A, 
cos (180°4-^) = - cos A, 
cot (180°-f ^) = cot A. 
cos ( 90“ - =sin A. 
cot ( 90“ - -4) =tan A. 
cos ( 90“ 4- -4) = ~ sin -4. 
cot ( 90“4-^)=-tan 4i. 

sin (-4 + ^) = sin A cos B 4- cos A sin B, 
sin (\4 ~-5) = sin A cos i?-cos A sin B. 
cos (4 4 -S) = cos A cos B - sin A sin B. 
oofl (-4 - -S) = cos A cos 4 sin A sin B. 

tan (44-8) = 
tan 4 4 tan B 

1 - tan 4 tan Pi 

tan (41-*8)= 
tan 4 - tan B 

l4tan A tan 
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sin 2^ = 2 sin A cos J. 
cos 2A = cos'^ A - sin- A = 2 cos^ xl - 1 = 1 - 2 sin^ A, 

tan 2A = 
2 tan A 

1 - tan^ A 

2 Ian A 
sin 2A ^YVtauKi- COS 2A = 

1 - tan'-^ A 
14- tan-Jl* 

sin A A = sin A - 4 sin^ A. 
cos 84 =- i cos‘*4 - 3 cos A. 

3 tan 4-tan*4 
tan 3.4= xnuSTM'’ 

sin (4 + B) sin (4 - i9) = sin- 4 - sin* B - cos" B-cos^ A, 
cos (4 i-B) cos (4 - —cos-4-sin‘'^ cos-/i-810^4. 

4 — 
sin ± \/i(l - cos 4). 

4 
cos -ey - ± Vill i' ^ )• 

. A A 
sin -5-+ cos 2 

. 4 4 
sin -g - cos ^ 

4 sin 4 
2^'1+cosT 

— ± -i-sin 4. 

= ± Vl “Sin 4, 

2 sin A cos 5=sin (4 4- B) 4* sin (4 - B). 
2 cos 4 sin j8=sin (4 4- i5) - sin (4 - B), 
2 cos 4 cos B~cos (4 f j?) f cos (4 - i?). 

-2 sin 4 sin B~cos (4 + .B) - cos (4 - B), 

•A . n n • ^ A-B Sin 4 4-sinif-2sin — cos • 

. , . z> o ^ + ^ . A ~B sin 4 - sm B=2cos - sin ^—. 

. rjft 44-^5 A — B 
cos 4 4-cos jB=: 2 cos --g—cos- 2—• 

. „ ft . AaB . 4-if 
008 4 - 00s B= - 2 sin ^— sin 

2 
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a, by and c are the sides of a triangle, and Ay By and C are the 
opposite angles. 

a c^2s .H 
a b c 

bin A~sin /if"“sin O 

a2 f)‘2 ^ f.2 _ 21j(; cos A. 

^ _ /(» ''')(« 
*'■'2 V Ac 

/s s a) 

““2- V • 
2 __ 

bin A - ^^s{s a) [s -b){s 

a — h cos C \-c cos B. 

f*'- a- 

'' 2hr 
COS A - 

V n{8~a) 

-c). 

A - B a h C 
tan I cot 

Area of tiiangl(‘ A-./c sin A—- a) (.«? - A) (s c). 

R - radius of the circumscnbing circle of a triangle. 
r ~ radius of the inscribed circle. 
rj —radius of the escribed circle which touches the side a and 

the sides h and c produced. 
rj —radius of the escribed circle which touches the side 6 and 

the sides c and a produced 
^3 = radius of the escribed (drcle which touches the side c and 

the sides a and b produced. 

a abc 2A A , , /I 
■"2 sin 4A ’ r = - 

a lA)r=, =(*-'*) t“"2- 

A A A 
ri — r-3- 

s-a s - b 8 - C 

A B 0 
ri = s tan ^ • ?*2 = stall 2* 7*3-Stan 2* 

I = length of each side of a regular pol5"gon. 
n = number of sides. 
R = radius of the circumscribing circle. 
r =iadius of the inscribed circle. 

Ig0“ 180** 
Perimeter of polygon=nZ = 2nr tan 2nR sin • 

180** 
Area of polygon = cot ^ 

180 

‘=nHtaii 
180" 1 

f=»2rtan- =2/2 sin 
ISO** 

360” 
n 
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Solution of Triangles 
In tlie figures the given parts are shown by thick lines. 

The three sides given 

ta„^= /(’-*)(» 
2 V «(« a) ■ 

c2 a- 1 1 
or cos A= 2^^ . Similarly B I 

IS cletei mined, and (7=180'’-(^ +i?) 

Two angles and a side given. 
6^). 

^ sin C 
~ sin .4 * sin A 

Two sides and the included angle 
given. 

tan ^{A - cot J(7. 

I A B)~W-\C, From the values 
of \{A~B) and \{A f B), A and B 

_ . , a sm 6' 
aie determined, c= . • 

’ sin A 

Two sides and the angle opposite to 
one of them given. 

Case I 6 not less than a. One 
w 1 , ^ asm B 

solution only. sin ^4 =—^ — 

C7=180“-(.^-) 5) 
Bin A 

TT a sin B 
Case IL —^—~1. One solu¬ 

tion only. 
A = 9(n 90* - i?. c=a sin C, 

Case 111 b less than a, 
a 

and j sin B less than 1. Two solutions. 

a sin B 
sin • ^3=180*~i4i. 

JB). ai=180“-(^2+^). 
a sin Cl a sin €% 
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Sines, Cosines, Tangents, and Cotangents. 

Angle Angle 1 
in I)e- Sine. Tangent in De Sine. , Tangent, i 
gi'ces greeb 1 

0 •O(XXX) •(XK)00 90 20 "^^4202 •3f>397 1 70 
0*5 •00873 ■00873 89*5 20 5 •35021 •37388 1 69-5 
1 •01745 •01746 89 21 •35837 •3838(; 1 69 
1*5 •02618 •02619 88-5 21 -5 •36650 •39391 i 68-5 
2 •03490 •03492 88 22 •37461 •40403 68 
2*5 •04362 •04366 87-5 22-5 •38268 41421 67-6 
a •05234 •05241 87 23 •39073 *42447 67 
a-5 •06105 •06116 86-5 23 5 •39875 •43481 66-5 
4 •06976 •06993 86 24 •40674 •44523 66 
4-5 •07846 •07870 85-5 24-5 •41469 •45573 65*5 
5 •08716 •08749 85 25 •42262 •46631 65 
5*5 •09585 •09629 84-5 25-5 •43051 •47698 64-5 
6 •10453 •10510 84 26 •43837 •48773 64 
6-5 •11320 •11394 83-5 26-5 •44620 •49858 63*5 
7 •12187 •12278 83 27 •45399 •60953 63 
7-5 •13053 •13165 82-5 27*5 •46175 •52057 62-5 
8 •13917 •14054 82 28 •46947 *63171 62 
8-5 •14781 •14945 81-5 28-5 •47716 •54296 61*5 
9 •15643 •15838 81 29 •48481 •55431 61 
9-6 •16505 •16734 80 5 29-5 •49242 •56577 60-5 

10 •17365 i •17633 80 30 ^ ! -SCXXX) •57735 60 
10 5 18224 , •18534 79*5 30-5 i •50754 •58906 59‘5 
11 j •19081 j •19438 79 31 •51504 •60086 59 
11*6 1 •19937 I •20345 78-6 31-5 ' -52250 •61280 58-5 
12 j •20791 1 •21266 78 32 1 -52992 •62487 68 
12-6 I •21644 •22169 77-5 32-5 •53730 •63707 67-5 
13 1 •22495 •23087 77 33 , 64464 •64941 67 
13-5 •23345 I •24008 76-5 33*5 •55194 •66189 66-6 
14 •24192 •24933 76 34 •56919 •67451 56 
14’5 •25038 ' -26862 75-6 34-5 ' *56641 •68728 55-5 
15 •25882 ' *26796 75 35 •57358 •70021 55 
15-5 •26724 1 *27732 74 5 35*5 •68070 •71329 ! 64*6 
16 •27564 1 -28675 74 36 •58779 •72664 ! 64 
16*5 •28402 1 -29621 73*5 36-6 •69482 •73996 53*5 
17 •29237 •30673 73 37 •60182 •76365 ! 63 
17*5 •30071 1 -31630 72-5 37*5 •60876 •76733 52-5 
18 i •30902 •32492 72 38 •61666 •78129 i 62 
18-5 1 •31730 •33460 71 -6 38-6 •62251 •79544 j 61-6 
19 1 •32567 •34433 71 39 •62932 •80978 1 61 
19*6 1 •33381 •36412 70-5 39-6 •63608 •82434 60*6 

CkMfne. Cotan¬ 
gent. grees 

Cosine. | Cotan¬ 
gent. 

Angle ‘ 
in De- 
gfees. 
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Sines, Cosines, Tangents, and Cotangents. 

Angle 1 Angle 
in De- Sine. Tiingent. in Be- Sine. Tangent 
grees. 1 grees. 

40 1 •(54279 1 *83910 50 60 *86603 1 1 /3205 30 
40-5 1 *61945 •85108 19 5 60*5 •87036 1*76749 29*5 
41 •65G0G ■86929 49 61 *87462 1*80405 29 
41-5 •GG2G2 •88173 48-5 61 ‘5 •87882 1 84177 28*5 
42 •GG913 *90040 48 62 *88295 1 88073 28 
42 5 1 *67559 *91633 47*5 62*5 88701 1*92098 27*5 
43 ' *68200 •93252 47 63 •89101 1'96261 27 
43*5 *68835 *94896 46*5 63*5 •89493 2*00569 26*5 
44 ! *69466 *96569 46 64 •89879 2 •05030 26 
44-5 1 *70091 *98270 45*5 64 5 *90259 2*09654 25 5 
45 ' *70711 i-ooooo 45 65 *90631 2*14451 25 
45'5 •71325 1*01761 44 5 65 *5 *90996 2*19430 24*5 
4(> ' -TlitSl 1 *03553 14 66 *913,55 2*24604 24 
46*5 ' *72537 1 05378 43*5 66*5 •91706 2*29984 23*5 
47 j *73135 1 *07237 43 67 •92050 2*35585 23 
47 5 ' *73728 i-(nn3i ' 42*5 67*5 •9238H 2*41421 22*5 
48 *71314 1*11061 I 42 68 •92718 2*47509 22 
48'5 , *74896 1 13029' 41*5 68*5 93042 2*53865 21 *5 
49 '75471 1 150.57 41 69 •93358 2*60509 21 
49 6 •76041 1*17085 40*5 69*5 •93667 2*67462 20*5 
50 *76604 1*19175 40 70 93969 2*74748 20 
50-5 t *77162 1*21310 39'5 70*5 •94264 2*82391 19*5 
51 1 *77715 1 *23490 39 71 *94552 2*90421 19 
51-5 1 '78261 1*25717 38*5 71 *5 •94832 2*98868 18*5 
52 1 *78801 j 1*27994 38 72 •95106 3*07768 18 
52 5 , *79335 1 *30323 ' 37*5 72*5 •95372 3*17159 17 6 
53 1 '79864 1 32704 J 37 73 *95630 3*27085 17 
63-5 1 *80386 1*35142 1 36*5 73*5 •95882 3*37594 1 16*6 
54 1 *80902 1 *37638 36 74 *96126 3*48741 16 
54-5 ' *81412 1*401951 35 5 74*5 •96363 3*60588 15*5 
55 , *819i5 1*42815 35 75 *96593 3*73205 15 
65-5 •82413 1 *45501 34*5 75*5 *96815 3*86671 14*6 
56 ' *82904 1 *48256 34 76 •97030 4*01078 14 
56-5 •83389 1 *51084 33 5 76*5 •97237 4*16530 13*5 ' 
67 *83867 1*53987 33 77 *97437 4*33148 13 t 
57-6 •84339 1 *56969 32*5 77*5 •97630 4*51071 12*5 
68 *84805 1 *60033 32 78 •97815 4*70468 12 
58-5 *85264 1*63185 31*5 78*5 *97992 4*91516 11*6 
69 *85717 1 66428 31 79 *98163 6 14466 11 
69-6 •86163 1 -69766 30*5 79*5 •98325 6*39562 10*6 

1 Coaine. Cotan¬ 
gent. 

Angle 
in Be- 
greea. 

Cosine, j Cotan¬ 
gent. 

Angle 
in De¬ 
grees. 
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SineB, Gosines, Tangents, and Coi^angents. 
Angle 
in Be 
gieer 

80 

8ine. 

•9848r 

Tangent 

~5 67128 10 

Angle 
in Be 
grees. 

85*5 

Sine. 

•99692 

Tangent 

12-70620 4-5 
80-5 •98629 5-97576 9 5 86 99756 14-3C067 4 
81 •98769 6*31375 9 86-5 99813 16-34985 3-5 
81-5 •98902 6-69116 8-5 87 •99863 19 08114 3 
82 •99027 7-11537 8 87-5 99905 22*90377 2*5 
82 5 •99144 7 59575 7*5 88 •99939 28-63625 2 
83 •99255 8*11435 i ^ 88-5 ' *99966 38-18846 1 
83’5 •99357 ' 8*77689 6 5 89 •99985 57*28996 1 ' 
84 •99452 i 9 51436 ' 6 S9-5 •99996 114 58865 1 0-5 
84'5 •99540 10-38540 , 1 5-5 90 1-(X)000 Infinite 0 1 
85 •99619 I 

Cosine 

11-43005 ' 

Cotangent 1 

5 
Angle 
in I)e- 
grees 

Cosine. 
i~~ 
j Cotangent. 

1 

Angle 
in Be- 

1 grees. 

Trigonometrical Katios of Certain Angles. 
A Angle in degrees 

A I Sine Cosecant Tangent. 

15 
'2^2 4 

18 
4 

30 
1 
2 

36 
v(10- 

4 

45 

54 

1 ^2 
V2 "2 

V5+1 
4 

60 1 2 
1 

72 
V(10 + 2^/5) 

4 

75 
\/3 +1 y/6 + \/2 
2^2 - 4 

7"! Cosine. 

O /9 
2- ^/li 75 

1 /^^J 
iV « 

72 
1 

o 1 1 ^'3 
60 

4 /10 + 2J5 
54 

1 
V(10-2V5) V 5 V5-2^/6 

V2 1 145 1 
l5 + 2^fo 

V s 

! 

36 

2 2 ^/3 
3 v/3 30 

4 /10-2;^/5 
«y5 + 2;^'5 18 V{10 + 2;^/f.) 'sj 5 

2+;^3 15 

Secant. Cotangent. "aT 

1 

The trigonometrical ratios of angles greater than 90° are found 
by means of the formulte on page 41, and the values given in the 
above tables. 
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Measurement of Angles by ‘‘Two-Foot” Bul& 

Angle A in Degrees and Decimals op a Degree. 

•0 >4 1 Vs Va b1 

0 _ 6 1 2 IS i 24 3*0 3*6 4*2 0 
1 4-8 54 6 0 1 6*6 1 7*2 7*8 8*4 9*0 1 
2 9*6 10-2 10*8 il’4 , 12*0 12 6 13*2 13*8 2 
3 14-4 15-0 15*6 16*2 16*8 17*4 18*0 18*6 3 
4 19-2 19-8 20*4 21*0 21*6 22*2 22*8 23*4 4 

5 241 24*7 25-3 25*9 26*6 27*1 27*7 28*3 5 
6 29 0 29*6 30*2 30*8 31*4 32*0 32*7 33*3 6 
7 33 9 34*5 35*2 35*8 36*4 37*0 37*7 38*3 7 
8 38-9 39*6 40*2 40'8 41*5 42*1 42*8 43*4 8 

9 44*0 44*7 45*3 46*0 46*6 47*3 47*9 48*6 9 
10 49*2 49*9 50'6 51*2 51*9 52*6 1 53*2 63*9 10 
11 54*6 65*2 55*9 56*6 57 3 57*9 58*6 59*3 11 
12 60-0 60*7 61-4 62*1 62*8 63*6 64*2 64*9 12 

13 65*6 66*3 67-0 67*7 68*5 69*2 69*9 70*6 13 
14 71*4 72*1 72*8 73*6 74*3 75*1 76*8 76*6 14 
16 77*4 78*1 78*9 79*7 80*5 81*2 82*0 82*8 16 
16 83*6 84*4 86*2 86*0 86*9 87*7 88-5 89*4 16 

B *0 y4 H H H B 
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LOGARITHMS OF NUMBERS. 

Logarithms are auxiliary numbers, by means of which the 
simple operations of addition and subtraction may be sub¬ 
stituted for the more cumbrous operations of multiplication 
and division, and easy cases of multiplication and division for 
involution and evolution. 

The logarithm of a number to a given base is the index of the 
power to which the base must be raised to be equal to the 
number. Thus, if a^~-N, then x is the logarithm of N to the 
base a. 

There are two systems of logarithms m use, namely, the 
cMnmmi syatem, in which the base is 10, and the Napierian aystem^ 
in which the base (denoted by r) is 2-71.S28182H . Napierian 
logarithms are also called natural and also Jlt/perholic loga¬ 
rithms. 

When logarithms are spoken of without any qualification, 
common logarithms are to be understood. 

The logaiithm of a number usually consi.sts of two parts, 
namely, an integial part and a fractional part ; thu.s log. 
789 2*897077. The integral part is called the charactei istic, and 
the fractional part is called the m/jntusa, Tims the charac¬ 
teristic of the logarithm of 789 is 2, and the mantissa is *897077. 

The characteristic of the logarithm of a number is determined 
by inspection. The rules for ibe characteristic aie : (1) If the 
number has an integral part, the characteristic is one less than 
the number of figures in the integral part, and it is positive. 
Thus the characteristic of the logarithm of C873 L5 is 3. (2.) 
If the number i.s wholly a decimal, the characteristic is one 
more than the number of noughts to the right of the decimal 
j)oint, and is negative. Thus the characteristic of the logarithm 
of *00567 is - 3, and is written 3. 

The mantissa of the logarithm of a number depends only on 
the figures which occur in the number and their order, and is 
independent of the position of the decimal point. The mantissa 
ts always positive. 

The above rules for the characteristic and mantissa do not 
^PP^y to Napierian logarithms. 

In tables of common logarithms of numbers the mantissaa or 
decimal parts only of the logarithms are given. 

Examples. 

log. 7391 =3 *868703 log. *7391 =1*868703 
log. 739100=5*868703 log. *07391 =r2‘868703 
log. 739*] rr2 868703 log, *007391 =3*868703 
log, 73*91 =1*868703 log. *0007391 =4*868703 

log. 7*391 =0*868703 log, *00007391=6*868703 
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Computation of Negative Characteristics. 

To add two najath^e charactfristics, take their sum and make it 
negative. Thus 5 ^ 2 — 7- 

lb add a positive to a negative characteristic take their differ¬ 
ence and make its sign the sign of the greater; thus, 3 1-5 = 2, 
and 8 f 5 = 2. 

Examples on the Addition of Logarithms. 

(i) (2) (8) (4) 
To 8ir)S912 l-51t;0S9 

Add 4;tL^)o 8-3015r)2 

Answer 7-77H717 2‘hl7G51 

2183720 2-69185G 
3’999]]S 4-7G48G5 

'4-188838 1*456721 

In exainjdes (3) and (4) the sum of the decimal parts is greater 
than 1, and the integral part of this sum, which is positive, is 
added to the sum of the characteristic^. 

To subtract a mgative characteristic, change its sign to plus and 
proceed as in addition; thus, 1- 3 = 4-i 3 = 7, and 1 - 3 = 4-83 = 1. 

To subtract a positive characteristic, change its sign to minus and 
proceed as in addition ; thus, 4 - 3- 4 8 3= 1, and 4 - 3 = 4-83 = 7, 

Examples on Subtraction op Logarithms. 

(1) 
From 3*161735 
Take T'214809 

Answer 4*246926 

In examples (2) and (3) the lower decimal part is greater than 
the upper decimal part, hence 1 is borrowed from the upper 
characteristic, causing the characteristic 4 in example (2) to 
become 5, and the characteristic 2 in example (3) to become 3, 

To multiply a negative characteristic, multiply as if positive and 
make the product negative ; thus, 2x3 = 6. 

(2) (3) 
4*513829 2*685609 
2*608051 3*776152 

,3*905778 6*909457 

Examples on Multiplication op Logarithms. 

(1) (2) 
Multiply 2-310311 1*810698 
By 3  6 

Answer 6*930933 ?*864188 

In example (2) the decimal part multiplied by 6 gives 4 and a 
decimal, and this 4 is added to 6 x 1, thus 6xr-f4=s:64‘4»:2. 
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To divide a loijarithm having a negative characteristic.—If the 
characteristic is divisible the divisor without a remainder, 
write the quotient with a negative sign and divide the decimal 
part in the usual way; thus, ^*458938-^2-o’2294G9. If the 
characteristic is not divisible by the divisor without a lemainder, 
add such a negative number to it as will make it divisible without 
a remainder and pietix an equal positive number to the decimal 
part of the logarithm, then divide the increased negative chai- 
acteristic and the other part of the logarithm separately; thus, 
7-]35718-f-3=r(24-7 + 2-i:i5718)-: 3^(9 ^ 2*135718)-3-:.3-7119()(). 

To find the Logarithm of a Number by the Tables. 

If the number contains oat, or two fyiiris only, the mantissa 
of its logarithm will be found on jiage 53, and to this mu^t be 
prefixed the proper characteristic by the rules already given ; 
thus, log. 87 = 1*939519, log. 8*7^ 0*939519, log. -87 = 1 939519, and 
log *087 = 2 939519. 

If the number contains thne Jig ares, the mantissa of its loga¬ 
rithm will bo found in the column beaded t) in the table given 
on pages 54 to 98 ; thus, log. 519 ~ 2*739572, log. 51900=:-4*739572, 
and log. *00549 = 3*739572. 

If the number contains four figures, the mantis.sa of its loga¬ 
rithm will be found in tlie column headed by the last figure of 
the number, and in a line with the finst thiee figures of the 
number to be found in the column headed N ; thus, log. 
3865 = 3*587149, and log. 38*65= 1*587149. 

If the number contains more than four figures, its logarithm 
is determined by assuming that the increase in the logarithm is 
proportional to the corresponding increase in the number, which 
is approximately the case. 

Example.*—To find the logarithm of 689412. 

N. Ix)g, 
G895(K) 838534 689412 838471 I r 
689400 838471 689400 838471 

Diff. 3(H) Difr.63 Diff 12 Difit. .r 

100 : 12 : ; 63 : a;. 

c = - 7-66, saj 8. 838471 + 8 = 838479. 

Therefore log. 689412 = 6-838479. 
In practice the above calculation is abbreviated by taking the 

difference between the logarithms from the column headed D 
in the table. 



To find the Number corresponding to a given 
Logarithm. 

If the mantissa is found in the table, the first three figures of 
the number will be found in a line with it in the column headed 
N, and the fourth figure will be that at the head of the column 
containing the mantissa. The characteristic will fix the position 
of the decimal point. 

If the mantissa is not found exactly in the table, proceed as in 
the following example :— 

Example.—To find the number corresponding to the loga¬ 
rithm 2 027529. 

Log N. Log. N. 

027757 Umm 027529 10G5004a; 
027350 lOOSCKl 027350 106500 

Diff.407 Diff.KK) Diff. 179 Ditf.x 

407 : 179 ; : 1(K) : x. 
179 X100 

X— =44 very nearly. 1065004-44 = 106544. 

Therefore, the number corresponding to the logarithm 2*027529 
is 106*544. 

Applications of Logarithms. 

MuUipliciUi-on.—The logarithm of a product is equal to the 
sum of the logarithms of its factors; thus, log. (dxi?xC') = 
log. A 4- log. B + log. C. 

Example,—To find the product of 853*7, 99*18, and 6*437. 

log. 853*7 =2-931305 
log. 99*18 =1-996424 
log. 6-437 = 0-808684 

log of product = 5-736413. Product = 545020. 

Division.—The logarithm of a quotient is equal to the loga¬ 
rithm of the dividend diminished by the logarithm of the 

divisor; thus, log. g = log. A - log. B. 

™ rr ^ 1 ,87-65x3914 
Example.— To find the value of 

log. 87-65 = 1-942752 log. 8733=3*941163 
log. 3914 = 3-592621 log. 47-19 = 1*673860 

log. of dividend= 5*535373 log. of divisor=5•616018 
log. of divisor =6*615013 

log. of quotient = I*920360 quotient=*83246 



/Tivo/w<ton.—The logarithm of a power of a number is equal to 
the logarithm of the number multiplied by the index of the 
power ; thus, log. log A. 

Example. -To find the fourth powei of 8 79. 
log. S 79"* = 1 log. 8 79“- lx 918989^3-7759.% 

8 79‘‘=r 5909-7. 
Evolution. -The logarithm of a root of a number is equal to 

the logarithm of the number divided by the index of the root; 

thus, log. ““ • 

Example.—To find the cube root of 2998. 

3 

log. 2998 3 470832 
log. 4/2998- ^ 

4/2998-14-419 
To find X frmn the equation a^- 

X log. a —log. h. 

-1 158944. 

5, where a and h ace Jcnoun numbers, 

log. b 

'log. a 

Logarithms of Numbers. 

N 1 I^>g N 1 N bog N bug 

1 1 000000 2() ~414973 
_5^__ 

70757(7 76 880814 
2 301030 27 1 431364 62 71()(KM 77 886491 
3 477121 28 447158 53 724276 78 892095 
4 602060 29 1 462;«)8 54 732394 79 897627 

, 5 698970 30 477121 55 740363 80 903090 

6 778161 31 1 491362 56 1 718188 908485 
7 845098 32 j 505150 57 1 755875 

1 
82 913814 

8 903090 33 1 518514 58 763428 83 i : 919078 
1 9 954243 34 i 531479 59 770852 84 ! 1 924279 

10 000000 35 644068 60 778151 85 929419 

1 11 041393 36 556303 61 785330 86 1 934498 
1 12 079181 37 568202 62 792392 87 939519 

13 113943 38 579784 (>3 799341 88 944483 
14 146128 39 591065 64 806180 89 ' 949390 
15 176091 40 602060 65 i 812913 90 954243 

16 i 204120 41 612784 66 1 819544 91 959041 
17 230449 42 623249 67 826075 92 963788 

266273 43 633468 68 832509 93 968483 
' 19 ; 278764 44 i ^43453 69 838849 94 973128 

20 301030 45 653213 70 845098 95 977724 

21 322219 46 662758 71 851258 96 : 982271 
22 i 342423 47 672098 72 857332 97 986772 
23 1 361728 48 681241 73 863323 98 991226 
24 1 380211 49 690196 74 ; 869232 99 995635 
25 1 897940 50 698970 76 1 876061 100 ' 000000 
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Hyperbolic or Napierian Logarithms of Numbers. 

N Log N Log. N L)g. N Log. 

]*01 •0099 1-41 •3436 1-81 5933 2-21 •7930 
1'02 •0198 1-42 •3507 1-82 •5988 2-22 •7975 
1'03 •029() 1-43 •3577 1-83 •6043 2-23 •8020 
1-04 •0392 1-44 •3646 1-84 •6098 2 24 •8065 
1*05 •0488 1-45 •3716 1-85 •6152 2-25 •8109 

1-06 •0583 1-46 •3784 1-86 •6206 2-26 •8154 
1-07 •OG77 1*47 •3853 1-87 •6259 2-27 •8198 
1-08 •0770 1-48 •3920 1-88 •6313 2-28 •8242 
1*09 •0862 1 49 •3988 1-89 •6366 2*29 •8286 
1-10 •0953 1-50 •4055 1-90 •6419 2*30 •8329 

rii •1044 1 51 •4121 1-91 •6471 2*31 •8372 
M2 •1133 1-52 •4187 1-92 •6523 2-32 •8416 
M3 •1222 1*53 •4253 1-93 •6575 2-33 •8459 
M4 •1310 1*54 •4318 1 94 •6627 2-34 •8502 
liS •1398 1-55 •4383 1-95 •0678 2-35 •8544 

M6 •1484 1-56 •4447 1-96 •6729 2 36 8587 
1*17 •1570 1T.7 •4511 197 •6780 2*37 •8629 
M8 •1655 1-58 •4574 1*98 •6831 2 38 •8671 
M9 •1740 1-59 •4637 1-99 •6881 2-39 •8713 
1*20 •1823 1-60 •4700 2-00 6931 2-40 •8755 

r2i •1906 1-61 •4762 2*01 •(‘>981 2-41 •8796 
1-22 •1988 1*62 •4824 2-02 •7031 2-42 •8838 
1-23 •2070 1-63 •1886 2-03 •7080 2 43 •8879 
1-24 2151 1-64 •4947 2-04 •7129 2-44 •8920 
1*25 •2231 1-05 •5008 2 05 •7178 2-45 •8961 

1-26 •2311 1-66 •5068 2-06 •7227 2-46 •9002 
1’27 •2390 1-67 •5128 2-07 •7275 2-47 •9042 
1-28 •2469 1-68 •5188 2-08 •7324 2-48 •9083 
1*29 •2546 1-69 •5247 2-09 •7372 2*49 •9123 
1*30 •2624 1-70 •5306 2-10 •7419 [ 2-50 •9163 

1*31 •2700 1-71 •5365 2-11 •7467 2 51 *9203 
1*32 •2776 1-72 •5423 2-12 •7514 i 2*52 •9243 
1*33 •2852 1-73 •5481 213 •7561 1 2-53 •9282 
1*34 •2927 1-74 •5539 2-14 •7608 i 2-54 •9322 
1*36 •3001 1-75 •5596 2-15 •7655 2-66 •9361 

1*36 •3075 1-76 •5653 2-16 •7701 2*56 •9400 
1-87 •3148 1-77 •5710 217 •7747 2-57 •9439 
1*88 •3221 1-78 •5766 2*18 •7793 2*58 •9478 
vm •3293 1-79 *6822 2*19 •7839 2*59 *9517 
1*40 •8366 1-80 •6878 2*20 •7886 2*60 *9655 
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HyperboMb liOgarithms {contmued). 

N Log N j Log. N Log. N Log. 

2-61 ■9594 3-01 1-1019 3-41 1-2267 3 81 1-3376 
2-62 •9G32 3-02 1-1053 3-42 1-2296 3-82 1-3403 
2-63 •9070 3-03 1*1086 3-43 1-2326 3-83 1 3429 
2-64 •9708 3-04 1-1119 3-44 1-2355 3-84 1-3455 
2-65 •9746 3-05 1-1151 3-45 1-2384 3-85 1-3481 

2*66 •9783 3-06 1-1184 3-46 1-2413 3-86 1-3507 
2-67 •9821 3-07 1 1217 3-47 1-2442 3-87 1-3533 
2‘()8 •9858 3-08 1-1219 3-48 1*2170 3-88 1-3568 
2-69 •9895 3 09 1-1282 3-49 1-2499 3-89 1-3584 
2-70 •9933 3-10 1-1314 3-50 1*2528 3-90 1-3610 

2*71 •9969 3 11 1-1346 3-51 1*2556 3 91 1-3636 
2-72 J -OIXIG 3 12 1-1378 3-52 1-2585 3-92 1-3661 
2-73 1-0043 3-13 1-1110 3-53 1-2613 3-93 1-3686 
2*71 1-0080 3-14 1-1442 3 54 1 2641 3-94 1-3712 
2-75 1-0116 3-15 1-1474 3-55 1-2669 3-95 1-3737 

2-76 1 -0152 3-16 1-1506 3-56 1-2698 3-96 1-3762 
2-77 1-0188 3-17 1-1537 3 57 1-2726 3-97 1-3788 
2 78 1-0225 3-18 ) ISC.!* 3-58 1-2754 3 98 1-3813 
2-79 1-0260 3-19 1-1600 3-59 1-2782 3-99 1-3838 
2*80 1-0296 3-20 1 1632 3-60 1-2809 400 1-3863 

2-81 1-0332 3-21 1-1663 3 61 1-2837 4-01 1*3888 
2-82 1-0367 3-22 1-1694 3-62 i 1-2865 4-02 1-3913 
2*83 1-0403 3-23 1-1725 3-63 1-2892 4-03 1-3938 
2-84 1-0438 3-24 1-1756 3-64 1 2920 4-04 1-3962 
2*85 1*0473 3-25 1-1787 3-65 1-2947 4-05 1*3987 

2-86 1-0508 3-26 1-1817 3-66 1-2975 4-06 1*4012 
2*87 1-0543 3-27 1-1848 3 67 1-3(X)2 4-07 1*4036 
2-88 1-0578 3-28 1-1878 3-68 1-3029 4-08 1*4061 
2-89 1 -0613 3 29 1 1909 3-69 1-3066 4-09 1*4086 
2-90 1-0647 3-30 1-1939 3-70 1-3083 4-10 1*4110 

2-91 1*0682 3-31 1-1969 3*71 1-3110 4-11 1*4134 
2*92 1-0716 3-32 1-2000 3-72 1-3137 4-12 1*4169 
2*93 1-0750 3*33 1-2030 3*73 1-3164 4-13 1*4183 
2-94 1-0784 3*34 1-2060 3-74 1-3191 4-14 1*4207 
2*95 10818 3-35 1-2090 3*75 1-3218 4-15 1*4231 

2*96 1-0862 3-36 1-2119 3-76 1-3244 4-16 1*4265 
2*97 1-0886 3-87 1-2149 3*77 1-3271 4*17 1*4279 
2*98 1*0919 3*38 i-2179 3*78 1-3297 4*18 Vim 
2*99 1*0963 3*39 1*2208 3*79 1*3324 4*19 1*4327 
a<x) 1D986 3*40 1*2238 8*80 1-3360 4-20 ^ vmi 
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Hyperbolic Logarithme {continued). 

N Log. N Log. N Log. N Log. 

4-21 1*4375 4*61 1*5282 5 01 1*6114 5 41 1 6882 
4*22 1*4398 1*02 1 *5304 5*02 1 6134 5*42 1 6901 
4*28 1*4422 4 03 1*5326 5*03 1*6154 5*43 1 *6919 

{ 4-24 1*4440 4*04 1*5347 5*04 1*6174 5*44 1*6938 
' 4*25 1-44(19 4*05 1*5369 505 1*6194 5*45 1*6956 

4 26 , 1*4493 4*06 1*5390 5*0(; 1*0214 5*46 1 6974 
4*27 1*4510 4*07 1*5412 5*07 1*6233 5*47 1*6993 
4-28 1*4540 4 08 1*5433 5*08 1*6253 5*48 1*7011 
4 2!r 1*4503 4*09 1*5454 5*09 1*6273 5*49 1 7029 
4 30 , 1*4580 4 70 1*5476 5*10 1*6292 5*50 1*7047 

4-31 1 *4009 4*71 1*5497 5*11 1*0312 5*51 1*7066 
1*32 1*4033 4*72 1-G51H 5*12 1 *6332 5*52 1*7084 
4-33 1*4050 4*73 1 5539 5*13 1*6351 5 53 1*7102 
4'34 1*4079 4*74 1*5500 5*14 1 6371 5*54 17120 
4*35 1*4702 4*75 1*5581 5 15 1 6390 5*55 1*7138 

4*36 1*4725 4*76 1*5002 5*16 1*6409 5*56 1*7156 
4*37 1*4748 4*77 1*5623 5*17 1*6429 5*57 1*7174 
4*38 1*4770 1*78 1*5641 5*18 1 0448 5*58 1*7192 
4*39 1*4793 4*79 1 *5065 5*19 1*6467 5*59 1*7210 
4*40 1*4810 4*80 1*5680 5 20 1*6487 5*60 1*7228 

4*41 1*4839 4*81 1*6707 5*21 1*6506 5*61 1*7246 
4*42 ' 1*4801 4*82 1*5728 5*22 J *6525 5*62 i 1*7263 
4-43 1 1*4884 4*83 1*5748 5*23 1 0514 5*63 3*7281 
4*44 1*4907 4*84 1*5769 5*24 1 *6503 5*64 j 1*7299 
4*45 1*4929 4*85 1*5790 5*25 1*6582 5*65 1 1*7317 

4*46 1*4951 4*86 1-5810 5*26 1 6601 5*66 1 7334 
4*47 1*4974 4*87 1*5831 5*27 1*6620 5*67 1 1*7352 
4*48 1*4996 4*88 1*6851 5*28 ; 1*6639 5*68 ' 1*7370 
4*49 1*5019 4*89 ! 1*5872 5*29 1 ; 1*6658 5*69 j i 1 7387 
4*50 1*5041 4*90 1*5892 5*30 ] 1*6677 5*70 1*7405 

4*51 1*5063 4*91 1-5913 5*31 1 ! 1*6696 5*71 1*7422 
4*62 1*5085 4*92 1*5933 5*32 1 [ 1*6715 5*72 1*7440 
4*53 1*5107 4*93 1*5953 6*33 i 1*6734 5*73 1 1*7457 
4*54 1*6129 4*94 1*5974 5*34 1 1*6752 6*74 1 1*7475 
4*66 1*5151 4*95 1*5994 5*35 j 1*6771 5*75 1*7492 

4*66 1*6173 4*96 1*6014 6*36 1*6790 5*76 1*7609 
4*57 1*6196 4*97 1*6034 6*37 1*6808 5*77 1*7627 
4^68 1*5217 4*98 1*6064 6*38 1*6827 5*78 1*7644 
4^89 1*5239 4*99 1*6074 6*39 1*6846 5*79 1*7661 
4-60 1*6261 6*00 1*6094 6*40 1*6864 6*80 1-7679 



HYPERBOLIC LOGARITHMS 

Hyperbolic Lograrithms {cor} tinned). 

Log. N Log. N 1 Log. N Log. 1 

1*75% 0-21 1-8262 6-61 1-8880 7-01 1*9473 1 
l'76ia 0*22 1-8278 0-02 1-8901 7-02 1-9488 1 
1-70:50 0 23 1-8294 0-03 1-8910 7-03 1-9502 1 
1-7017 0-21 1-8310 0-04 I 1 -8931 7-01 1*9510 
1-7004 0-25 1-8.320 0-05 I 1-8940 7-05 1 *9530 

1-7081 0*20 1-8312 0-00 j 1-8901 7-00 1-9544 
1-7009 0-27 1*8358 0-07 1 1-8970 7-07 i 1 1 9559 
1-7710 0-28 1-8:374 0*08 1 1-8991 7-08 1-9573 
1 7733 0-29 1-8:390 0*09 1 1-9(X)0 1 7-09 , 1-9587 
1-7750 0-30 1-8405 0-70 1-9021 i 7-10 1 9601 

5-92 1-7783 
5-93 1 -7800 
5-94 1-7817 
5-95 1-7834 

i zu 

7-21 
7-22 
7-23 

1-9755 
1-9769 
1*9782 

7*24 1 9796 
7-25 1-9810 

7-26 1-9824 
7-27 1-9838 
7-28 1-9851 
7*29 1*9866 
7-30 1-9879 

7-31 1-9892 
7-32 1-9906 
7-33 1-9920 
7-34 1-9933 
7-35 1-9947 

7*36 1-9961 
7*37 1-9974 
7-38 1-9988 
7-39 2-0001 
7-40 2-0016 



HYPERBOLIC liOGARITHMS 103 

Hyperbolic Logarithms {corUinued), 

N Log. N Log N Log N Log 

7-41 2'002H 7*81 2*0554 8*21 2*1054 8*61 2*1529 
7-42 2*0042 7*82 2*0567 8*22 2*1066 8*62 2*1541 
7-43 2*0055 7*83 2 0580 8*23 2*1078 8*63 2 1552 
7*44 2*(X)69 7*84 2*0592 8*24 2*1090 8*64 2*1564 
7*45 2 0082 7*85 2*0605 8*25 2*1102 8*65 2*1576 

7-4(i 2*0096 7-8C 2*0618 8 26 2*1114 8*66 2*1587 
7*47 2*0109 7*87 2*0631 8*27 2*1126 8*67 2*1599 
7*48 2 0122 7*88 2*0643 8*28 2*1138 8*68 2*1610 
7-49 2*0136 7*89 2*0r)5() 8*29 2*1150 8*69 2*1622 
7-50 2*0149 7*90 2*06(;9 8*30 2*1163 8*70 2*1633 

7-51 2*0162 7*91 2-0681 8*31 2*1175 8*71 2-1645 
7*52 2*0176 7*92 2 0694 8*32 2*1 J 87 8 72 2-1656 
7*53 2 0189 7 93 2*0707 8*33 2*1199 8*73 2*1668 
7*64 2 0202 7 94 2*0719 8*34 2 1211 8 74 2*1679 
7'55 2*0215 7 95 2-<»7;i2 8*35 2*1223 8*75 2*1691 

7*56 2*0229 7*96 2*0744 8*36 2*1235 8*76 2’1702 
7*57 2 0242 7*97 2*0757 8*37 2*1217 8*77 21713 
7*58 2*0255 7-98 2*0769 8*38 2*1258 8*78 2'1725 
7-59 2*0268 7*99 2*0782 8*39 2*1270 8*79 2*1736 
7*60 2-0281 8*00 2*0794 8*40 2*1282 8*80 2*1748 

7*61 2*0295 8*01 2*0807 8*41 2*1294 8 81 21759 
7-621 2*0308 8*02 2*0819 8*42 2*1306 8*82 2*1770 
7*63 , 2*0321 8*03 2*0832 8*43 1 i 2*1318 8*83 2*1782 
7-64 ! 2*0334 8*04 2 0844 8*44 ! 2*1330 8*84 2*1793 
7*65 2*0347 8*05 2*0857 8*45 2*1342 8*85 2*1804 ^ 

7*66 2*0360 8*0) 2*0869 8*46 2*1353 8*86 i 2*1816 
7-67 2*0373 8*07 ^ 2*0882 8*47 2*1365 8*87 i 2*1827 
7*68 2*0386 8*08 2*0894 8*48 2*1377 8*88 2*1838 
7*69 2*0399 8*09 2 0906 8*49 21389 8*89 2*1849 
7-70 2*0412 8*10 2*0919 8*60 2*1401 8 90 2*1861 

7*71 2*0425 8*11 2*0931 8*61 2*1412 8*91 2*1872 
7-72 2*0438 8*12 2*0943 8*52 2*1424 8*92 2*1883 
7*73 2*0451 8*13 2 0956 8*53 2*1436 8*93 2*1894 
7^74 2*0464 8*14 2*0968 8*54 2*1448 8*94 2*1905 
7-76 2*0477 8*15 2 0980 8*55 2*1469 8*95 ! 2*1917 

7*76 2*0490 8*16 2 0992 8*56 2*1471 8*96 2*1928 
7*77 2*0503 8*17 2*1005 8*67 2*1483 8*97 2-1939 
7*78 2*0616 8*18 2*1017 8*58 2*1494 8*98 ! 2*1960 
7-79 2*0628 8*19 2*1029 8*69 2*1506 8*99 2*1961 
7*80 2*0641 8*20 2*1041 8*60 2*1618 9*00 1 21972 
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H3rperbolic Logarithms (eonduded). 

N Log N Log N Log. N Log. 

9*01 2*1983 9*26 2*2267 9*51 2*2523 9*76 2 2783 
9*02 21994 9 27 2*2268 9*52 2*2534 9*77 2*2793 
9*03 2*2006 9*28 2*2279 9*r>3 2*2544 9*78 2*2803 
9*04 2*2017 9*29 2*2289 9*54 2*2555 9*79 2*2814 
9-0o 2*2028 9*30 2*23(K) 9*55 2*2565 9*80 2 2824 
9*06 2*2039 9*31 2*2311 9-.56 2*2576 9*81 2*2834 
9*07 2 2050 9*32 2*2322 9*57 2*2586 9*82 2*2844 
9*08 2*2061 9*33 2*2332 9-68 2*2597 9*83 2*2854 
9*09 2*2072 9*34 2*2343 9*59 2*2607 9*84 2*2865 
9*10 2*2083 9*35 2*2354 9*60 2*2618 9*85 2*2875 
9*11 2*2094 9*36 2*2364 9*61 2*2628 9*86 2*2885 
9*12 2*2105 9*37 2*2375 9*62 2*2638 9*87 2*2895 
9*13 2*2116 9*38 2*2386 9*63 2*2649 9*88 2*2905 
914 2 2127 9*39 2*2396 9*64 2*2659 9*89 2*2915 
9 16 2*2138 9*40 2*2407 9 65 2*2670 9*90 2*2925 
9*16 2*2148 9 41 2*2418 9*66 2*2680 9*91 2*2935 
9*17 2*2159 9*42 2*2428 9*67 2*2690 9*92 2*2946 
9*18 2*2170 9*43 2*2439 9*68 2*2701 9*93 2*2956 
9*19 2*2181 9*44 2*2450 9*69 2 2711 9*94 2 2966 
9*20 2*2192 9*45 2*2460 9*70 2*2721 ! 9*95 2*2976 
9*21 * 2 2203 9*46 2*2471 9*71 2*2732 9*96 2*2986 
9*22 1 2*2214 9*47 2*2481 1 9*72 2*2742 9 97 2*2996 
9*23 2*2225 9*48 2*2492 9*73 2*2752 9*98 2*3006 
9*24 ’ 2*2235 9*49 2 2502 9*74 2*2762 9*99 2*3016 
9*25 2*2246 9*50 2*2513 9*75 2*2773 10*00 2*3026 

The hyperbolic logarithm of a number may be obtained by 
multiplying the common logarithm of the number by 2*302585. 

The hyperbolic logarithm of a number which is 10 times a 
number in the above table may be obtained by adding 2*3026 
(the hyperbolic logarithm of 10) to the logarithm in the table. 

Example.—To find the hyperbolic logarithm of 91*6 
From the table log, 9*16=2*2148 

^026 
log, 91*6 =4*5174 

The hyperbolic logarithm of a number which is 100 times a 
number in the above table may be obtained by adding 2*3026 
twice, to the logarithm in the table. 

Example.—To find the hyperbolic logarithm of 916 
From the table log, 9*16=2*2148 

2*3026 
2*3026 

log, 916=6j^ 
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Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers. 

The use of the table which follows may be greatly extended 
by aid of the following notes and rules:— 

'Square root of number in 2nd 
column.n— 

Cube root of number in ,‘lrd 
column. .... n— 

Squareof numberin4thcohimn w - ( \/n)^. 
Cube of number in 5th column 7i — { 
Reciprocal of number in Gth ) 1 
column.i ~ 

Square of cube root of number 
in 3rd column . . . 

Fourth power of number in 4th 
column .... 

Sixth power of number in 5th 
column .... — 

Cube of square root of number 
The number'! I in 2nd column . . . 

in the [ | Sixth power of number m 4th 
third I column.w^ = {>/n)^ 

column, j Ninth power of number in 5th 
[ column.n^-{i^/nf. 

'Fourth root of number in 2Dd 
The number'! column.Jn—ijTi?, 

in the _ Sixth root of number in 3rd 
fourth r~l column.4/n^ 

column, j Square root of cube of number 
, in 5th column . . . 

Sixth root of number in 2Dd 
column.\/a= 

Ninth root of number in 3rd 
column.^n— 

Cube root of square of number 
in 4th column . . . sjn^^{jnf. 

For numbers larger than those given in the table, the follow¬ 
ing rules are sometimes useful :— 

The square or cube of a number is equal to the product of the 
squares or cubes respectively of its factors. 

From Table. 
Thus, 17782== (2 X 889)2=2® x 8892=4 x 790321 =3161284 

2896a=(3 x 966)2 = 3* x 966*=9 x 981226 = 8381026 
I890»a(2 X X 698*=8 X 340068392=;= 2720647J38 

The number’ 
in the fifth = 

column. 

The number'! 
in the first, 

or last I 
column j 

The number'! 
in the ( 
second j’ 
column, j 
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The square root or cube root of a number is equal to the pro¬ 
duct of the square roots or cube roots respectively of its 
factors. 

From Table. 

Thus, JldCA- ;^/(4x491)= ;^/4x J491 = 2 x 22T585 = 44’317 
^/r>05H.^ ^/(9x562)-= ^/‘)x ;^/5(>2-=3 x 2:]‘70t)5 = 71-1195 

2768 -= X ;14(>)-= x ^/346 = 2 x 7*020:i = 14*0406 

Decintala. -Tlie number of decimal places in the exact square 
of a number is equal to ttnUr the number of decimal places in 
the number. Or, if the decimal point be moved our place in the 
number, it must be moved two places in the square of the number, 
in the same direction 

The number of decimal places in the exact cube of a number 
is equal to three times the number of decimal places in the 
number. Or, if the decimal point be moved one place in the 
number, it must be moved three places m the cube of the num¬ 
ber, in the same direction. 

Examples.—16"=256 
1*6*-’=: 2*56 
•]()2^*0256 

•0162 = *0002.56 

16*^ =-4096 
]*63 = 4*096 
•16*'^=: *001096 

•016*= *000004096 

Also, if the decimal point be moved two places in the number, 
it must be moved ouc place in the square root of the number, in 
the same direction ; and if the decimal point be moved three 
places in the number, it must be moved one place in the cube 
root of the number, in the same direction. 

Examples,— ;^16 = 4 ;^160=12*6491 . . . 
^•16 = *4 -^1*6= 1*26491 . . . 
^•0016= *04 V01<>= -126491 . . 

4/16 = 2*5198. . . 3/160 = 5*4288. . . 
^•016 = *26198. . . iy*16 = *54288. . . 

In the case of the reciprocal of a number, if the decimal 
)int is moved in the number, it must be moved an equal num- 
)r of places in the reciprocal, in the opposite direction. 

Examples.— 

Number 32 .3*2 -32 *032 3200 
Reciprocal -03125 -3125 3-125 31*25 -0003126 

The product of a number and its reciprocal is equal to I. 
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Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers. 

n n-* ^/n <vn 1 
n 

n 

1 1 1 1 1 1 1 
2 4 8 1 -4112 1-2599 *500000 2 
3 9 27 1 -7321 1*4422 •333333 3 
4 1(1 61 2 1 *5874 *250000 4 
n 25 125 2*2361 1 *7100 •20()U0() 5 

6 30 216 2*4495 1*8171 •166667 6 
7 49 343 2*6458 1 *9129 ■M2S57 7 
H 01 512 2*828 4 •125000 8 
9 81 729 3 2*0801 ■llllJl 9 

10 100 1(K){) 3*1623 2*1511 •1()(K)00 10 

11 121 1331 3*3166 2*2210 •090909 11 
12 144 1728 3*4611 2*2894 •083333 12 
13 109 2197 3*6056 2*3513 *076923 13 
14 190 2744 3*7417 2*1101 *071429 14 
15 225 3375 3 8730 2*1662 *066667 15 

l(j 250 4096 4 2*5198 *062500 16 
17 289 4913 4*1231 2*5713 *058824 17 
18 324 5832 4*2426 2*6207 *055556 18 
19 301 6859 4*3589 2*6684 *052632 19 
20 400 8(XK) 4*4721 2*7144 ■050000 20 

21 441 9261 ; 4*5826 2-7589 •047619 21 
22 484 10648 4*6904 2*8020 *045455 j 22 
23 529 12167 4*7958 2*8439 ■043478 23 
24 576 13824 J 4*8990 2*8845 •041667 24 
25 625 15625 5 2*9240 ■04(K)00 25 

2G 676 17576 5*0990 2*9625 •038462 26 
27 729 19683 5*1962 .3 •037037 27 
28 784 21952 5*2915 3 *0366 •035714 28 
29 841 24389 5*3852 3*0723 *034483 29 
30 9(X) 27CMX) 5'4772 3 1072 *033333 30 

31 961 29791 5*5678 3*1414 *032258 31 
32 1024 32768 5*6569 3*1748 •031250 32 
33 1089 35937 5*7446 3-2075 •030303 33 
34 1156 39304 5*8310 3-2396 •029412 34 
35 1225 42875 5*9161 3*2711 •028571 35 

n n® 4/n 1 
n n 
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Squares, Cubes, Square Roots, Cube Roots, and 
Reciprocals of Numbers {continued). 

n n' 1 
n 

n 

36 1296 46656 6 3*3019 *027778 36 
37 1369 50653 6-082S 3*3322 *027027 37 
38 1414 54872 6*1644 3*3620 *026316 38 
39 1521 59319 6 2450 3*3912 025611 39 
40 1600 64000 6*3246 3*42(K) 025000 40 

41 1681 68921 6*4031 3*4482 *024390 41 
42 1764 74088 6*4807 3*4760 •023810 42 
43 1849 79507 6*5574 3*5034 023256 43 
44 1936 85184 6*6332 3*5303 *022727 44 
45 2025 91125 6*7082 3 5569 *022222 45 

46 2116 97336 6*7823 3*5830 •021739 46 
47 2209 103823 6*8557 3*6088 *021277 47 
48 2304 110592 6*9282 3*6312 *020833 48 
49 2401 117649 7 3*6593 O2040S 49 
50 2500 1250(^0 7*0711 3*6810 *020()00 50 

51 2501 132651 7*1414 3*7084 *019608 51 
52 2704 140608 7*2111 3*7325 019231 52 
53 2809 148877 7 2801 3*7563 *018868 53 
54 2916 157464 7*3485 1 3*7798 *018519 54 
55 3025 166375 7*4162 j 3*8030 018182 1 55 

56 3136 175616 7*1833 3*8259 •017857 66 
57 3249 185193 7*5498 3*8485 •017544 67 
58 3364 ! 195112 7*6158 3*8709 *017241 68 
59 3481 205379 7*6811 3*8930 *016949 69 
60 3600 216000 7*7460 3*9119 1)16667 60 

61 3721 226981 7*8102 3*9365 •016393 61 
62 3844 238328 1 7*8740 3 9579 •016129 62 
63 3969 250047 7*9373 3*9791 ■015873 63 
64 4096 262144 8 4 *015625 64 
65 4225 274625 8*0623 4*0207 *015385 1 65 

66 4356 287496 8*1240 4*0412 •016152 i 66 
67 4489 300763 8*1854 4*0615 •014925 67 
68 4624 314432 1 8*2462 4*0817 *014706 68 
69 4761 328509 ! 8*3066 4*1016 •014493 69 
70 4900 343000 8*3666 4*1213 D14286 70 

n 
1 

n® s/n 1 
n 

n 
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Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers {continued). 

n n* 1 
n 

n 

71 5041 357911 8-4261 4 1408 *014085 71 
72 5184 373248 8-4853 4*1602 *013889 72 
73 5329 389017 8-5410 4-1793 ■013699 73 
74 5476 405224 8-6023 4-19S3 013514 74 
75 5625 421875 8-60()3 4-2172 *013333 75 

76 5776 438976 8-7178 4-2358 -013158 76 
77 5929 456533 8-7750 4-2543 012987 77 
78 6084 474552 8-8318 4-2727 •012821 78 
79 6211 493039 8-8882 4-2908 •012658 79 
80 6400 512000 8-9443 4-3089 *012500 80 

81 6561 531441 9 4-3267 *012316 81 
82 6724 551368 9*0554 4-34J5 -012195 82 
83 6889 571787 9-1104 4-3621 •012048 83 
84 7056 592704 9-1652 4-3795 •011905 84 
85 7225 614125 9-2195 4-3968 •011765 85 

86 7396 636056 9-2736 4-4140 •011628 86 
87 7569 658503 9-3274 4-4310 •011494 87 
88 7744 681472 9-3808 4-J480 •011364 88 
89 7921 704969 9-4340 4 4647 ! •011236 89 
90 8100 729000 9-4868 4-4814 •011111 90 

91 8281 753571 9-5394 4-4979 •010989 91 
92 8464 778688 9-5917 4-5144 •010870 92 
93 8649 804357 9-6437 4-5307 •010753 93 
94 8836 830584 9*6954 4-5468 •010638 94 
95 9025 857375 9-7468 4-5629 •010526 95 

96 9216 884736 9*7980 4-5789 •010417 96 
97 9409 912673 9*8489 4-5947 •010309 97 
98 9604 941192 9-8995 4-6104 •010204 98 
99 9801 970299 9-9499 4-6261 •010101 99 

100 10000 lOdXKK) 10 4-6416 •010000 100 

101 10201 1030301 10-0499 4*6570 *009901 101 
102 i 10404 1061208 10-0995 4-6723 •{X)9804 102 
103 10609 1092727 10-1489 4-6875 •009709 103 
104 10816 1124864 10*1980 4*7027 *009615 104 
106 [ 11025 1157625 ! 10-2470 1 4*7177 •009524 106 

U n* 
i 

A/a 4/n I 
n 

n 
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Squares, Cubes, Square Boots, Cube Roots, and 
Reciprocals of Numbers {continued). 

n s/n 4/n 
1 
n 

n 

106 11236 1191016 10-2956 4-7326 •009434 106 
107 11449 1225043 10-3441 4-7475 •009346 107 
108 11664 1259712 10-3923 4-7622 -009259 108 
109 11881 1295029 10-4403 4-7769 •009174 109 
110 12100 133UX)0 10-4881 4-7914 •009091 110 

111 12321 1307631 10-5357 4-8059 •009(H)9 111 
112 12544 1404928 10-5830 4-8203 •008929 112 
113 12769 1442897 10-6301 4-8346 •008850 • 113 
114 12996 1481544 )0-6771 4-8188 •008772 114 
115 13225 1520875 10-7238 4-8629 -008696 115 

116 13456 1560896 10-7703 4 8770 •008621 116 
117 13689 1601613 10-8167 4-8910 •008547 117 
118 13924 1643032 ] 0-8628 4-9049 •008475 118 
119 14161 1685159 10-9087 4-9187 •008403 m 
120 14400 1728000 10-9545 4-9324 •008333 120 

121 14641 1771561 11 4-9461 •008264 121 
122 14884 1815848 11-0454 4-9597 •008197 122 
123 15129 1860867 11-0905 4-9732 •008130 123 
124 15376 1906624 11-1355 i 4-9866 •008065 124 
125 15625 1953125 11-1803 5 •008000 125 

1 126 15876 2000376 11-2250 5-0133 •007937 126 
127 16129 2048383 11-2694 5-0265 •007874 127 
128 16384 2097152 11-3137 5-0397 007813 128 
129 16641 2146689 11-3578 5-0528 •007752 129 
130 16900 2197000 11-4018 5-0658 •007692 130 

131 17161 2248091 11-4455 5-0788 •007634 131 
132 17424 2299968 11-4891 5-0916 •007576 132 
133 17689 2352637 11-5326 5-1045 •007519 133 
134 17956 2406104 11-5758 5-1172 •007463 134 
135 18225 2460375 11-6190 5-1299 •007407 135 

136 18496 2515456 11-6619 5-1426 •007353 136 
137 18769 2571353 11-7047 5-1551 •007299 137 
138 19044 2628072 11-7473 5-1676 -007246 138 
139 19321 2685619 11*7898 5-1801 •007194 139 
140 19600 2744000 11-8322 5-1925 •007143 I 

1 
140 

n 
1 

V? nS 1 1 

n 



POWERS, ROOTS, AND RECIPROCALS ]11 

Squares, Gubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers [continued). 

n v/n > a 

141 1 19881 2803221 11-8743 5-2048 -007092 141 
142 20164 2863288 11-9164 5-2171 -007042 142 
143 1 20449 2924207 IJ-9583 5 2293 -006993 143 
144 j 20736 2985984 12 5-2415 -006944 144 
145 21025 3048625 1 12 0416 5-2536 -006897 146 

146 I 21316 3112136 i 12-0830 5-2656 -006849 146 
147 21609 3176523 12-1244 5-2776 -006803 147 
148 1 21904 3241792 12-1655 5-2896 006757 148 
149 ' 22201 3307949 12-2066 5-3015 •006711 149 
150 1 22500 ! 3375000 12-2474 5-3133 •006667 150 

151 22801 1 3442951 ( 12-2882 5-3251 1 -006623 151 
152 23104 3511808 i 12-3288 5-3368 *006579 162 
153 j 23409 3581577 ! 12-3693 5-3486 •006536 153 
154 1 23716 3652264 12-4097 5-3601 •006494 164 
]56 24026 3723875 12-4499 5-3717 •006452 155 

156 1 24336 3796416 12 4900 5-3832 •006410 156 
157 1 24649 3869893 12 5300 5-3947 •006369 157 
158 1 24964 3944312 i 12-5698 5-4061 •006329 168 
169 25281 4019679 ! 12-6096 5-4175 006289 169 
160 25600 4096000 12 6491 5-4288 006260 160 

161 1 25921 4173281 ' 12-6886 5-4401 •006211 161 
162 26244 4251528 12-7279 6-4514 •006173 162 
163 26569 4330747 12-7671 6-4626 •006135 163 
164 26896 4410944 12-8062 5-4737 •006098 164 
165 27225 4492125 , 12-8452 6-4848 •006061 165 

166 27556 1 4574296 12-8841 5-4959 •006024 166 
167 ' 27889 1 4657463 12-9228 5-6069 •006988 167 
168 28224 1 4741632 1 1 12-9615 5-6178 006962 168 
169 28561 ! 4826809 ' 13 6-6288 005917 169 
170 28900 4913000 13-0384 6-6397 •005882 170 

171 29241 5000211 13-0767 6*5506 •006848 171 
172 29684 6088448 13*1149 6*5613 *005814 172 
178 29929 6177717 13-1529 6*6721 •005780 173 
174 30276 6268024 13 1909 6*5828 •005747 174 
176 30626 6369876 13*2288 5*6934 •006714 176 

a a* a* Va 1 
a 

a 



112 POWEHS, ROOTS, ANP RECIPROCALS 

Squares, Cubes, Square Roots, Cube Roots, and 
Reciprocals of Numbers {continued). 

n Vn 1_ 
n 

u 

17G 30976 5451776 13-2665 5-6041 ■005682 176 
177 3J329 5545233 13-3041 5-6J47 ■005650 177 
178 31681 5639752 13-3417 5-6252 005618 178 
179 32041 5735339 13-3791 5-6357 ■1K)5587 179 
180 32400 5832(KK) 13-4164 5-6462 ■1X)5556 180 

181 32761 5929741 13-4536 5 6567 ■005525 181 
182 33124 6028568 13-4907 5-6671 ■005495 182 
183 33489 6128487 13-5277 5-6774 ■(K)5464 183 
184 33856 6229504 13-5647 5-6877 005435 184 
185 34225 6331625 13-6015 5-6980 005405 185 

186 34596 6434856 13-6382 5-7083 005376 186 
187 31969 6539203 13-6748 5-7185 -005348 187 
188 35344 6644672 13-7113 5-7287 ■005319 188 
189 35721 6751269 13-7477 5 7388 ■005291 189 
190 36100 6859000 13-7840 5 7489 •005263 190 

191 36481 6967871 13-8203 5-7590 -005236 191 
192 36864 7077888 13-8564 5-7690 •005208 192 
193 37249 7189057 13-8924 5-7790 •005181 193 

1 194 37636 7301384 I 13-9284 5-7890 •005155 194 
195 38025 7414875 13-9642 6-7989 •005128 196 

196 38416 7529536 14 5-8088 -005102 196 
197 38809 7645373 14-0357 5-8186 ■005076 197 
198 39204 1 7762392 14-0712 6-8285 -005051 198 
199 39601 7880599 14-1067 5-8383 •006025 1 199 
200 ! 40000 ' 8000000 14-1421 6-8480 •005000 ' 200 

201 40401 ’ 8120601 14-1774 5-8578 •004976 201 
202 40804 8242408 j 14-2127 5-8675 •004950 202 
203 41209 , 8365427 1 14 2478 5-8771 1 004926 203 
204 41616 8489664 14 2829 6-8868 1 -004902 204 
205 42025 ' 8615125 1 14-3178 6-8964 1 [ -004878 206 

206 1 42436 8741816 ' 14-3527 ' 6-9059 1 -004864 206 
207 1 42849 1 8869743 14-3875 5'9165 •004831 207 
208 43264 1 8998912 14-4222 5-9250 •004808 208 
209 43681 9129329 14-4668 5-9345 1 •004785 209 
210 44100 9261000 14-4914 5*9439 1 -004762 

1 
210 

; ^ 
1 

ll2 n? ^/n 1 



POWBBS, ROOTS, AND RECIPROCALS 113 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers {continued). 

n n2 nS v/n J/n 
I 1 ! _ 

211 44521 9393931 14-5258 5-9533 004739 211 
212 41944 9528128 14-5602 6-9627 -(X)4717 212 1 
213 45369 9663597 14-5945 5 9721 •004695 213 
2)4 45796 98(K)341 14 6287 5 9814 •004673 214 
215 46225 9938375 14-6629 5-9907 •004651 215 

21G 46656 10077696 14-6969 6 •004630 216 
217 47089 10218313 14 -7309 6 0092 •004608 217 
218 47524 10360232 14-7648 6-0185 •004587 218 
219 4796] 10503459 14 7986 6 0277 004566 219 
220 48400 10648000 14-8324 6-0368 •004545 220 

221 48841 10793861 14-8661 6-0459 •004525 221 
222 49284 10941048 14 8997 6-0550 •(M)4505 222 
223 49729 11089567 14-9332 6-0641 004484 223 
224 5017() 11239424 14 9666 6-0732 -004464 224 
225 50625 1139CM>25 15 6-0822 004444 225 

226 51076 11513176 15-0333 6-0912 •004425 226 
227 51529 11697083 15-0665 6-J(X)2 •004405 227 
228 51984 11852352 15-0997 6-1091 •004386 228 i 
229 52441 ' 12008989 15-1327 6-1180 •004367 229 1 
230 521H)0 12167(X)0 15-1658 1 6 1269 •004348 1 230 1 

231 53361 12326391 15-1987 6-1358 •004329 231 I 
232 53824 12487168 15 2315 6-1446 •004310 232 i 
233 64289 12649337 15 2643 6-1534 004292 1 233 , 
234 54756 12812904 15-2971 6 1622 004274 234 , 
235 55225 12977875 16-3297 6-1710 •004255 236 

236 55696 13144256 15-3623 6-1797 (X)4237 236 
237 56169 , 13312053 15-3948 6-1885 004219 1 237 
238 56644 1 13481272 15-4272 6-1972 1 •004202 ' 238 
239 67121 13661919 15 4596 6-2058 •004184 239 
240 67600 13824000 16-4919 6 2145 •004167 240 

241 68081 13997621 16-6242 6-2231 •004149 241 
242 68664 14172488 16-5663 6*2317 •004132 242 
243 69049 14348907 16-6886 6-2403 •004116 243 
244 69636 14626784 15-6206 6-2488 •(X)4098 244 
245 60025 14706125 16-6625 6-2673 •004082 245 

» n» n* s/n ii'o- 
1 
a 

at 



H4 POWERS, ROOTS, AND RECIPROCALS 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers {continued). 

u x/n ^/n n 

246 60516 14886936 15*6844 6*2658 •004065 246 
247 61009 15069223 15*7162 6*2743 *004049 247 
24K 61504 15252992 15-7480 6*2828 *004032 248 
249 62001 15438249 15*7797 6*2912 *004016 249 
250 62500 15625000 15*8114 6*2996 *004000 250 

251 63001 15813251 15-8430 6*3080 *003984 251 
252 63504 16003008 15*8745 6*3164 •003968 252 
253 64009 16194277 15*9060 6*3247 *003953 253 
254 64516 16387064 15*9374 6*3330 •003937 254 
255 65025 16581375 15*9687 6*3413 *003922 255 

256 65536 16777216 16 6*3496 *003906 256 
257 66049 16974593 16*0312 6*3579 *003891 257 
258 G65G4 17173512 16*0624 6*3661 •003876 258 
259 G7081 17373979 16-0935 6*3743 •003861 259 
260 67600 17576000 16*1245 6*3825 •003846 260 

261 68121 17779581 16*1555 6*3907 *003831 261 
262 68644 17984728 6*3988 *003817 262 
263 69169 18191447 16-2173 6*4070 *003802 263 
264 69696 1 18399744 16*2481 6*4151 *003788 264 
265 70225 ' 18609625 16*2788 6*4232 *003774 266 

266 70756 1 18821096 16*3095 6*4312 *003759 266 
267 71289 19034163 16*3401 6*4393 •003745 267 
268 71824 19248832 16*3707 6*4473 *003731 268 
269 72361 , 19465109 16*4012 6*4553 *003717 269 
270 72900 , 19683000 16*4317 6*4633 *003704 270 

271 73441 ' 19iK)2511 16-4621 6*4713 •003690 271 
272 i 73984 i 20123648 16*4924 6*4792 *003676 272 
273 74529 , 20346417 16*5227 6*4872 *003663 273 
274 ! 75076 1 20570824 16-5529 6*4961 *003650 274 
275 1 75625 20796875 16*5831 6*5030 •003636 275 

276 76176 ] 21024576 16*6132 6*5108 •003623 276 
277 76729 21253933 16*6433 6*5187 •003610 277 
278 I 77284 1 21484952 16*6733 6*5266 *003597 278 
279 77841 21717639 16*7033 6*5343 *003584 279 
280 78400 21952000 16*7332 6*5421 •003571 ; 280 

& n® 4^ 1 
a n 



POWERS, ROOTS, AND RECIPROCALS IK 

Squares, Cubes, Square Hoots, Cube Hoots, and 
l^ciprocals of Numbers {continued). 

n n3 x'n 
1 
n 

n 

281 78961 22188041 10-7631 6 5499 -003559 281 
282 79524 22425768 16-75)29 6 5577 •003546 282 
283 80089 22665187 16*8226 6-5654 003534 283 
284 80656 2290(5304 16-8523 6 5731 003521 284 
285 81225 23119125 16-8819 (; 5808 ■003509 285 

28(5 81796 2339365(5 16 5)115 6-5885 -003497 286 
287 82369 23639903 16-5)411 6-5962 003484 287 
288 82944 23887872 16 9706 6 6035) 003472 288 
289 83521 24137569 17 6 (5115 0034(50 289 
290 84100 24385)000 17*0294 6-6191 •003448 290 1 

291 84681 24642171 17 0587 6 62(57 -003436 291 
292 85264 2485)7088 17 0880 6-6343 003425 292 
25)3 85849 25153757 17-1172 (5‘(5419 •003413 293 
294 86436 2C412]K4 17*14(54 (5 (5494 •003401 294 
295 87025 25672375 17-1756 6 (5569 -003390 295 

296 87616 265)34336 17 2047 6 6644 •003378 296 
297 88209 2615)8073 17 2337 6 6719 003367 297 
298 88804 26463592 17-2627 6-6794 '00335(5 298 
299 89401 26730899 17-25)16 6-6869 003344 299 
3(X) 90000 27000000 17-3205 6-6943 •003333 300 

301 5)0601 27270901 17-3494 6-7018 •003322 301 
302 91204 27543608 17-3781 6-7092 •003311 302 
303 91809 27818127 17-40(59 (5-7166 •003300 303 
304 92416 28094464 17-4356 6-7240 •003289 304 
305 93025 28372625 17-4642 6-7313 ■003279 305 

306 93636 28652616 17*4929 6-7387 •003268 306 
307 94249 28934443 17-5214 6-7460 •003257 i 307 
308 94864 29218112 17*5499 6 7533 ‘003247 [ 308 
309 95481 29503629 17-6784 6-7606 •003236 ! 309 
310 96100 29791000 17-6068 6-7679 •003226 310 

311 96721 30080231 17-6352 6-7752 •003215 311 
312 97344 30371328 17-6636 6-7824 •003205 ■ 312 
3’3 97969 30664297 17-6918 6-7897 •003195 313 
314 98696 30959144 17-7200 6-7969 •003185 314 
316 99226 31266876 17*7482 6-8041 •003175 316 

n n? Vn ii^ n 



116 POWERS, ROOTS, AND RECIPROCALS 

Squares, Cubes, Square Roots, Cube Roots, and 
Reciprocals of Numbers {continued). 

1 n n- n‘ i. 
n 

n 
1 

316 99856 31554496 . 17*7764 1 6*8113 •003165 316 
317 100189 31855013 1 17*8045 G-8185 1 *003155 317 
318 101121 32157432 1 17*8326 6*8256 *003145 318 
319 101761 32461759 1 17*8606 fi-8:!28 *003135 319 

j 320 102100 32768000 17*8885 6*8399 ■(X)3125 320 

1 321 103011 33076161 17*9165 6*8470 •003115 321 
1 322 103684 33386218 17*9444 6*8541 *003106 322 

323 104329 33698267 17*9722 6*8612 *003096 323 
324 104976 34012224 18 6*8683 *003086 324 
325 105625 34328125 18*0278 6*8753 •003077 325 

326 106276 34615976 18*0555 6 8824 •003067 326 
327 106929 34965783 18*0831 6 8894 *003058 327 
328 107584 35287552 18*1108 6*8964 *003049 328 
329 108241 35611289 18*1384 6*9034 *003040 329 
330 108900 35937000 18*1659 6*9104 *003030 330 

331 109561 36264691 18*1934 6 9174 *003021 331 
332 110224 36594368 18*2209 6*9244 *003012 332 
333 110889 36926037 18*2483 6*9313 *003003 333 
334 111556 37259704 | ! 18*2757 6*9382 *002994 334 
335 112225 37595375 

1 
i 18*3030 [ 6*9451 002985 335 

336 112896 37933056 [ 18*3303 6*9521 '002976 336 
337 113569 38272753 18*3576 6*9589 *002967 337 
338 114244 38614472 18*3848 ’ 6*9658 *002959 338 
339 114921 38958219 18*4120 1 6*9727 *002950 339 
340 115600 39304000 18*4391 6*9795 •002941 340 

341 116281 39651821 18*4662 6*9864 *002933 341 
342 116964 40001688 18*4932 6-9932 •002924 342 
343 117649 40353607 18*5203 7 •002915 343 
344 118336 40707684 1 18*5472 7*0068 *002907 344 
345 119025 41063625 1 18*5742 7*0136 •002899 345 

346 119716 41421736 ' 18*6011 7*0203 *002890 346 
347 ‘ 120409 41781923 18*6279 7*0271 I *002882 347 
348 121104 42144192 18*6548 7*0338 •002874 348 
349 121801 42608549 1 18*6815 7*0406 I *002865 349 
350 122600 42876000 18*7083 7*0473 ! *002857 360 

n n» 1 
n 



POWERS, ROOTS, AND RECIPROCALS 117 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers {contmued). 

n n- n3 v'n 
1 
n 

S n 

8(51 128201 48248551 18-7350 7-0540 -002849 351 
352 128901 48611208 18-7617 7-06()7 -002841 352 
858 124609 48986977 18-7888 7-0674 ■002888 853 
854 125316 44861864 18-8149 7-0740 •002825 854 
855 126025 11788875 18-8414 7-0807 •002817 355 

356 126786 15118016 18-8680 7-0873 '002809 856 
857 127449 45499298 18-8944 7*0940 •002801 357 
858 128164 45882712 IS-9209 7-1006 002793 858 
859 128881 46268279 18-9*178 7 1072 ■002786 859 
860 129600 16656000 18-9787 7-1138 '002778 360 

361 180321 4704588J 19 7-1201 •002770 361 
862 131044 47487928 19-0268 7-1269 ‘002762 362 
868 131769 47832147 19-0526 7 1835 •(X)2755 363 
861 182196 48228544 19-0788 7-1400 •002747 364 
865 188225 48627125 19-1050 7-1466 •fK)2740 365 

366 133956 49027896 19-1311 7-1531 •002782 366 
867 184689 49430863 19-1572 7-1596 •002725 367 
868 135424 49836032 19-1833 7-1661 •002717 368 
369 186161 50243409 19-2094 1 7-1726 •002710 369 
870 186900 50653000 19-2354 1 7-1791 •CX)2703 370 

371 137641 i 51064811 19-2614 ' 7-1855 002695 371 
372 138384 51478848 19-2873 1 7-1920 002088 372 
373 139129 51895117 19-3132 ' 7-1984 •002681 373 
374 139876 1 52313624 19-3391 ' 7-2048 •002674 374 
375 140625 52734875 19-3649 7-2112 •002667 j 375 

376 141376 53157376 1 19-3907 7-2177 •002660 376 
377 142129 53582633 19-4165 7-2240 •002653 i 377 
378 142884 54010152 1 19-4422 7-2304 *002646 378 
879 143641 54439939 19-4679 7-2368 *002639 379 
380 1 144400 1 54872000 i 19-4936 7*2432 ' *002632 380 I 

881 145161 1 55306841 19-5192 7*2495 •002625 ^ 381 
382 1 145924 ' 55742968 , 19-5448 7*2558 *002618 382 
383 ; 1 146689 66181887 19*5704 7*2622 •002611 383 
384 147456 56623104 ' 19-5969 7-2685 i •002604 384 
385 148225 67066625 , 19-6214 7*2748 i *002597 386 

n I ! 
1 

s/XL i i 
n n 



118 POWERS, ROOTS, AND RECIPROCALS 

Squares, Cubes, Square Boots, Cube Boots, and 
Reciprocals of Numbers {continued). 

n n- ^/n 1 
n 

n 

386 148996 57512456 19-6469 7-2811 •002591 386 
387 149769 57960603 19 6723 7-2874 ■002584 387 
388 150544 58411072 19-6977 7-2936 •(K)2577 388 
389 151321 58863869 19-7231 7-2999 •002571 389 
390 152100 59319000 19-7484 7-3061 002564 390 

391 152881 59776171 19-7737 7-3124 •CK)2558 391 
392 153661 (;023628S 19-791)0 7-3186) •(X)255l 392 
393 154449 60698457 19-8242 7-3248 •002545 393 
391 155236 61162984 19-8494 7 3310 •(K)2538 394 
395 156025 61629875 19-874() 7-3372 •002532 395 

396 156816 62099136 19-8997 7-3431 •002525 396 
397 157609 62570773 39 9249 7-3496 •002519 397 
398 158404 63044792 19-9499 7-3558 •IX)2513 398 
399 159201 63521199 19-9750 7-3619 •002506 399 
400 160000 64000000 20 7-3681 •002500 400 

401 160801 64481201 20 0250 7 3742 •002494 401 
402 161604 64964808 20 0499 7-3803 -002488 402 
403 162109 65450827 20-0749 7-3864 •002481 403 
404 163216 65939264 20-0998 7-3925 •002475 404 
405 164025 66430125 20-1246 7-3986 •002469 405 

406 164836 66923416 20-1494 7*4047 ■002463 406 
407 165649 1 67419143 20-1742 7-4108 •002457 407 
408 166464 i 67917312 20-1990 7-4169 •(X)2451 408 
409 167281 ' 68417929 20-2237 7-4229 •002445 409 
410 168100 68921000 20-2485 7-4290 •002439 410 

411 16S921 1 69426531 20-2731 7 -4350 ' •002433 411 
412 169744 1 69934528 20-2978 7-4410 •002427 412 
413 170569 1 70444997 20-3224 1 7-4470 •002421 413 
414 171396 70957944 20-3470 7-4530 •002415 414 
415 172225 71473375 20-3715 7-4590 •002410 1 415 

416 173056 71991296 20-3961 7-4650 •(X)2404 416 
417 173889 72511713 20-4206 7-4710 •002398 417 
418 174724 73034632 20-4450 7-4770 •002392 418 
419 175561 73560059 20-4695 7-4829 •002387 419 
420 176400 74088000 20-4939 7-4889 •002381 420 

n n2 n^ 1 Vn ' 4/n 1 
n \ n 



POWERS, ROOTS, AND RECIPROCALS 119 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers {continued). 

n v/n 1 
n n 

421 177211 74618161 20 5183 7-4948 002375 421 
422 178084 75151418 20-5426 7-5007 -002370 422 
42:i 178929 75686967 20 5670 7-5067 002564 423 
121 179776 76225024 20 5915 7 5126 -002358 424 
425 180625 76765()25 20-6155 7-5185 *(K)2355 425 

420 181476 77308776 20-6598 7-5244 -002347 426 
427 182529 77851185 20-6640 7 5502 •002542 427 
428 185184 78402752 20-(;882 7*5561 •002556 428 
129 184041 78955589 20-7123 7-5420 •(M)23;U 429 
450 1S4900 79507000 20-7361 7 5478 (X)2326 430 

451 186761 80062991 20-7605 7 5537 -002320 431 
432 186624 80621568 20-7816 7*5595 002515 432 
453 187489 81182757 20*8087 7-5651 •002309 433 
454 188356 81716501 20-8327 7 5712 •002504 434 
455 189225 82312875 20*8567 7*5770 (K')2299 435 

45G 190096 82881snc 20-8806 7-5828 -002294 436 
437 190969 83453453 20-9045 7-5886 •002288 437 
438 191844 81027672 20-9284 7-5944 •002283 438 
439 192721 84604519 20-9523 7-6001 •002278 439 
440 ! 195600 85184000 20 9762 7-6059 002273 440 

441 194481 85766121 21 7 6117 •002268 441 
442 195364 86350888 21-0238 7-6174 •002262 442 
443 196249 ! 86938307 21 0476 7-6232 •002257 443 
444 197136 87528384 21-0713 7-6289 •002252 444 
445 198025 1 88121125 21-0950 7-6346 •002247 445 

446 198916 88716536 21 1187 7 6403 -002242 446 
447 199809 89314623 21-1424 7*6160 •002237 447 
448 200704 89915392 21 -1660 7*6517 •002232 448 f 
449 201601 90518849 21-1896 7-6574 •002227 449 
460 202600 91125000 21-2132 7-6631 •002222 450 

461 203401 91733851 21-2368 7-6688 •002217 461 
452 > 204304 92346408 21-2603 7-6744 •002212 452 
453 ! 205209 92959677 21-2838 7-6801 002208 453 
464 206116 93576664 21-3073 7-6857 1 •002203 454 
455 207026 94196375 21-3307 7-6914 •002198 465 

n^ n^ s/n 1 
n n 



120 POWERS, ROOTS, AND RECIPROCALS 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers [continued). 

n n* 1. 
n 

n 

456 207936 94818816 21-3542 7-6970 -002193 456 
457 208849 95443993 21-3776 7-7026 •002188 457 
458 209764 9()071912 21 -4009 7-7082 •002183 458 
459 2J068] 9(;702579 21-4243 7-7138 •002179 459 

j 460 211600 97336000 21-4476 7-7]94 •002174 460 

, 461 212521 97972181 21-4709 7-7250 •002169 461 
i 462 213441 98611128 21-4942 7-7306 •002165 462 

463 214369 99252847 21-5174 7-7362 •002160 463 
, 464 215296 99897344 21-5107 7-7418 •002155 464 
1 465 216225 100544(>25 21 -5639 7-7173 •002151 465 

466 217156 10119469; 21-5870 7-7529 (X)2146 466 
467 218089 101847563 21 ‘6102 7-7584 •002141 467 
468 219024 102503232 21-6333 7-7639 •002137 468 
469 219961 103161709 21-6564 7-7695 •002132 469 
470 220900 103823000 21-6795 7-7750 •002128 470 

471 221841 104487111 21-7025 7-7805 •002123 471 
472 222784 105154018 21-7256 7-7860 •002119 472 

, 473 223729 105823817 21 -7486 7-7915 •002114 473 
1 474 224676 106496424 I 21-7715 7-7970 •002110 474 
' 475 225625 107171875 21-7945 7-8025 •002105 475 

476 226576 107850176 21-8174 7-8079 •002101 476 
477 227529 108531333 21 8403 7-8134 •002096 477 
478 228484 109215352 21-8632 7-8188 -002092 478 
479 229441 109902239 21-8861 7-8243 -002088 479 

1 480 230400 110592000 21 9089 7-8297 •002083 480 

481 231361 111284641 21-9317 7-8352 •002079 481 
482 232324 111980168 21-9545 7-8406 •002075 482 
483 233289 112678587 21 -9773 7-8460 •002070 483 
484 234256 113379904 22 7-8514 •002066 484 
485 235225 114084125 22-0227 1 7-8568 •002062 485 

486 236196 114791256 i 22 0454 7-8622 •002058 486 
487 237169 115501303 22-0681 7-8676 •002053 , 487 
488 238144 116214272 22-0907 7-8730 •002049 ! 488 
489 239121 116930169 22-1133 7-8784 •002045 489 
490 240100 117649000 22-1359 7-8837 •002041 490 

n n2 n* ^n n 



POWERS, ROOTS, AND RECIPROCALS 121 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers {continued). 

n n‘ j x/n ^/n 1 1 

1 ^ 
n 

491 241081 118370771 1 22*1585 7*8891 (K)2()37 491 
! 492 242004 119095488 22*1811 7*8944 , *002033 492 

493 243049 119823157 22 2030 7 8998 ' *002028 493 
494 214030 120553784 22 2201 7*9051 0( 2024 494 
495 215025 1 121287375 22*2ll80 7*9105 •002020 495 

49<j 240010 122023930 1 22*2711 7*9158 002010 496 
497 247009 122763473 22 2935 7 9211 002012 1 497 
498 248004 123505992 22 3159 7 9204 *002(X)8 j 498 
499 249001 124251499 22 3383 7 9317 002004 1 499 
5(K) 2500{K) 125(XK)0(X) 22*3007 7*9370 *(K)2000 500 

501 251(K)1 125751501 , 22*3830 7 9423 00J996 501 
502 252004 120500008 22*4054 7*9476 *001992 502 
503 253(X)9 127203527 1 22*1277 7*9528 *001988 503 

1 504 254010 128024004 , 22*4499 7*9581 *001984 504 
1 505 255025 128787025 1 22*4722 7*9634 , *001980 505 

1 500 250036 129554210 22*4944 7*9086 1 *(H)1976 506 
1 507 257049 130323843 22*5167 7*9739 ( 001972 507 
1 508 258064 131096512 22*5389 7*9791 *001909 508 

509 269081 131872229 22 5610 7*9843 *001905 509 
510 260100 , 132051000 22*5832 7*9896 (K)1901 510 

511 261121 133432831 22 6053 i 7*9948 •001957 511 
512 262144 134217728 22*6274 ! 8 *001953 512 
513 263169 135005097 22*6495 8 0052 001949 613 
514 264196 135790744 22*0710 8*0104 *001940 614 
515 266225 130590875 22*6936 8 0156 •001942 516 

510 266256 137388096 22*7150 8*0208 *001938 516 
517 267289 138188413 22*7376 1 8*0200 *001934 617 
518 268324 138991832 i 1 22*7596 8*0311 *001931 518 
519 269361 139798359 ' 22*7816 8 0303 *001927 519 
520 270400 140608000 22 8035 8*0415 *001923 620 

621 271441 141420761 1 22 8254 8 0466 i *001919 521 
522 272484 142236648 22*8473 8*0517 *001916 622 
523 273629 143055067 ' 22*8692 8*0569 001912 623 
624 274676 143877824 22*8910 8*0620 001908 624 
625 275625 1 144703125 22*9129 8*0671 *001906 526 

n 4/n 1 
a n 



122 POWERS, ROOTS, AND RECIPROCALS 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers {continued). 

1 ^ 1 ^/n 1 
n 

n 

526 276676 145531576 22*9347 8*0723 *001901 526 
527 277729 146363183 22*9565 8*0774 *001898 527 

, 528 2787^4 H7197952 22*9783 8*0825 *(X)1894 528 
i 529 279811 148035889 23 8*0876 *001890 529 

580 280900 148877(KM) 23*0217 8*0927 •001887 530 

531 281961 149721291 23*0134 8*0978 *001883 531 
532 283024 15056S768 23*0651 8*1028 *001880 532 
533 284089 151419437 23 08(;h 8 1079 *001876 533 
534 2H5ir>« 152273304 23*1084 8*1130 *001873 534 
535 286225 153130375 23 1301 8*1180 (X)1869 535 

536 287296 153990656 23*1517 8*1231 *001866 536 
537 288369 151854153 23*1733 8*1281 *001862 537 
538 289444 155720872 23*1948 8*1332 *001859 538 
539 290521 156590819 23*2164 8*1382 *001855 539 
540 291600 1574640(X) 23*2379 8*1433 *001852 540 

541 292681 158340421 23*2594 8*1483 *001848 541 
542 293764 159220088 23*2809 8*1533 •(X)1845 542 
543 294849 160103007 23*3024 8 1583 *001842 543 
544 295936 160989184 23*3238 8 1633 *(X)1838 544 
545 297025 j 161878625 23*3452 8*1683 •001835 545 

546 298116 162771336 23*3666 8*1733 *001832 546 
547 299209 163667323 23*3880 8*1783 •001828 547 
548 300304 1 161566592 23*4094 8*1833 *001825 548 
549 301401 165469149 23*4307 8 1882 *001821 549 
550 302500 166375000 23*4521 8*1932 *001818 550 

551 303601 167284151 23*4734 8*1982 *001815 551 
552 304704 168196608 23*4947 8*2031 *001812 652 
553 305809 169112377 23*5160 8*2081 *001808 553 
654 306916 170031464 23*5372 8*2130 *001805 554 
555 308025 170953875 23*5584 8*2180 *001802 555 

566 309136 171879616 23*5797 8*2229 •001799 556 
557 310249 1 172808693 23*6008 8*2278 *001795 557 
558 311364 173741112 23*6220 8*2327 ‘001792 568 
559 312481 174676879 23*6432 8*2377 *001789 659 
660 313600 1 175616000 23*6643 8*2426 001786 660 

n n- ■ n 



POWERS, ROOTS, AND RECIPROCALS 123 

Squares, Cubes, Square Roots, Cube Roots, and 
Reciprocals of Numbers {continued). 

— - - ~ — -- --- 

n n2 n‘^ sjn > 
1 

”n 
u 

56] 314721 176558481 23*6854 8 2475 *001783 561 
562 315841 177504328 23*7065 8*2521 *001779 562 
563 3169()9 178153547 23*7276 8*2573 •001776 563 
564 318096 179106144 23*7487 8*2621 *001773 564 
565 319225 180362125 23*7697 8 2670 •001770 565 

566 320356 181321496 23*7908 8*2719 •001767 666 
567 321489 1822S4263 23*8118 8*2768 *001764 667 
568 322624 183250432 23*8328 8*2816 *(K)1761 568 
569 323761 184220009 23*8537 8*2865 •001757 569 
570 324900 185193000 23*8747 8*2913 •001754 570 

571 326041 186169411 23 8956 8*2962 ‘001751 571 
572 327184 187149248 23*9165 8*3010 •()()174S 572 
573 328329 188132517 23*9374 8*3059 •001745 573 
574 329476 189119221 23*9583 8*3107 *001742 574 
575 330625 190109375 23*9792 8*3155 (K)1739 575 

576 331776 191102976 24 8*3203 *(K)1736 576 
577 332929 192100033 24*0208 8*3251 *(K)1733 577 
578 334084 193100552 21*0416 8*3300 •(K)1730 578 
579 335241 191104539 21*0624 8*3348 *001727 579 
580 336400 195112000 24 0832 8*3396 i •001724 580 

581 337561 196122941 21*1039 8*3443 *001721 581 
582 338724 197137368 24*1247 8*3491 1 001718 582 
583 339889 198155287 24 1454 8*3539 *001715 583 
584 341056 199176704 24*1661 8*3587 1 *001712 584 
585 342225 200201625 24*1868 8*3634 1 *001709 585 

586 343396• 201230056 24*2074 8*3682 *001706 586 
587 344569 202262003 | 24*2281 i 8*3730 •001704 587 
588 345744 203297472 1 24 *2487 ; 8*3777 *001701 588 
589 346921 204336469 ; 24*2693 8*3825 *001698 589 
590 348100 205379000 24*2899 1 8*3872 •001695 590 

591 349281 206425071 24*3105 8*3919 ^ •001692 591 
592 350464 207474688 24*3311 8*3967 •001689 592 
593 351649 208527857 I 24*3516 1 8*4014 •001686 593 
594 352836 1 209584584 24*3721 8*4061 •001684 594 
595 354025 210644875 24*3926 8*4108 j •001681 695 

n n* n* N/n ilr>. 1 
! & 

n 



124 POWERS, ROOTS, AND RECIPROCALS 

Squares, Cubes, Squaxe Boots, Cube Boots, and 
Reciprocals of Numbers {continued). 

1 ^ 
n“ 

1 
xVn n 

596 355216 211708736 24 4131 8*4155 *001678 596 
597 356409 212776173 24 4336 8*1202 (H)1675 597 
598 357601 213847192 21 4540 8*1249 •001672 598 
599 358801 214921799 21 4745 8 4296 •001669 599 
600 360000 216000000 24*4919 8 4343 *CX)1667 600 

601 361201 217081801 24*5153 8-1390 001664 601 
' 602 362101 218167208 24 *5357 8*1437 *001661 602 

603 363609 219256227 24*5561 8*1181 001658 603 
604 364816 220348864 24 5764 8*1530 '001656 604 
605 366025 221445125 24*5967 8 4577 *(K)1653 605 

1 606 36723(; 222545016 24*6171 8 1623 ‘001650 (>06 
607 368449 223618543 24*6374 8*1670 •001647 607 

' 608 369664 224755712 24 6577 8*4716 001645 608 
609 370881 225866529 24-6779 8 4763 •001642 609 
610 372100 226981000 21 *6982 8*4809 •(X)1639 610 

1 611 373321 228099131 24*7184 8*4856 *001637 611 
612 374511 229220928 24*7386 8*4902 *001634 612 

, 613 375769 230346397 24 7588 8*4948 *001631 613 
614 376996 ' 231475544 21*7790 8*4994 ‘ 1 *001629 614 I 

615 378225 232608375 24*7992 8*5040 •001626 615 

, 616 379456 233744896 24*8193 8*5086 *001623 616 
617 380689 234885113 24*8395 8*5132 ' 001621 617 
618 i 381924 236029032 24*8596 8*5178 *001618 618 
619 383161 237176659 24 8797 8 5224 '(X)1616 619 
620 384400 238328000 24*8998 8*5270 ' *001613 i 620 

621 3H5641 239483061 24*9199 8*5316 *001610 i 621 
622 386884 240641848 24*9399 8*5362 ■001 (;08 622 
623 388129 241804367 24*9600 8*5408 1 *001605 623 
624 389376 242970624 24*9800 8-5453 *001603 624 
626 390625 244140625 25 . 8*5499 i j *001600 625 

626 391876 245314376 ! 25*0200 8*5544 ’ ' *001597 626 
627 393129 246491883 25*0400 8-5590 1 •001595 627 
628 394384 247673152 25*0599 8-5635 *001592 628 
629 395641 248858189 25*0799 8*5681 *001590 629 
630 396900 250047000 25*0998 8-5726 j •001587 630 

n n« n* x/n 4/11 { 
1 
n 



POWERS, ROOTS, AND RECIPROCALS 125 

Squares, Cubes, Square Hoots, Cube Hoots, and 
Heciprocals of Numbers {continued). 

u 1 n2 
1 

1 
1 

631 398161 251239591 
632 399424 1 252435968 
633 400689 253636137 
634 401956 1 254840104 
635 403225 1 256047875 

636 401496 257259456 
637 105769 258474853 
638 407044 259691072 
639 408321 260917119 
640 109600 262144000 

641 110881 263374721 
642 412161 261609288 
643 413449 265847707 
644 414736 267089984 
645 416025 268336125 

646 417316 269586136 
647 418609 270840023 
648 419904 272097792 
649 421201 273359449 
650 422500 274625000 

651 423801 275894451 
652 ! 425104 277167808 
653 426409 278445077 
654 427716 279726264 
655 429025 281011375 

656 430336 282300416 
657 431649 283593393 
658 ! 432964 284890312 
659 434281 286191179 
660 435600 287496000 

661 436921 288804781 
662 438244 290117528 
663 439569 291434247 
664 440896 292754944 
665 442225 294079625 

n n2 n* 

1 
n 

n 

25*1197 1 8*5772 *001585 

_ 
631 

25*1396 8 5817 *001582 632 
25 1595 8*5862 •001580 633 
25 1794 8*5907 •001577 634 
25*1992 8*5952 *001575 635 

25*2190 1 8*5997 001572 636 
25*2389 1 8*6043 CK)1570 637 
25*2587 8 6088 *001567 638 
25*2784 8*6132 *001565 639 
25 2982 8 6177 •(K)1563 640 

25*3180 8 6222 *001560 641 
25 3377 8*6267 001558 642 
25*3574 8*6312 *001555 643 
25 3772 8 6357 001553 644 
25 3969 8*6401 001550 645 

25*4165 8*6446 •001548 646 
25*4362 8*6490 •001546 647 
25*4558 8 6535 •001543 648 
25*4755 8*6579 •001541 649 
25*4951 8*6624 001538 650 

25*5147 8 *6668 *001536 651 
25 5343 8 6713 *001534 652 
25*5539 8*6757 *001531 653 
25*5734 8*6801 1 *001529 654 
25*5930 8*6845 •001527 , 655 

25*6125 8*6890 *001524 * 656 
25 6320 8*6934 001522 657 
25*6515 8*6978 001520 658 
25*6710 8*7022 *001517 659 
25*6905 8 7066 *001515 660 

25*7099 8*7110 *001513 661 
25*7294 8*7154 *001511 662 
25*7488 8*7198 *001508 663 
25*7682 8*7241 *001506 664 
25*7876 8*7285 *001604 665 

N/n ifn 1 
n 

n 
1 



126 POWERS, ROOTS, AND RECIPROCALS 

Squares, Cubes, Square Roots, Cube Roots, and 
Reciprocals of Numbers {continued). 

n n2 n* s/n 4/n 
1 
n 

n 

660 443556 295408296 25 8070 8 7329 -001502 666 
667 444889 296740963 25-8263 8-7373 -001499 667 
66H 446224 298077632 25-8157 8-7416 ■001497 668 
6(>9 147561 299418309 25-8650 8-7460 '001495 669 
670 1 148900 300763000 25 8844 8 7503 '001493 670 

671 450241 302111711 25-9037 8-7547 ■001490 671 
672 451584 303464448 25-9230 8 7590 ■001488 672 
673 452929 304821217 25-9422 8-7634 ■001486 673 
674 454276 306182024 25-9615 8-7677 ■001484 671 
675 1 455625 307546875 25-9808 8-7721 ■001481 675 

676 456976 308915776 26 8-7764 (K)1479 676 
677 458329 310288733 26-0192 8-7807 001477 677 
678 459684 311665752 26 0384 8-7850 001475 678 
679 401041 313046839 26-0576 8 7893 ■001473 679 
680 4624(K) 314432000 26 0768 8-7937 •001471 680 

681 463761 315821241 26-0960 8-7980 -(X)1468 681 
682 465124 317214568 26'1151 8-8023 001466 682 
683 466489 318611987 26 1343 8-8066 -001464 683 
684 467856 32(K)13504 26-1534 8-8109 ■(K)1462 684 
685 469225 321419125 26-1725 8-8152 ■(K)1460 685 

686 470596 322828856 26-1916 8-8194 ■(K)1458 686 
687 471969 324242703 ! 26 -2107 8-8237 001456 687 
688 473344 325660672 26-2298 8-8280 •001453 688 
689 474721 327082769 26-2488 8-8323 •001451 689 
690 476100 328509000 26-2679 8-8366 •001449 690 

691 477481 329939371 26-2869 8-8408 •001447 691 
692 478864 331373888 26-3059 8-8451 •001445 692 
693 480249 332812557 26-3249 8-8493 •001443 693 
694 481636 334255384 26-3439 8-8536 ■001441 694 
695 483025 335702375 26 3629 8-8578 •001439 695 

696 484416 337153536 26 3818 8-8621 -001437 696 
697 485809 338608873 26-4008 8-8663 •001435 697 
698 48^7204 340068392 26-4197 8-8706 -001433 698 
699 488601 341532099 1:6-4386 8-8748 ■001431 699 
700 490000 343000000 26-4575 8-8790 001429 700 

• 

n n® Jn 1 
n n 



POWERS, ROOTS, AND RECIPROCALS 1^7 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers {continued) 

n n- 1 
n n 

— — — — — — — — 

701 491401 344472101 26-4764 8-8833 -(4)1427 701 
702 492S04 345948408 26 4953 8-8875 •001425 702 
703 491209 347428927 26-5141 8-8917 001422 703 
704 495616 348913664 26-5330 8-W)59 •001420 704 
705 497025 350402625 26-5518 8 9001 •001418 705 

700 498436 351895816 26-5707 8-9043 •001416 706 
707 499849 353393213 26-5895 8 9085 •001414 707 
708 501264 354894912 26 6083 8-9127 •001412 708 
709 502681 356400829 26-6271 8-9169 •001410 709 
710 504100 357911000 26-6458 8-9211 •001408 710 

711 505521 359425431 26-6646 8-9253 001406 711 
712 506944 360944128 26-6833 8 9295 001404 712 
713 508369 362467097 26-7021 8-9337 001403 713 1 
714 509796 363994344 26-7208 8 9378 001401 714 
715 511225 365525875 26 7395 8-9420 001399 715 

716 512656 367061696 26-7582 8-9462 •(i()]397 716 
717 C14089 368601813 26-7769 8-9503 -(01395 717 
718 515524 370146232 26-7955 8-9545 •001393 718 
719 516961 371694959 26-8142 8-9587 •001391 719 
720 , 518400 , 373248000 26-8328 8-9628 001389 720 

721 519841 374805361 26-8514 8-9670 001387 721 
722 521284 376367048 26 8701 8-9711 001385 722 
723 522729 377933067 26-8887 8 9752 •001383 723 
724 524176 379503424 26 9072 8-9794 •001381 724 
725 525625 381078125 26-9258 8-9835 •001379 725 
726 , 627076 382667176 26 9444 8-9876 •001377 726 
727 1 628529 384240583 26 9629 8-9918 •001376 727 
728 529984 , 385828352 , 26-9815 8-9959 •001374 728 
729 531441 387420489 27 9 001372 729 
730 532900 389017000 27-0185 9 0041 001370 730 
731 634361 390617891 27-0370 9-0082 •001368 731 
732 636824 392223168 27-0555 9-0123 •(X)1366 732 
733 637289 393832837 27-0740 9-0164 •001364 733 
734 638766 395446904 ' 27-0924 9-0205 •001362 734 
73B 640226 397065376 27-1109 9-0246 •001361 736 

n n2 ^/n i. 
n 

n 



128 POWERS, ROO'rs, AND RECIPROCALS 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers {continued). 

n n“ 
i 

x/n \ 1 

1 » 
n 

73(j 541696 1 398688256 27*1293 9*0287 •001359 736 
737 513169 1 400315553 27*1477 9 0328 *001357 737 
738 541611 401947272 27*1662 9*0369 *001355 738 
739 546121 403583419 27*1846 9*0410 •001353 739 
740 547600 405224000 27*2029 9 0450 *001351 740 

741 549081 4068(>9021 27*2213 9*0491 *001350 741 
742 550564 408518488 27-2397 9*0532 *001348 742 
743 552049 410172407 27*2580 9 0572 001346 743 
744 553536 411830784 27*2764 9*0613 *(X)1344 744 
745 555025 413493625 27*2947 9*0654 *001342 745 

746 556516 115160936 27*3130 9*0694 •001340 746 
747 558009 41(i83272;{ 27*3313 9 0735 *001339 747 
748 559504 418508992 27 3196 9 0775 *001337 748 
749 561 (X)l 120189749 27*3679 9-0816 *(K)1335 749 
750 562500 421875000 27*3861 9*0856 *001333 750 

751 564(K)1 423564751 27-4044 9 0896 •001332 751 
752 565501 425259008 27*4226 9*0937 *001330 752 
753 567009 426957777 27 4408 9 0977 •001328 753 
754 I 568516 428661064 27*4591 i 9*1017 *(K)1326 754 
755 570025 430368875 | 27 4773 i 9*1057 •001325 755 

756 571536 432081216 27*4955 1 9-1098 *001323 756 
757 573049 433798093 27*5136 9*1138 *001321 757 
758 574564 435519512 27*5318 9*1178 *001319 758 
759 576081 437245479 ' 27*5500 ' 9*1218 •001318 759 
760 577600 438976000 27*5681 9-1258 -001316 760 

761 579121 440711081 27*5862 9*1298 •001314 761 
762 580644 442450728 27 6043 9*1338 •001312 762 
763 582169 444194947 27*6225 9*1378 •001311 763 
764 583696 445943744 27 6405 9*1418 •001309 764 
765 585225 447697125 , 27*6586 9*1458 •001307 765 

766 586756 449455096 1 27*6767 , 9*1498 •001305 766 
767 588289 451217663 | 27-6948 1 9*1537 •001304 767 
768 589824 452984832 27-7128 i 9*1577 •001302 768 
769 591361 454756609 27*7308 ’ 9 1617 •001300 769 
770 592900 456533000 27-7489 9*1657 •001299 770 

n n^ n8 -L 
n n 
_ 



POWEES, ROOTS, AND RECIPROCALS 129 

tfquares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers {continued) 

n 
1 

n- v/n 1 
u 

n 

771 594441 458314011 27*7(5(59 9 1(596 •001297 771 
772 1 595984 4(5(K)99(548 27*7849 9*173(5 (K)l 295 772 
773 , 597529 461889917 27*8029 1 9 1775 •001294 773 
774 ‘ 599()7() 4(53684824 27 8209 9 1815 001292 774 
775 ()CM)625 4(55484375 27*8388 9 1855 001290 775 

77(5 (502176 4(5728857(5 27*8568 9 1894 001289 776 
777 (503 7 29 469097433 27 8747 9 1933 001287 777 
778 (505284 470910952 27*8927 9*1973 •001285 778 
779 60(5841 472729139 27*9106 9 2012 *001284 779 
780 6084(X) 474552(M)0 27*9285 9*2052 *(K)1282 780 

781 6099(51 476379541 27 9464 9*2091 00]280 781 
782 611524 478211768 27 9(543 9*2130 001279 782 
783 613089 480048687 27*9821 9 2170 '001277 783 
784 614656 481890304 28 9*2209 001276 784 
785 (51(5226 48373(5(525 28*0179 9*2248 •001274 785 

786 617796 485587(556 28*0357 9*2287 001272 786 
787 619369 487443403 28*0535 9 2326 *001271 787 
788 620944 489303872 28*0713 9*23(55 •(X)1269 788 : 
789 622521 4911(59069 28*0891 9*2404 *001267 789 i 

790 624100 493039000 28*1069 9*2443 •001266 790 i 

791 625681 494913671 28*1247 9*2482 *001264 791 
792 627264 496793088 28*1425 9*2521 *001263 792 
793 628849 498677257 28 1603 9 •2560 •(X)1261 793 
794 630436 5005(56184 28*1780 9*2599 *001259 794 
795 632025 502459875 28*1957 9*2638 •001268 796 

796 633616 504358336 28*2135 9*2677 *001256 796 
797 635209 506261573 28-2312 9*2716 001256 797 
798 636804 508169592 28 2489 9*2754 •001253 798 
799 638401 510082399 28*2666 9*2793 *001252 799 
800 640000 5120000(X) 28*2843 9*2832 *001250 800 

801 641601 513922401 28*3019 9*2870 001248 801 
802 643204 515849608 28*3196 9*2909 *001247 802 
803 644809 517781627 28 3373 9*2948 1 *001246 803 
804 646416 619718464 28 3549 9*2986 i *001244 804 
806 648025 621660125 28*3726 

1_ 
9*3026 •001242 806 

i 

n 
1 

n2 US 1 x/n 

1 1 

n 



POWERS, ROOTS, AND RECIPROCALS IZO 

Squares, Cubes, Square Roots, Cube Roots, and 
Reciprocals of Numbers [conttrufcd). 

n 11“ 1 x'n 
1 1 
1 n 

n 

806 619686 52860661(5 28 8901 9-8068 •001241 806 
807 651219 525557918 28-4077 9-8102 ■001239 807 
808 652864 527514112 28 4258 9 8140 001288 808 
809 6544^1 529175129 2^-4429 9-8179 •(Kn286 809 
810 656100 581441000 28-l(;05 9-8217 -001285 810 

811 657721 588411781 28-4781 9-3255 -001283 811 
8J2 659844 585887328 28*4956 9-8294 001282 812 
818 6609(59 587867797 28-5182 9 3832 1 001280 813 
814 66259(5 589358144 28-5807 9-8870 ' -001229 814 
815 664225 541848875 28 5482 9-8408 (X)1227 815 

816 665856 518888496 28-5657 9-8447 •001225 816 
817 6(57189 545888518 28-5882 9 81S5 001224 817 
818 6(59124 517843482 28-6007 9 3528 001222 818 
819 670761 549858259 28-6182 9-3561 -001221 819 
820 672400 5518(580(X) 28-6856 9-8599 -001220 820 

821 (571011 558887661 2Sf>.‘!;!l 9-8687 -001218 821 
822 675684 555112248 28-6705 9-8675 (M)1217 822 
823 677829 557111767 28-(;88() 9 3713 '001215 823 
824 i 678976 55917()224 28-7054 9-8751 001214 824 
825 680625 561515625 28-7228 9-3789 •001212 825 

826 682276 568559976 , 28-7402 9*8827 •001211 826 
827 688929 565609283 28-7576 9-3865 •001209 827 
828 685584 567663552 28-7750 9-3902 •001208 828 
829 687241 569722789 28 7924 9-8940 001206 829 
830 688900 571787000 28-8097 9-3978 •001205 830 

831 690561 573856191 28-8271 9-4016 •001208 831 
832 692224 575980868 28-8444 9-4058 •001202 832 
833 698889 578009587 28-8617 9 4091 •(X)1200 833 
834 695556 580093704 28-8791 9 4129 •001199 834 
835 697225 582182875 28 8964 9-4166 •001198 835 

836 698896 584277056 28-9187 9-4204 •001196 836 
837 700569 586876253 28-9310 9-4241 •001195 837 
838 702244 588480472 28-9482 9-4279 •001193 838 
839 703921 590589719 28-9655 9-4316 •001192 839 
840 705600 592704000 28-9828 9-4354 •001190 840 

n n® 4/n 1 
n 

n 



POWERS, ROOTS, AKD RECIPROCALS 131 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers {continued). 

n n2 Jn 4/n 
1 
n 

n 1 

841 707281 594823321 29 9-4391 *(K)1189 841 
842 708964 596947688 29-0172 9*4429 -001188 842 
843 710649 599077107 29 0345 9-4466 •001186 843 
844 712336 601211584 29-0517 9-4503 •001185 844 1 

845 714025 603351125 29-0689 9 4541 •001183 845 

840 715716 605495736 29-0861 9-4578 •001182 846 
847 717409 607645423 29 1033 9-4615 •001181 847 
848 719104 609800192 29 1204 9-1652 •001179 848 
849 720801 611960049 29-1376 9-4690 ■001178 849 
850 722500 614125000 29 1548 9-4727 001176 850 

851 724201 616295051 29 1719 9-4764 001175 851 
852 725904 618470208 29-1890 9-4801 001174 852 
853 727609 620650477 29 2062 9*4838 •001172 853 
854 729316 622835864 29-2233 9-4875 001171 854 
855 731025 625026375 29-2404 9-4912 •001170 855 

856 732736 627222016 29-2575 9-4949 •001168 856 
857 734449 629422793 29 2746 , 9-4986 -001167 857 
858 736164 631628712 29-2916 9-5023 •001166 858 
859 , 737881 633839779 29-3087 9-5060 •001164 859 
860 739600 636056000 29-3258 1 9-5097 •001163 860 

861 741321 638277381 29-3428 1 9*5134 •001161 861 
862 743044 640503928 29-3598 ! 9-5171 •001160 862 
863 744769 642735647 ' 29*3769 9-5207 •001159 863 
864 746496 644972544 29-3939 9-5244 •001157 864 
865 1 748225 647214625 29-4109 9-5281 •001156 865 

866 749956 649461896 29*4279 9-5317 •001155 866 
867 751689 651714363 29-4449 9-5354 •001153 867 
868 753424 653972032 29*4618 9-5391 (X)1162 868 
869 755161 656234909 29-4788 9-5427 •001151 869 
870 756900 1 658503(X)0 29-4958 9-5464 •cm 149 870 

871 758641 ! 660776311 29-5127 9-5501 •001148 871 
872 760384 663054848 29*5296 9-5537 •001147 872 
873 762129 665338617 29-5466 9-5574 •001145 873 
874 ; 763876 i 667627624 29-5635 9-5610 •001144 874 
875 ! 765626 1 

1 
669921875 29-5804 9-5647 •001143 875 

a i 
1 

n» 4/11 JL 
ja 

n 



132 TOWERS, ROOTS, AND RECIPROCALS 

Squares, Cubes, Square Roots, Cube Roots, and 
Reciprocals of Numbers [continued). 

n n** 1 x'li 1 
1 

1 
n 1 “ 

870 767870 072221370 1 29 5973 , 9 5083 001142 876 
877 709129 071520133 29-0142 1 9-5719 •0011 40 877 
878 7708S1 070830152 29 0311 i 9-5750 -001189 878 
879 772041 679151489 29-0479 9 5792 -001138 879 
880 774400 ()81472000 29-6648 9-5828 -001130 880 

881 776101 083797841 1 29-0810 9 5865 -{X)1135 881 
882 777924 080128908 29 0985 9-5901 -(X)1134 882 
888 779689 088405387 29-7158 9-5987 -(X)I133 883 
884 781450 090807104 29-7321 9-5973 -001131 884 
885 783225 693154125 29-7489 9-0010 -001130 885 

880 784990 695500450 29*7058 9-0040 -{X)1129 886 
887 786709 697804103 29 7825 9-6082 -(M)1127 887 
888 788544 700227072 29-7993 9-6118 -(Kill 20 888 
889 790321 1 702595369 29*8101 9-0154 -001125 889 
890 792100 j 704969000 29-8329 9 0190 -001124 890 

891 793881 707347971 29-8496 9-0226 -(X)1122 891 
892 795004 709732288 29 8064 9-6202 -001121 892 
898 797449 712121957 29-8831 9-0298 -001120 893 
894 799286 714516984 29*8998 9-0884 (X)1119 894 
895 801025 710917375 29-9166 i 9-0370 -(K)1117 895 

896 802816 719323130 29-9333 9-0400 -(X)1116 896 
897 804609 721734273 j 1 29-9500 9-0442 -fX)1115 897 
898 806404 724150792 ' ' 29-9006 9 6177 -001114 898 
899 808201 720572099 1 29-9833 9-0518 •(X)1112 899 
900 810(XX) 7290000<JO 30 9-6549 001111 900 

901 811801 731432701 1 30-0107 9-6585 -001110 901 
902 813604 733870808 30 0333 9 6620 (X)1109 902 
908 815409 730314327 | 30 0500 9-6056 -001107 903 
904 817216 738763264 j 30 0666 9-6692 -001106 904 
905 819025 741217625 30-0832 9 6727 001105 905 

906 1 820836 743077416 i 30-0998 9-6763 •001104 906 
907 j 822649 740142648 30-1164 9-6799 •001103 907 
908 824404 748013312 30-1330 9-6834 •001101 908 
909 ' 826281 751089429 30-1490 9-0870 •001100 909 
910 1 828100 763571(K)0 30-1062 9-6905 •001099 910 

XL s/n 4/n 
1 
n n 1 



POWERS, ROOTS, AND RECIPROCALS 133 

Squares, Cubes, Square Hoots, Cube Hoots, and 
Heciprocals of Numbers {continued). 

n n® s!^ ^/n 1 
n n 

911 829921 756058031 30 1828 9 6941 -001098 911 
912 831744 758550528 30*1993 9-6976 -001096 912 
913 833569 761048497 30-2159 9-7012 •001095 913 
911 835396 763551944 30*2324 9-7047 •001094 914 
915 837225 7(;6060875 .30'2 UK) 9-7082 •001093 915 

91() 831K)56 768575296 30-2655 9 7118 •(K)1092 916 
917 840889 771095213 30-2820 9-71.53 •001091 917 
918 842724 773620632 30-2985 9-7188 •001089 918 
919 844561 776151559 30-3150 9-7224 •001088 919 
920 846400 778688000 30*3315 9-72.59 •001087 920 

921 848241 781229961 30*3480 9-7294 (K)]086 921 
922 85(K)84 783777448 30 3645 9-7329 -001085 922 
923 851929 786330467 30 *,3809 9*7364 •001083 923 
921 853776 788889024 30*3974 9-7400 *001082 924 
925 855625 791453125 30-4138 9-7435 •001081 925 

926 857476 794022776 30-4302 9-7470 •001080 926 
927 859329 796597983 30-4467 9-7505 •001079 927 
928 861184 799178752 30*4631 9-7540 •(K)1078 928 
929 863041 801765089 30-4795 9-7575 -001076 <)29 
930 864900 804357000 30-4959 9-7610 •001075 930 

931 866761 806954491 30*5128 9-7645 •001074 931 
982 868624 809557568 30-5287 9-7680 -001073 932 
933 870489 1 812166237 30-5450 9-7715 •001072 933 
934 872356 814780,504 30 5614 9-7750 •001071 934 
935 874225 8174f>0375 30-5778 9-7785 •001070 935 

936 876096 820025856 30-5941 9-7819 •001068 936 
937 877969 822656953 30-6105 9-7854 •001067 937 
938 879844 825293672 30-6268 9-7889 : •001066 938 
939 881721 827936019 30-6431 1 9-7924 •001065 1 939 
940 883600 830584000 1 30-6594 9-7959 •001064 1 940 

941 885481 833237621 30-6757 9-7993 *001063 941 
942 887364 835896888 ! 30-6920 ! 9-8028 *001062 942 
943 889249 838561807 ! 30-7083 9-8063 •001060 943 
944 891136 841232384 30-7246 9-8097 -001059 944 
946 893025 843908625 30-7409 9-8132 •001058 946 

n n^ n® n/h SJn 1 
n 

n 



134 POWERS, ROOTS, AND RECIPROCALS 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers [contimied) 

n Vn i!n 
1 
n 

n 

946 8919l() 816590536 30-7571 9-8167 -001057 946 
947 896809 849278123 30 7734 9 8201 001056 947 
948 89S704 851971392 30 7896 9*8236 -001055 948 
949 900601 854670349 30 8058 9 8270 -001054 949 
950 902500 857375000 30-8221 9-8305 -001053 950 

951 904401 860085351 30-8383 9-8339 •001052 951 
952 906304 86280140k 30 8515 9 8374 •001050 952 
953 908209 865523177 30-8707 9-8408 •001019 953 
954 910116 868250664 30-8869 9-8 443 CK)1018 954 
955 912025 870983875 30 9031 9-8477 •001047 955 

956 913936 873722816 30 9192 9-8511 •001016 956 
957 915849 876167493 30-9354 9 8546 ‘001045 957 
958 917764 879217912 30 9516 9 8580 •(K)1044 958 
959 919681 881974079 30-9677 9-8614 •001043 959 
960 921600 884736000 30-9839 9 8648 (X)1042 960 

961 923521 887503681 31 9 8683 001041 961 
962 925414 890277128 31-0161 9-8717 •001040 962 
963 927369 893056347 31 -0322 9-8751 •001038 963 
964 1 929296 1 895811344 31 -0483 9-8785 •(K)1037 964 i 
965 i 931225 , 898632125 1 31-0614 9-8819 001036 965 1 

966 933156 ' ' 901428696 1 31-0805 9-8854 •001035 966 1 
967 935089 j 901231063 1 31-0966 9 8888 •001034 967 1 
968 937024 907039232 ' 31-1127 9-8922 •001033 968 i 
969 ' 938961 1 909853209 31 1288 9-8956 •001032 969 , 
970 940900 i 912673(K)0 1 31-1448 9-8990 •001031 970 

971 942841 , 915498611 i 31-1609 I 9-9024 •001030 971 
972 944784 ’ ' 918330048 i 31-1769 i 9-9058 ■001029 972 
973 946729 921167317 31-1929 9 9092 •001028 973 
974 948676 924010424 31-2090 i 9-9126 •001027 974 
975 950625 926859375 31-2250 9 9160 ! •(K)1026 975 

976 962576 929714176 31-2410 9 9194 •001025 976 
977 954529 932574833 31-2570 9 9227 •001024 977 
978 956484 935441352 31-2730 9-9261 •(X)1022 978 
979 958441 938313739 31-2890 9-9295 •001021 979 
980 960400 941192000 31-3050 s 9-9329 •001020 980 

n j 1 n® Vn Vn 
1 
n n 



POWERS, ROOTS, AND RECIPROCALS 135 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Numbers [concluded). 

n ^/n 1 
n n 

9«1 ' 902301 914070141 31 -3205) 9 5)303 001019 981 
982 904324 910900108 31 -3305) 9*5)3.90 *001018 982 
983 900289 919802087 31*3528 5) 9130 001017 983 
981 i 908230 31 -3088 9 9101 001010 984 
983 970223 933071023 31 3847 9 9197 *001015 983 

980 972190 938583250 31 10(‘0 9 5)531 *001014 980) 
1 987 971109 901501803 31 1100 9 9505 •001013 987 
' 988 970111 901130272 31*1325 9*9598 *1K)1012 988 

989 978121 907301009 31*4184 9*9032 •(HllOll 989 
990 980100 970299000 31 1013 5) 9000 *001010 990 

991 982081 973242271 31 1802 5) *5)099 •001009 95)1 
992 984004 i 970191488 31 *45)00 5) *9733 •001008 992 

/ 993 980019 979140057 31*3119 9 9700 •()010()7 993 
991 988030 5)82107781 31 *3278 5) 9800 •001 (K)0 994 
993 990023 ; 5)85071873 :U *5430 9*9833 •001005 995 

990 992010 1 ' 988017930 :*»1 *555)5 9*98(;() (K)1004 996 
997 994009 991020973 31 *5733 9 5)5)(M) •001003 997 
998 990004 5)940115)92 31*5911 9 5)5)33 •001002 998 
999 998001 ' 9970025)5)5) 31 0070 5) *5)5)07 (X)lOOl 95)5) 

1000 1000000 1000000000 31 *0228 10 
i 

•001 (X)0 
1 __ 

1000 

1 
i 

Vn 
. 

1 
^ 1 

n 



- 136 POWERS, ROOTS, AND RECIPROCALS 

Squares, Cubes, Square Boots, Cube Boots, and 
Beciprocals of Fractions. 

n n- v/n n 

*0(K)98 •00003 •17678 •31198 32-00000 A 
00024 •2.5(K)0 •39685 16-00000 1 ITT 

3 2 •(K)879 0(K)82 •30619 •45128 10 •66.667 aV 
1 •()J562 •00195 •353.55 •5tK)(K) 8 00000 

•02441 •(X)381 39528 -.5.3861 G'4(XX)0 h 
iV •03516 (X)659 •43301 1 *57236 5-.33333 \ 

1 
04785 •01017 •46771 •60251 4 57143 

i •0G250 •01562 •50000 •62996 4-00000 i 
07910 ‘02225 •53033 •6.5.519 3'55r)56 s? 

•097G6 •03052 •55902 67860 3-2(X)00 I'b 
H •11816 •01062 •58630 •70051 2*90909 a 

i •14062 •05273 61237 •72112 2 66667 8 

a'!' •1G504 •06705 •63738 •74062 2 46154 

iV •19111 •08371 •66144 •75915 2-28571 I'tJ 
•21973 10300 •68165 •77681 2 13333 

4 25000 •12500 •70711 1 *79370 2-(X)000 h 
•28223 ' -14993 •72887 1 -80990 1 -88235 
•31641 1 -17798 •750(X) •82548 1-77778 

it •35254 1 -20932 •77055 •84049 1-6842] il 
) 1 1 

•39062 •24414 •79057 •85499 1-60000 ^ 1 

1 •43066 •28262 •81009 86901 1-52381 u 
H •47266 •32495 •82916 •88259 1-45455 1 H 

14 51660 1 •37131 •84779 •89576 1-39130 e 
3 Ik •56250 •42187 •86603 •90856 1-333.33 1 i 

i •61035 •47684 •88388 •92101 1-28000 I'l 
' « •66016 •53638 •90139 •93313 1 -23077 u 
1 14 •71191 •60068 •91856 •94494 1 •18.519 1 f ^ 
1 i 

•76562 •66992 •93541 1 -95647 1-14286 1 1 

' n •82129 •74429 •95197 •96772 1*10345 R 
a •87891 •82397 •96825 1 -97872 1-06667 H 

44 •93848 •90915 •98425 ' 1 *98947 
1 

1-03226 u 

n 1 nS 1 
n n 



TABLES OF ALIQUOT PARTS 137 

Tables of Aliquot Parts. 

One quantity is said to be an aliquot part of another when the 
first is contained in the second an exact number of times ; thus, 
Is. 8d. IS an aliquot part of £1, because £1 = 12 times Is. 8d., or 

Is. 8d. = iVof 

Money 

10s = ^ of £1. Hs. 4d.= of 10s. Is. Hd.= of 5s. 

(Is Hd — \ 2s.Gd.= i „ Is. ;3d.= | „ 

5b. = 1 Is. Hd = „ 10d. = i „ 

4s. = } ls.:id.= i „ 74d- = J „ 
3s. 4(1 = 1 10(1.= iV „ lb 4d =^ of 4s. 

2s. (id = \ 9d. = ]’,■) of 7h (>d. Hd. = J „ 

2n = I'r, >1 Is Hd. _ J of ()b. Hd. lod. =1 of .3s. 4d. 

U ><d = Is. id.= ; (Hd.r^l „ 

Is. 4d.= |', 10(1, = ^ „ 10d. = !S of 2s. 6d. 

lb, .3d. = Hd. = „ j l^d. = 1 of Is. 

Lengrth. 

U40yds.= \ of 1 ml. 9 in. = i of 1 yard. 
1 

4 in. = J of 1 foot. 
852 yds = ^ 6 in. = ^ „ 3 in =} „ 
220 yds. = ^ »I H in. = l 2 in. = J „ 

170 yds. = ) j 4 in. = 1 „ liin.=l „ 

Avoirdupois Weight. 

11201bs. = J of 1 ton. 280 lbs.= i of 1 ton.^ 16 lbs. = f of 1 cwt. 
560 lbs. = 1 „ 2241bs. = TV » 1 14 lbs. = 1 
4481b.s.=J „ 56 lbs. = ^ of 1 cwt. 8 lbs.= ,Ji >> 
320 lbs. = J „ 28 lbs. = i „ j 7 lbs. = A it 



138 DECIMAL EQUIVALENTS OF VULGAR FRACTIONS 

Decimal Equivalents of Vulgar Fractions. 

Vulgar Dec irnal Vulgar i Dec imal Vulgar Decimal 
Fractions Eciuivalents Fractions Ecjiiivalents. Fractions 

_ 
Equivalents. 

A •oi.nr)2r> H 34375 *4 •071875 

ih •03125 2 1 
ff4 1 -359375 u •0875 

•046H75 « 1 -375 H 703125 

iV •0025 ivl 1 -390(;25 0 •? 
n i •71875 

r, •078125 1 1 3 . 1 *10025 4 r 
tl t •731375 

•09375 si •421^^75 ! 
4 75 

•109375 1 6 -4375 ri 705625 
1 •125 2 <» 

3 4 ' -453125 2 f) 
ITS •7S125 

Si •110025 1 i> 35 -40875 5 1 
ff4 *790875 

r> •15025 t 1 
F 4 •181375 1 t 

1 S •8125 

n •171875 1 ^ •» u •828125 
•1875 \ 1 

• 4 •515025 1 * 84375 

¥4 •203125 Vs 1 53125 5 5 <r4 859375 
•21875 i • 

3 4 j *510875 7 •875 

U •231375 » 
1 « 1 *5025 r> 7 ? 4 •890025 

1 
4 •25 ir «T4 , -578125 2 0 1 •90025 

il •205025 •59375 ^ 1> •921875 
i* 

35 •28125 i9 Si 0011375 I C : -9375 

n •296875 fi 
s 1 025 0 1 Sf •953125 

■/?r ' •3125 u ' -640025 •90875 

n •328125 ' *05025 fi 3 
Si •981375 

Inches and Fractions of an Inch expressed as 
Decimals of a Foot. 

Inches •0 /8 

0 •01042 •02083 •03125 •04167 •05208 •0625 •07292 
1 •08,^33 ■09375 •1041 7 •11458 •325 •13542 •14583 •15626 
2 •16067 •17708 •1875 •19792 •20833 •21875 •22917 •23958 
3 •25 •26042 •27083 •28125 •29167 •30208 •3126 •32292 

4 •33333 •34375 •35417 •36458 •375 •38542 •39683 •40625 
6 •41667 -42708 •4375 i •44792 •45833 •46875 •47917 i *48958 
6 *5 •51042 •52083 •53125 •64107 •55208 •5625 1 *57292 
7 •58333 •59375 •60417 •61458 •625 •63542 •64683 *66626 

8 •66667 •67708 •6875 •69792 •70833 •71875 •72917 ‘73958 
9 •75 •76042 •77083 •78125 •79167 •80208 •8125 •82292 

10 ■83333 •84375 •85417] •86458 •875 •88642 •89683 •90626 
11 •91667 •92708 •9375 1 *94792 ■96833 

i 
•96876 ! -97917 •98968 

^ inch = *006208 foot; ^ inch = *002604 foot; ^ inch=*001302 
foot. 
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NOTES ON OEOHETHT. 

A circle is a plane figure contained by one 
line, wLich ih called the cn cumference^ and is 
such, that all straight lines drawn from a 
certain point within the figure to the circum¬ 
ference are equal to one another ; and this 
point is called the centie of the circle. 

In a segment BA DC of a circle the angle 
BOC at the centre is double of the angle 
BAC at the circumference. 

Angles BA C and BDC in the same segment 
of a circle are equal to one another. 

The angle in a semicircle is a right angle. 
Similar segmentsS of circles are those which 

contain equal angles. 

In a quadrilateral A BCD inscribed in a 
circle the opposite angles A BC and ADC are 
together equal to two right angles. Also the 
opposite angles BAD and BCD are togethiT 
equal to two right angles. 

Also AC^BT) = ABx CD ^ AD X B(\ 

A diameter DE which bisects a chord A B 
is at right angles to that chord. Hence the 
construction for drawing a circle througli 
three points, A, B, and C. Bisect the straight 
lines AB and BC by straight lines at right 
angles to them. These bisecting lines will in¬ 
tersect at the centre 0 of the circle required. 

To describe an arc of a circle through three 
points, A, B^ and (7, when the centre of the 
circle is inaccessible. With centres A and B ^ 
describe arcs BH and AH, Join AC and BC^ 
and produce these lines to meet the arcs at zA. 
if and K. Mark off short equal arcs H\, Ki. 
The intersection P of the lines Al, B\, is / \ 
another point on the arc required. In like 
manner other points may be found. A fair A 
onrYO drawn through these points is the arc 
required. 
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If PR is a tangent to the circle PT T, and P is the point of 
, < contact, PR is at right angles to the radius 

diameter through P. 
f / To draw a tangent to the circle PTV from 

/^' \\ a- point a outside the circle. With centre 
I \ S describe an arc OTU to pass through 0, 

j ' ^ the centre of the circle. With centre 0 and 
Ip R ^ radius equal to the diameter of Uie circle 

describe an arc to cut the arc OTU at U. 
Draw or, cutting the ciicle at V. NT is the tangent required 
and V is the point of contact. 

To draw a tangent to two given ciicles. Make I)E~BC Draw 
a circle, with centre A and radius AE. Draw BF a tangent to 
this circle, F being the point of contact. Draw the line APy 

meeting the given circle, whose centre is at II. Draw BK 
parallel to AH. IIK is a tangent to both the given circles. 

The angle ABO between the chord AB and the tangent BO 
to the circle at the point B is equal to the 
angle ADB in the alternate segment. 

To inscribe in the circle ABD k triangle 
equiangular to the triangle EFH. Draw 
the tangent KBC. Draw AB^ making the 
angle ABC = angle F. Draw DB, making 
the angle DBK — angle H. BDA is the 
triangle required. 

On a given line to describe a segment of a circle which 
shall contain an angle equal to 
a given angle C. Draw AD, 
making the angle wangle 

, a. Draw AO at right angles to 
f AD. Bisect AB at E. Draw 

EO at right angles to ABy meet¬ 
ing AO at 0. 0 is the centre^ 
and OA is the radius of the 

circle, of which the segment AFB shall contain an an|de sa 
angle (7. 
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“7^ 

AB and 01) are any two chords of a circle 
intersecting at E. AE x BE— CE x 1)E. 

FU is a tangent to the cm‘lo ACBD^ J1 
being the point of contact. FKL is a line cut¬ 
ting the circle at K and X. FJ1^= FK x FL. 

To bisect the angle between two straight lines. (1) The 
lines AB^ A(\ intersect within the paper. 
With centre A describe an arc 1)E. With 
centres 1) and E describe arcs, with equal 
radii, to intersect at F. The line AF bisects 
the angle BAi\ (2) The lines //A', ZJ/, do 
not intersect within the paper. Draw AB 
and parallel to 11 K and LM respectively, 
and at equal distances from them, so that 
the point A is accessible. The line A F, whicli 
bisects the angle BA(\ is the line required. 

To draw the inscribed and escribed circles of a triangle ABC. 
The inscribed circle is the one w^hich touches 
each of the three sides. An escribed circle 
touches one side and the other two produced. 
There are three escribed circles to a triangle. 
When a circle touches each of two straight 
lines its centre lies on the line bisecting the 
angle between them. 0 is the centre of the ^ B 
inscribed circle, and Oi is the centre of one of the escribed 
circles. 

To draw a series of circles to touch one another and two lines 
A B, CD. Draw EF^ bisecting the angle be¬ 
tween AB and CD. Let E be the centre of 
one circle : its radius is EA, the perpendicu¬ 
lar on AB. Draw UK perpendicular to EF. 
Make KL ~ KH. Draw LM perpendicular 
to AB. M is the centre of the next circle. 

To draw a circle to pass through the point 1) and touch the 
lines AB and AC. Draw AE^ bisecting the 
angleJ5A(7. Take any point in AX'. Draw 
X'i? perpendicular to AB. With F as centre * 
and Fit as radius describe a circle to cut the 
line AD at K. Draw DO parallel to KF, ; 
meeting AE at 0. 0 is the centre, and OD ^ 
the m4iu« of the circle required. a i 
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To draw a circle to touch two lines AB^ 
Cl), and a circle EF Draw UK and LM 
parallel to and CD respectively, and at 
distances fiom them equal to the radius EK 
of the circle EF. Draw a circle to pass 
through N, and touch the lines UK, LM. 0 
the centre of this circle, is the centre of the 
circle required. 

To draw a circle to touch the line A B and 
])ass thioHgh the points 6^and D. Draw CD, 
«md produce it to cut AB at E. Make 
EF = ED. On CF describe a semicircle. 
Draw Ell perpendicular to CF to meet the 
semicircle at II. Make EK = EH. Draw 
KO peipendicular to AB. Draw LO, bisect¬ 
ing i'D at right angles to meet KO at 0. 
O IS the centre of the circle required 

If a circle whose centre is A and radius = 72 
touches anothei ciicle whose centre is a and 
radius = r, the point of contact P lies on the 
line Aa or on that line produced, and the 
distance Aa between their centres is equal 
to R-^ r or R~r. 

To draw a circle of given radius to touch two given circles. 
A and B are the centres of the given circles. Make CD and FE 
each equal to the given radius. With centre A and radius AD 

EG, cutting the former arc at 0. Join 0 with A and B, and 
produce these lines if necessary. 0 is the centre of the required 
circle, and //and K are the points of contact. 

To draw a circle to touch a circle ABC and a straight line 
DE at the point />. Through F, the centre 
of the circle ABC, draw FE perpendicular to 
DE, and produce it to meet the circle at <7. 
Draw DO perpendicular to DE. Join CD, 
cutting the circle at B. Join FB, and pro- 
duce it to meet DO at 0. 0 is the centre of 
the circle required. 
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To draw a circle to pass through the points A and B, and 
touch the circle OBB. Draw a circle CABE 
through A and B, cutting the circle VDE at 
6^ and E. Join CE, and produce it to meet 
A B produced at F. Draw FI>, touching the 
given circle at 1). Join 7/, the centre of the 
circle CDE, with D, and produce it to meet 
the line bisecting AB Sit right angles at (). 
0 is the centre of the circle required. 

To draw the hicus of the centre of a circle which touches two 
given ciicles. Ji and B are the centres of 
tiie given circles. Draw AB, cutting the 
circles at C and IJ. Bisect VT) at E. 
Mark off from E^ above and below it, on 
47? a number of equal divisions. With 
centres A and B describe arcs through 
these divisions, as shown. A fair curve 
through the intersections of the arcs i^ 
the locus required. The curve is an 
hyperbola. 

To draw the locus of the centre of a circle which touches a 
line AB and a circle ODE. Through 0, the centre of the circle, 
draw on perpendicular to AB. Bisect 
DII at F. Mark off from F, above and 
below it, on OH a number of equal divi¬ 
sions. With centre 0 draw arcs through 
the divisions above F to meet parallels to 
AB through the divisions below F, as 
shown. A fair curve through the inter¬ 
sections of the arcs and parallels is the 
locus required. The curve is a parabola. 

To draw a triangle equiangular to a 
given triangle, and circumscribing a given 
circle. From 0, the centre of the circle, 
draw the radii OA, OB, and 00 at right 
angles to the sides a, h, and c of the given 
triangle respectively. The sides of the 
required triangle will be tangents to the 
circle bX A, B, and 0. 

The nine points circle. ABO is a triangle. D, E, and i^^are 
the feet of the perpendiculars on the sides from the opposite 
angles. 0 is the point of intersection of these perpendiculars. 
The circle through D, and F also passes through the middle 
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points of the sides and through the 
middle points of OA^ OB, and 00, 
This circle is known as the nine points 
circle. If M is the centie of the cir¬ 
cumscribing circle of the triangle, and 
N is the centre of the nine points circle, 
N is the middle point of OM. The radius 
of the nine points circle is equal half 
the radius of the circumscribing circle 

A BCD is a square. 
If Aa—Bh = Cc = Dd, then abed is a square. 
Lines EF and HK, which are perpen¬ 

dicular to one another and are terminated 
by the sides of the square, are equal to one 
another. 

To draw a square to pass through four 
given points, A, B, C, and 1) Join AC, 
Draw BE at right angles to A C, and equal 
to it. Join BE, and produce it both ways. 
Lines through A and C perpendicular to 
BE, and a line through B parallel to BE, 
will complete the square required. 

In any triangle, ABC the three angles are together equal to 
two right angles, i.e. A 4 B-h 0=180", 

In any polygon, A BCD ... the sum of 
the interior angles together with four 
right angles is equal to twice as many 
right angles as the figure has sides, i.e, 

A+B-{^ (74-1)4-.... +3r>0" = nxl80", 
where n denotes the number of sides 

A BO is a triangle. A Bis perpendicular to BC or BC produced. 

.A /A .A {a) Al^=J(f + W‘+2SCxCD. 
W/i\ (6) Angle <7=90°. 

I \ A£*=AC“ + SC'“. 
IT t {e)AB^=A(f + Bd‘-2£CxCD. 

ABC is a triangle. AB bisects the 
an^e BAC, _ _ 

ABxAC=BD>iDd+Al/. 
BE=EC. 
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ABC is a triangle. A D bisects the angle BAC. 
AE bisects the angle CAP between CA 

and BA produced. 
AB\AC-Bl):CD,^n(iAB’,ACv.BE:CE, 
Angle ])AE—\H.T. If B and G are fixed 

points, and the ratio of AB to AC is 
constant, the locus of .4 is a circle de¬ 
scribed on DE as diameter. 

To draw a regular polygon on a given 
line C'5. With centre C and radius 6T> 
describe the semicircle 035, and divide 
it into as many equal parts as there are 
sides in the polygon to be drawn. Join 
C with 2, 3, etc. With centre 2 and radius 
2C draw an arc to cut produced at I). 
With centre D and the same radius 
draw an arc to cut CA produced at 
and so on. 

AB and AC are two lines intersecting at 
A and making any angle wdth one another. 
BE is parallel to BC. 

AB:ACr.Al):AE. 

To find a fourth proportional to three 
lines a, b, and c. Draw' OA and OB, mak¬ 
ing any angle with one another. Make 
OA — a, OB = 6, and OC = c. Draw CD 
parallel to AB. Then a :b::c:OB, 

To find a mean proportional to A B and BC. 
AB and BC are placed in the same straight 
line. On A (7 describe a semicircle. Draw 
BD perpendicular to AC to meet the semi¬ 
circle at B. Then AB .BDiiBD \BC^ or 
BB’^^ABxBC. 

To divide a line AB in medial section. 
Draw AD perpendicular to AB and equal 
to half Join^D. MakeZ>^, and 
^^BE. Then AB : BC: i BC : AC, or 
ir6“=iBxic'. 

CB and FE are parallelograms. Angle A = angle D. 
parallelograms are equal in area if 
ABxAG^DExBF. 

LHK and PMN are triangles. Angle 
iTsaangle M, The triangles are equal in 
am if SlzzMN x MP. 

The 
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Similar figures are those which have their several angles 
equal, each to each, and the sides about the equal angles pro¬ 

portionals. If AD and FL are similar 
figures, then angle A = angle F, angle 

angle //, angle (7= angle K, and so on. 
Also AB:AE-: FH: FM, BC: BA:: IfK.IIF, 
CD: CB: :KL: KH, and so on. 

The areas of similar figures are to one 
another as the squares on their homologous or corresponding 
sides; thus, area of figure area of figure/X; :AB^:FlP. 

If similar figures be described with 
corresponding sides on the three sides 
of a right-angled triangle ABC^ then 
figure on hypotenuse AB = figure on 
BC -f figure on AC The above is true 
also for circles with the sides of the 
triangle as diameters, also for similar 
segments of circles. 

To divide a triangle ABC mto a given number of equal parts 
by lines parallel to one side, BC. On AB 
describe a semicircle. Divide AB into 
the given number of equal parts. Let B 
be one of the points of division. Dra^ 
Dd' perpendicular to AB to meet the 
semicircle at d'. Make Ad — Ad!. Draw 

^ dm parallel to BC. dm is one of the re¬ 
quired lines of division; the others are 

obtained in a similar manner. 

A and B are given points. DE is a given 
line. (7 is a point on DE. AC+BC is a mini¬ 
mum when angle ACD= angle BCE. 

To find C when AC-\-BC is a minimum. Draw 
AD perpendicular to DE, and produce it. Make 
DF=^DA. Join BF. C is where BF cuts DE. 

A and B are given points. CDE is a given 
circle whose centre is 0. .4(7-1-5(7 is a mini¬ 
mum when angle .4 (70=angle BCO. ADa-BD 
is a maximum when angle ADO^ angle EDO. 

A(f + M^ is a minimum, and AD^A’BD'^ is a 
maximum when i>, 0, and C are in a straight 
line bisecting A B, 
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A and B are given points. DB is a given line. 
{7 is a point on DE. The angle ACB is a maxi¬ 
mum when the circle through Ay By and C 
touches the line J)E. 

A and B are given points. CDE is a given 
circle. The angle ACB is a maximum when the 
circle through A, B, and 0 touches the circle 
CBE externally. The angle A 7>B is a minimum 
when the circle through Ay By and I) is touched 
internally by the circle CDE, 

A and B are points on the chord DE. C is a 
point on the arc DCE of a circle. The angle 
ACB is a maximum when the circle through Ay 
B, and C touches the arc DCE. 

d iRC? is a triangle. To find a point 0 such 
that J 0 + BO + CO shall be a maximum. On 
AB and BC describe segments of circles con¬ 
taining angles of 120“. The point 0 required 
is at the intersection of the arcs of these 
segments. 

The area of the rectangle DEFll inscribed 
in the triangle ABC is a maximum when DE 
bisects the sides AB and AC. The maximum 
area of the rectangle is half the area of the 
triangle in which it is inscribed. 

To inscribe in a segment AFCB of a 
circle a rectangle CDEF of maximum 

si -}- a*' - 3a 
4' 

area. Make A=- 

The construction may be verified by fe- 
drawing the tangent HCK to meet AB 
nrodllAAd nf nff fho rtfirnATi. ® produced at JST, and OH the perpen¬ 
dicular from the centre 0 to AB 9A, H^ 
to OK. 

HO should be equid 
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In a circle to inscribe a rectangle such that hd'^ shall be a 0 maximum. Draw a diameter-4Z?. MakeJBi> = 
^ A B. Draw J)C perpendicular to to meet 

I the circle at C. ACBE is the rectangle re- 
^ quired. 

I Of all the rectangular beams which can be 
cut out of a cylinder of diameter AB^ the one 

^ having the section ACBE has the greatest 
resistance to bending. 

To inscribe a square in a given triangle 
ABC Draw Al) perpendicular to BC\ and 
AE parallel to BC. Make AE~A D, Join CE^ 
meeting at F. Draw FH parallel to BC, 
and HK and FL perpendicular to BC, FUEL 
is the square required. 

To reduce any plane rectilineal figure ABCDEF io one having 
the same area but fewei sides Join A E Draw Fll parallel to 

AE, meeting AB or AB produced at //. Join 
HE, The figure BCVEH has the same area as 
the original figure. Repeating the above con¬ 
struction the figure KDEll is obtained, which 
has the same area as the original figure. By 
the continued application of the above con¬ 
struction any plane rectilineal figure may be 
reduced to a triangle having the same area. 

The Conic Sections.~A"X is a fixed line, and Fis a fixed point. 
P is a point which moves in the plane containing F and KX in 
such a manner that its distance from F bears a constant ratio to 
its perpendicular distance PK from KX, The curve traced out 

by P is either an ellipse, an hyperbola, or a para~ 
bola, according as FP is less than, greater than, or 
equal to PK, These curves are called conic sections 
or conics, because they may be obtained by taking 
plane sections of a cone. KX is called the diree* 
trix, F the focus, and the line XFN &t right angles 
to KX the axis of the conic. The ellipse and 
hyperbola have two directrices and two foci 
The parabola has one directrix and one foous. 

The constant ratio of FP to FK is called the eceentticUif erf 
the conic. 
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The figures below show how the ellipse, hyperbola, and para¬ 
bola are obtained by taking sections of the cone. F, Fi are the 
foci, and KX^ F\X\ are the directrices. The foci are the points 
where spheres inscribed in the cone touch the plane of section. 
Any point P on the curve is obtained by making NP equal to np. 

For the ellipse, the plane of section xxi cuts vt and vu below 
the vertex v. For the hyperbola, cuts vu below, and vt above 
the vertex v. For the parabola, xxi is parallel to vL 

The ElUpee.—in the ellipse the curve outs the axis at two 
poihts, A apd Ax. The line AAi is called the major A line 
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BBi bisecting AAi at right angles 
and terminated by the curve is called 
the minor axis. P is any point on 
the curve, PN is perpendicular to 
AA^, nndPM is per})endicular to 
PF+PFi=AA,. nF^BF,=^A 0. 

PN' : AN X :; B(r : A (f. 
PAN: BAi X J/ : A if: Bif. 

The tangent at P is equally inclined 
to the focal dibtances PF, PF^, so also 
is the noimal. 

Ellipses which have the same foci are said to be confocal. 
Tangents PR and PRi to an ellipse 
from aiiy point P are equally inclined 
to PF and PFi respectively If P is 
on a confocal ellipse, PR and PRi are 
also equally inclined to the normal 
at P. If angle RPRi - 90'", the locut 
of P is a circle with centre (). 

A diameter of an ellipse is a line passing tbiough the centre 
and terminated by the curve. Tangents at the extremities of a 

diameter are parallel. A diameter 
bisects all chords parallel to the tan¬ 
gents at its extremities. A diameter 
QQj parallel to the tangents at P and 
P\ is said to be conjugate to the dia- 
meter PP,. 0P'^ + &Q^=(JA^+0:^. 
The parallelogram formed by the 
tangents at the extremities of con¬ 

jugate diameters is equal in area to the rectangle contained by 
the major and minor axes. 

Given, conjugate diameters PPi and QQi, to find the axes. 
Draw PJD perpendicular to OQ. 
Make PJff=^ PIIi = OQ. Major 
axis AOAi bisects angle HiOff, 
Join P to middle point of OH^ 
to cut major axis at a and minor 
axis at h. length of semi* 
major axis. Pa =: length of semi- 
minor axis. 
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The circle described on the major axis as diameter is called 
the auxiliary circle. The feet of the perpendiculars from the foci 
on any tangent to the ellipse 
lie on the auxiliary circle. 
Bir-FYxFiVj li' QPN is 
perj)endicular to the major axis, 
then PN :QN:: BO: A (). The 
tangent to the ellipse at /\ and 
the tangent to the auxiliary 
circle at Q, meet at a point T 
on the major axis produced. 

To draw tangents to the 
ellipse from the point On 
SF or SFi as diameter describe 
a circle to cut the auxiliary circle at and A"]. SX and BXj are 
the directions of the tangents required. 

The axes of an ellipse being given, the best practical method 
of drawing the curve is that involving the application of the 
trammel. On the straight edge 
of a strip of paper mark off Pb 
equal to the semi-major axis, 
and Pa equal to the semi-minor 
axis. Place the strip so that a 
is on the major and b on the 
minor axis. Mark tlic point P 
on the draw'ing paper. P is a 
point on the curve. By moving 
the strip round, any number of 
points may be determined, a and b may be on the same or on 
opposite sides of P. If the axes are nearly equal, it is better to 
place P between a and b. 

Another method of drawing the 
curve, the axes being given. Draw 
circles with centre 0 and radii OA 
and OB. Draw the radial line ORO- 
Draw QJP parallel to OB and RP 
parallel io OA. P is a point on the 
curve. In like manner any number 
of points may be determined. 

Given the conjugate diameters PPj, QQj, to draw the ellipse. 
At P and Pi draw parallels to QQi. At Q and Qi draw parallels 
to PPi. Divide OP into any number of equal parts. Divide PJO 
into the same number of equal parts. Draw lines from Q to the 
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points of division on PI), and lines 
from Qi to the points of division 
on OP. The intersections of the 
former and latter lines, taken as 
shown, are points on the portion 
PQ of the curve. Points on the 
other portions of the curve aie 
determined in a similar manner. 

Another method of drawing the ellipse from conjugate dia¬ 
meters is that due to Professor 
Minchin, and is similar to the 
trammel method. Draw Oq per¬ 
pendicular to OP. Draw Qa paral¬ 
lel to OP. Make Oq — OQ, an d Op = 
OP. Draw ah parallel to qp. 
Draw the triangle abO on a strip 
of paper, as shown at a^hiOy. If 
rti is placed on the diameter PPi, 
and hi on the diameter QQj, then 
0i will be a point on the curve. 

Centre of curvature. P is any point on the ellipse. Draw PC 
bisecting the angle FPFi. Draw UK perpendicular to PC. Draw 
KO perpendicular to PK. The point C is the centre of curva¬ 

ture at the point P, i.e. it is the 
centre of the circle which most 
nearly coincides with the ellipse 
at P. Draw BD parallel to OA 
and AD parallel to OB. Draw 
DC^Ci perpendicular to AB. C\ is 
the centre of curvature at B, and 
62 is the centre of curvature at 
A. Mn ke BE a mean proportional 
to AO and BO. Make AL^BE. 
Draw the arc AO-, with centre Oj 

and the arc LC-a with centre O2. Arcs of circles AR, RQ, and QB, 
with centres 62, 63, and Ci respectively, will give a very close 
approximation to the quadrant A ^ of the true ellipse. 

The Hyperbola.—The hyperbola con¬ 
sists of two similar branches, which cut 
the axis at A and A1. F and Fi are the 
foci. If any point P be taken on the 
curve, then the difference between the 
focal distances Pi^and PPi is equal to 
AAi, To construct the curve. Draw 
any line aj33. Make ao,i-AAi. Take 
any number of points pi, »a, on aip^ 
With centres P and Pi aescribe arcs 
with radii =: api, and with centres Pi and 
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/'and radiiriaijpi describe arcs to cut the former at PiPiPiPi^ 
these are points on the hyperbola. In like manner any number 
of points may be determined. 

The tanp:ent at P is equally inclined to the focal distances 
FP and FiP. 

The construction for the centre of curvature is the same as 
that for the ellipse. 

0, the middle point of AAiy is the centre of the hyperbola, 
I’lie circle described on AAi as dia¬ 
meter is the auxiliary circle. Let the 
circle with centre 0 aiid radius OF 
meet the tangent at A at L and L\. 
Draw LB and L^Bi parallel to AAi to 
meet a line through 0 at right angles 
to AAi at .Sand Bi. AAi is the trans¬ 
verse axis, and BB^ is the conjugate 
axis. Let the circle through F cut 
BBi produced at / and /i. An hyper¬ 
bola with foci / and / and BBi as axis 
is conjugate to the hyperbola with Fand Fi as foci and AAi as 
axis. Lines OL and OLi produced both ways are the asymptotes 
of the hypeibola. 

When the transverse and conjugate axes are equal, the asymp¬ 
totes are at right angles to one another, and the hyperbola is 
said to be rectangular or equilateral. 
Given the asymptotes OL and OLi of 
a rectangular hyperbola and a point P 
on the curve : to draw the curve. 
Draw any line MR parallel to OLi and 
PN parallel to OLi. Through P draw 
TPR parallel to OL. Join OR, meeting 
PN or PN produced at S. Draw SO 
parallel to OL, meeting MR at Q. Q is 
another point on the curve. Or thus: 
through P draw PQ parallel to TM to 
meet MR at Q. These constructions depend on the property of 
the rectangular hyperbola, viz., PN x ON —QMx OM. 

FF is a tangent atP. The angle angle 0P7’=angleP0iV'. 

The Parabola—F is the focus, and KX 
the directrix. P is any point on the 
curve. PP~PK. The tangent at P is 
equally inclined to FP and the axis TO. 

NOt the subnormal, is constant, and 
equal to PX. The foot of the perpen¬ 
dicular from Fon any tangent lies on the 
tangent at-4. AT=^AN 
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PN" ~ iAF• AN. Tangents at the ends of a focal chord 
intersect at right angles on the directrix. 

A diameter of a parabola is a line parallel to the axis. /S', the 
point of intersection of two tangents, is 
equidistant from the diameters through the 
points of contact. A diameter bisects all 
chords parallel to the tangent at the point 
where the diameter cuts the curve. 

The angles subtended at the focus F by 
tangents SP and SPi are equal to one 
another and to the angle LSP. The dia¬ 
meter SVU through the point of inter¬ 
section of the tangents SP and SPi bisects 
the chord of contact PPi. Also VU. 

To draw tangents from a point S. Join 
S to the focus F. On SF as diameter 
describe a circle to cut the tangent at 
the vertex in Y and F]. SY and SYi 
are the tangents required. 

Given the vertex A, 

M 3 2 I P 

the axis AN, and an ordinate PN to draw 
the curve. Complete the rectangle MN. 
Divide PJ/and AM into any, the same, 
number of equal parts. Join the points 
of division on PM with A. Lines 
through the points of division on MA 
parallel to AN to meet the former 
lines as shown determine points on 
the curve. 

Centre of curvature.—Join PPand pro¬ 
duce it, making FU = FP. Draw HS 
perpendicular to PH to meet the normal 
PG at S. S is the centre, and SP the 
radius of curvature of the parabola at P. 

Cycloidal Curves.—If a circle be made to roll along a line and 
remain in the same plane, a point on the circumference of the 
rolling circle will describe a cydoidal curve. The line along 
which the circle rolls is called a directing line or director. If thO 
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director is a straight line, the curve is called a cycloid. If the 
director is a circle, the curve described is called an epicycloid 
or a hypocycloid, according as the generating circle rolls on the 
outside or inside of the directing circle. 

The constructions for drawing the cycloid, epicycloid, and 
hypocycloid are shown below. 

Make the straight line or arc oV equal to half the circum¬ 
ference of the rolling circle. Divide o'e' into any number of 
equal parts, and divide the semicircle Pcd into the same number 
of equal parts. Draw the normals a'A, h'B, etc., to meet a line 
or arc OE parallel to or concentric with dc' at the points A, etc. 
With centres A^ B, etc., describe arcs of circles to touch oV. 
Draw through the points a, 6, c, etc., lines parallel to o'c', or 
arcs concentric with o'e' to meet the arcs whose centres are at 
At Bt Ct etc. 
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The intersections of these determine points on the curve 
required. 

The hypocycloid becomes a straight line when the diameter 
of the rolling circle is equal to the radius of the directing circle. 

The normal at any point Q of the curve passes through the 
point of contact of the rolling circle, and the directing line, 
when the former passes through Q. 

Referiing to the cycloid; if Qq be drawn parallel to the 
directing line, then the normal QR at Q will be parallel to the 
chord qo\ and the tangent QT will be parallel to qP. Again, if 
PT be drawn parallel to the directing line to meet the tangent 
Q7' at T, then the length of the arc PQ of the cycloid will be 
equal to twice the length of QT, or twice the length of the 
chord Pq Hence the total length of the cycloid is equal to 
four times the diameter of the rolling circle. 

The centre of curvature S of the curve at Q is in the normal 
QR produced. In the cycloid RS — QR. For the epicycloid the 
construction for finding S is as follows .—Draw the diameter 
QNU of the rolling circle. Join U with the centre of the 
directing circle, cutting QR produced at S. 

Involute of a Circle.—If a flexible line be wound round a 
circle, and the part which is off the circle be kept straight, any 
point in it will describe a curve called the involute of the circle. 
The involute of a circle is what an epicycloid becomes when the 
generating circle is of infinite diameter, i.e, when the generating 
circle becomes a straight line. 

To draw the involute to a given circle 0(7P, draw the tangent 
Om, and make Oni equal to half the circumference of the circle. 

Divide the semicircle OOP into 
any number of equal parts at 
the points B, C, etc., and 
divide Om into the same num¬ 
ber of equal parts at the points 
a\ h\ c', etc. At the points A, 
B, (7, etc., draw tangents to the 
circle, and make A a, Bh^ Gc^ 
etc,, equal to 0a\ 0h\ Oc', etc., 
respectively. Pahe .... m is 
a portion of the involute which 
may be extended to any length. 

The normal to the involute at any point is the tangent to the 
circle from that point, and the centre of curvature at any point 
is the point of contact of the tangent from that point to the 
circle. 

The Catenary.—The catenary is the curve in which a perfectly 
flexible and uniform cord hangs when suspended from two 
points. 
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A is the lowest point 
of the curve. 

The curve is symmetri¬ 
cal about a vertical axis 
OA Y. OX is a horizontal 
axis. 

OA-c, P is any point 
on the curve, and its co¬ 
ordinates are a? and ?/. 

The equation to the 
c 

curve IS, y— 

where e is the base of 
the Naperian s}stein of 
log^arithms. 

The table below will 
facilitate the construc¬ 
tion of the curve. 

2'hc tangent and normal at P.—PM is paiallel to OX. MQ is a 
tangent to the circle whose centre is 0 and radius OA. PT^ 
the tangent to the curve at P, is parallel to ^PG, the 
normal at P, is perpendicular to PT. 

If SP—PG., then -S' is the centre of curvature of the curve at P. 
The following are geometrical pioperties of the curve. If NT 

is perpendicular to Pl\ then NT— OA, and the length length 
of the arc AP. Length of arc AP= - c\ Aioa of the figure 
OAPiVrrtwice the area of the triangle OJ x length of 
arc AP. If ARK is parallel to OX, then RT=RK. 

If a = length of arc AP, then and x — c hyp. 

log. 

X 
1 X y X V X y 

c c c c € c c c 

0-0 1*000 1*0 1 548 2*0 3*762 3*0 10*07 
0-1 1*005 1*1 1*669 2*1 4*144 3*2 12*29 
0-2 1*020 1*2 1*811 2*2 4*568 3*4 15*00 
0-3 1045 1*3 1*971 2*3 5*037 3*6 18*31 
0*4 1*081 1*4 2*151 2*4 ! 5-557 3*8 22*36 
0*6 1*128 1*5 2*352 2*5 6*132 4*0 27-31 
0-6 1*185 1*6 2*677 2*6 6-769 4*5 46*01 
0*7 1*265 1*7 2*828 2*7 7*473 6-0 74*21 
0-8 1*337 1*8 3*108 2*8 8*253 6*6 122*36 
0-9 1*433 1*9 3*418 2*9 9*116 6*0 201*72 
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Proportions of Regular Polygons. 

Ti = number of sides. 
s = length of each side. 
72 = radius of circurasciibing circle. 
r = radius o1 inscribed circle. 
A —area of polygon 

A n H60 
755 = 0 

4 180 
: tan 

2 ;ic() 
= - cosec. 

, ----'I 
—S- 

“ 1 180 
, = ~ cot, - - • 

Angle subtended at centre b} one side in degrees = 

Angle between adjacent sides, in degrees = 180 - - 

3, •.':;77Hr)'l’732()5| 
4 1 *7071111*41421 j 
5 *8506511*17557' 
6 1*(K)000 1*00000 
7 11*152.88 *86777 

8 11*306.56 *76.537 
9 1*46190 *684041 

10 1*61803 *618031 
11 1*77473 *563471 
12 1*93185 *51764 

28868 3*16410 
•50000 2 0(X)00 
68819 1*45308 
•86603 1 1,5470 

1*03826 *96315 

1*20711' *82843 
11*37374' 72794 
j 1*53884 *64984 | 
i 1*70284 I *58725 
1*86603' *53,590 

*43301 1*29904 519615 
1*000(X) 2*00000 4*00000 
1*72048 2*37764 3*63271 
2*59808 2*59808 3*46410 
3*63391 2 73641 3*37102 

4*82843 2 82843 3 31371 
6*18182 2*89254 3*27573 

I 7*69421 2*93893 3*24920 
9*36564 2*97352 3*22989 

11*19615 3*00000 3*23539 

Rectangular Co-ordinates of a Point—The axes OX and OY 
are at right angles to one another. The 

^ |P position of a point P in the plane of the 
, axes is fixed by its distances x and p from 

the axes, x is called the ahscismy and y the 
I ordinate of the point P. Together, x and y 

75 y-5r called the co-ordinates of P. Distances 
sc-.91 right of or are positive { + ), and 

those to the left are negative (-). Dis¬ 
tances above OX are positive, and those below are negative. 
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Oblique Co-ordinates of a Point,—The 
axes OX and OY make any an^^le a with 
one another. The co-ordinates x and y are 
measured parallel to OX and OY respec¬ 
tively. 

Polar Co-ordinates of a Point.—OX is a fixed line called the 
initial line. 0 is a fixed point called the jiole. OP = r is the 
radius vector of the point P. Angle POX~0 
is the vectorial angle, r and d are the polar 
CO ordinates of the point P. r is always 
positive. 0 is positive when measured 
from OX in the direction of the arrow, 
and negative when measured from OX in 
the opposite direction. 

In what follows the co-ordinates are rectangular. 

Distance between two Points P and Q.- Co-ordinates of P=:xi 
and yi. 

Co-ordinates of Q — and 2/2* 

PO^ - (.i7j - -( (yi - yj\ 

Co-ordinates of a Point P dividing a Straight Line PQ in the 
ratio of wi to nj.—Co-ordinates of P=xi and //j. 

Co-ordinates of and ?/.j. 
Co-ordinates of P = x and y. 

^ ^ _ nj yo f n2yi^ 
ni -h a*2 Tlj i 71*2 

If R is the middle point of PQy then nj — n^ and 

O’! -f X2 ?/i + y‘2 

y=~2 • 

Area of a Triangle.—Co-ordinates of angular points, xiyi, 

and x^y^. Area of triangle = ^{yi{x.^ - x^) -f y^i'x^ - ) -f 7jz{xi - 0:2)}. 

Equations to Lines, Straight or Curved.—An equation which 
expresses the relation between the co-ordinates of any point on 
a line is called the equation to that line. 

Equation to a Straight Line.—r and y 
are the co-ordinates of any point P in the 
straight line AB. 

y=mx -f 6. Where w=tan. 6, 

Another form of the equation is, 

F 
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Equation to a Straight Line passing through two given Points 
P and —Co-ordinates of P—xi and yi. 

Co-ordinates of Q,=x^i and 
X and y denote the co-ordinates of any point in the line 

passing through P and Q 

Equation to line is, y - 3^1 “ ^i)- 

Given the Equations to two Straight Lines to find the Co¬ 
ordinates of their Point of Intersection.—Given equations, 
y=mix + hi and y — m^^ + hi. Treating these as simultaneous 
equations, and solving for x and y. 

bj-h 

- 7rii 
and y = 

him^ - 
m2 - m\ 

These are the co-ordinates requiied. 

Equation to a Straight Line passing through a given Point 
xi2/i, and perpendicular to a given Line y = mx + b. 

Equation required is, y~yi= - ^{x ~ a*i). 

The Perpendicular Distance of a given Point oi^iyi from a 
given Line y=^mx-] b. 

Distance = 
V(i + 

Equation to a Circle.—a and b are the co-ordinates of the 
centre of the circle, x and y are the co-ordinates of any point 

P on the circumference. r = radius of circle. 
The equation to the circle is 

{x-a)'^-\-{y-'bf=r^. 

If 0 the origin be taken at the centre of 
the circle, then «=0, and 6 = 0, and the 
equation to the circle becomes x'^ + y^=r^. 

The general form of the equation to a 
circle is x^ + y"^ AxBy + C= 0. 

This may be written in the form, 

/ Ay ( By 

which shows that the radius of the circle is - + and 

A B 
that the co-ordinates of the centre are, ~ g ” 2 * 
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Equation to a Parabola.—F is the focus. 
AO=^AF^a, 

- a). 
If the origin 0 is at then y^=^ax. 

Equation to an Ellipse. is a focus, and OK a directrix. 
Major axis = 2a Minor axis = 26. 

OF=p. = eccentricity of curve = e. 

y^+{x-2i)^=e-x^. 

If origin 0 is at .4, then 
y^ = {l-e^){2ax-x^). 

If origin 0 is at (7, then 

y^ = {l~€^) (a2-a:2), or 

Equation to an Hyperbola.is a focus, and OK a directrix. 
Transverse axis, ^j]=2a. 
Conjugate axis, BBi=2b, 

PF 
OF=p. pj^= eccentricity of curve = c 

If origin 0 is at .4, then 
y'^ = {e^-l) {2ax + x^). 

If origin 0 is at O', then 

(c2~l)(a;2- a2), or ^2"^ 62- 

Bankine's Rules for Lengths of 
Circular Arcs.—AB is an arc of a 
circle whose centre is 0. A (7 is a 
tangent to the arc at A, Produce the 
chord BA to E, making 4[.E'=half the 
chord AB, With centre E and radius 
EB describe the arc BC, cutting the 
tangent A <7at O'. AO is approximately 
the length of the arc AB, 

\ 
\ 

/ 
/ 

I 
\ / 

\ 
t 

^0 
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Make JF=]jC. With centre F and 
4 

radius describe the arc CB, cutting the 
arc AB at B. The length of the arc AB 
is approximately the length of AC. 

The errors in the above constructions increase as the angle 
^ Oi? increases. When the angle A OB is 3(f, the straight line 
JC^is shorter than the arc AB by about the length of 
the arc AB. WJien the angle AO/^ is 6(r the straight line AO 
is shorter than the arc AB by about of the length of the 
arc AB. 

The Helix or Screw Curve.—If a point moves on the surface 
of a circular cylinder so that its motion round the axis and its 
motion parallel to the axis are uniform, the path of the point is 
a helix. The pitch of the helix is the distance traversed by the 
point in the direction of the axis while it makes one complete 
revolution round the axis. From the definition of the helix it 
follows that if the point makes, say, l-12th of a revolution it will 
advance along the cylinder a distance equal to l-12th of the 
pitch. Hence the construction for drawing the helix shown 
in Fig. (a). 

Fig. (6) shows the application of the construction of Fig. (a) to 
the drawing of a spiral spring of rectangular section. 

On working drawings screw threads are represented in various 
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conventional ways. Fig (c) shows four different ways of repre¬ 
senting a triangular screw thread on a bolt. 

Development of the Surface of a Cylinder.—If the surface of 
a cylinder, whose ends are at riglit angles to its axis, be laid out 
flat, its shape will be a rectangle whose length is equal to the 
circumference of the cylinder, and whose width is equal to the 
length of the cylinder. The Fig. below shows tw^o cylinders 
intersecting, one being vertical and the other horizontal. 

^ 5 is the development of the surface of the vertical cylinder 
and CD is the development of the surface of the horizontal 
cylinder. The curves ii'Fand GH are the developments of inter 
sections of the horizontal with the vertical cylinder. The curves 
KLM and NOP are the developments of the intersections of the 
vertical with the horizontal cylinder. The distance from, say, 
4 to 5 on AB is equal to the length of the arc 45 on the plan of 
the vertical cylinder. The distance from, say, 4' to 5' on CD is 
equal to the length of the arc 4'5' on the elevation of the hori¬ 
zontal cylinder. 

The upper curve on .4 i? is the development of the end of the 
surface of the vertical cylinder when the latter is bevelled off, as 
shown by the sloping straight line on the elevation. 
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Development of the Surface 
of a Cone.—If the surface of a 
right circular cone be laid out 
flat, a sector of a circle is ob¬ 
tained whose radius is equal to 
the length of the slant side of 
the cone and whose arc has 
a length equal to the circum¬ 
ference of the base of the cone. 
The annexed Fig. shows a right 
cone, with its axis vertical, 
intersected by a horizontal 
cylinder. The sector OFO is 
the development of the surface 
of the cone. The curves EF 
and Oil are the developments 
of the intersections of the 
cylinder with the cone. The 
length of, say, the arc 34 on the 
development is equal to the 
length of the arc 34 on the 
plan. The curve ABC is the 
development of the upper end 
of a frustum of the cone. 

GRAPHIC ARITHMETIC. 

Representation of Numbers by Lines (Fig. 1).—If the line AB 
be taken to represent the number o«c, then a line CD three times 
the length of AB will represent the number three. Again, if AB 
represents the number one, the number represented by the line 
^.Pwill be the number of times that A’/" contains AB. In the 
above examples AB h called the unit. 

Ordinary drawing scales may be used in marking off lengths 
for numbers. For example, if the unit is a length equal to | 
inch, a scale of f inch to a foot would be suitable for measuring 
off lengths to represent the numbers. 

Addition (Fig. 2).—To add a series of numbers together. Take 
a line OX of indefinite length. Fix upon the unit, that is, decide 
what length shall represent the number one. Make OA = the 
first number, AB=^ the second number, .S6'=the third number, 
and so on. From 0 to the last letter will be the answer. 

Subtraction (Fig. 3).—From one number to subtract another. 
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OA (measured to the right of 0) = first number, AB (measured 
to the left of ^) = second number. answer. If OB is to 
the right of 0 the answer is positive ( f ), but if OB is to the left 
of 0 tlie answer is negatue ( - ). 

Addition and Subtraction Combined (Fie:. 4)—To find the 
result oia-\h~c\d-e. Make OA~a, AB~b, BC—c, CI) = d, 
and I)E-e, then OE=a-\ h~c \ d ~e. Note that in adding the 
lengths are measured to the right, and in subtracting they are 
measured to the left. 

In Figs. (5) and (6) the angle AOB may have any magnitude, 
but for convenience it should not be less than 30“ or more than 
90°. The lines AB and Cl) are parallel. 

Proportion (Figs. 5 and G).—OA : OB : : OC \ OT), 
To fnd a fourth proportional to three given numbers. Make OA 

-first number, Oi? = second number, and OC'=third number. 
Join A B, and draw CD parallel to A B. 0/>= fourth proportional 
to the given numbers. 

To find a mean proportional to two given numbers (Fig. 7). Make 
OA = one number and 0(7= the other number. On AC de¬ 
scribe a semicircle and draw OB at right angles to A (7, then 
OA : OB '.'.OB'. OC, or 0B^=0A x 0(7. 

Multiplication (Figs. 6 and G).—0/1 : OB : : OC • 0/>, therefore 
OA X 0l) = 0Bx OC. Make Oi?=the unit, then, 
0^ x0Z> = lx00=:0(7. 

To multiply one nnml>cr by another. Make 0A=one number, 
ODrrthe other number, and 0-6=the unit. Join AB, and draw 
DC parallel to BA. Answer = 0(7. 

Diyision (Figs. 5 and G).—OA : OB : : OC: OD^ therefore, 
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To divide one number by another. Make OC— the dividend, 
OD — the divisor, and Oli — the unit. Join CD, and draw BA 
parallel to DC Answer=:t>J 

Square Root 7)—To find the square loot of a number. 
Make OA =the niirnbei and 0(1'= the unit. On AC dc'^crihe a 

semicircle, and draw OB at rifjht anales to AC, then OB— OA. 
TojlndJ{a?- Jr) (Fie: Drawa rie:ht-angled triane:le, liaving 

the hypotenuse = a, and perpendicnlai = b, tlien the base = 

s!{(C~ Jfo 

Areas of Plane Figures. 

^_ 
A —area of figure. 

_ 

1 

X 

1 
t 

«-L- 1 — L — 

Square. Rectangle Parallelogram. 
A^LxL~L\ A^LxII. A^Ly^lL 

n -t 
1 

X 

1 1 ^ 

H-L-^ i ~ L - ^ K-L-:>i 
Triangle. 

A=\ivli 

Triangle. 

^ - 2^ X //. 

Quadrilateral. 

j^H I 
K--X 

Trapezoid. 
Any Rectilineal 

Figure. 

Any Rectilineal 
Figure Circumscrib¬ 

ing a Circle. 

A =® 2("^i F ^2) ^ 
Divide figure into 

triangles. A = sum A = 2 sum of sides x 

of areas of triangles. radius of circle. 
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Areas of Plane Figures (continued). 

Simpson’s Rule. 

To find the area of a jdane figure tJu houjulary line of which is 

curved^ or fiirtly curved. 

Divide the figure into an even number of parallel strips of 
equal width by ordinates 0, 1, 2, 3, etc. 'i'here will be an odd 

number of ordinates. Approximate area of figure is found as 

follows :~Add together the first ordinate (0), the last ordinate 
’ (6), four times the sum of the alternate ordinates 1, 3, etc., 

and twice the sum of the remaining ordinates; multiply the 
result by one-third of the common distance between two 
adjacent ordinates. 

The above rule does not give good results if any con¬ 
siderable part of the curve makes an acute angle with the 
ordinates as at (a). In such a case divide the figure into two 
parts by the ordinate BCy and use ordinates at right angles to 
BC to find area of ABC. 

The rule gives a more exact result the larger the number of 
ordinates. 
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Areas of Circles. 

7) — diameter of circle. A =area of circle. 

A = ^ 1 128:170 JA. 
4 ^/TT 

If the diameter i» in inchtx, the area ih in sqmirc inches. If 
the diameter is in feet, the area is in square feet. 

The use of the tables of areas of circles may be extended by 
applying the following rule :—If the diameter be multiplied or 
divided by any number, the area must be multiplied or divided 
by the square of that number. Thus, Diameter— D. Area = 

Diameter - nD. Area = . 

Diameter = Area = 
n 7r 

Areas of Small Circles. 

(Diameters advancing by 64ths.) 

Diam. Area. Diam. Area. Diam. Area. Diam. Area. 

•00019 if •05542 If •20881 u •46039 
•00077 A •06213 if ■22166 n •47937 
•00173 1 0 Hi ■06922 .t 5 

FT •2;i489 li 1 
FT •49874 

tV •00::107 A •07670 0 
IF •24850 11 •51849 

FT •00479 FT •08456 a y 
Ff •26250 ii •53862 

•(X)690 ii •09281 n •27688 U •55914 
-if •00940 •10143 U •29165 U •58004 

\ •01227 •11045 1 •30680 7 
F •60132 

A •01553 2 r, 
FT •11984 n •;12233 If •62299 

fV •01917 •12962 u •33824 u *64504 
H •02320 n •13978 n •35454 fi 9 

FT •66747 
A •02761 TF 1 -15033 a 1 *37122 TF •69029 

•03241 Hi •16126 n I -38829 u 71349 
A" •03758 •17257 •40574 li •73708 

•04314 a •18427 a •42357 u •76105 
•04909 •19635 a 

'4 •44179 1 _ _ *78540 
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Areas of Circles. 
(Diameters advancing by 32nds.) 

Diam 0 1 2 3 1 5 Diam. 

•78540 31416 7'(X>86 12-566 19-635 
irV •00077 •83525 3-2405 7-2n;6 12-763 19-881 aV 

iV •(X)307 •88664 3-3410 7-3662 12-962 20-129 
a 

n 5 •(X)G0() •93956 3-4430 7-5173 13-162 20-378 8^ 

i 01227 •99402 3-546(; 7 6699 13 364 20-629 i 
•01917 l-(\500 3-(;516 7-8241 13-567 20-881 /tt 
•027G1 1-1075 3-7583 7-9798 13-772 21-135 •Ar 
•03758 1-1666 3-86()4 8-1370 13-978 21-391 

1 •04iK)9 1-2272 3-9761 8-2958 14-186 21-648 i ft 
Tra 0G213 1-2893 4-0873 8-4561 14-39(5 21-906 THT 5 

ITT •07670 1-3530 4-20(K) 8-6179 11-607 22-166 IF 
u •09281 1-4182 4-3143 8-7813 11-819 22-428 

•11045 1-4849 4-4301 8-9462 15-033 22-691 1 
n •12962 1-5532 4-5475 9-1126 15-249 22-955 

tV •15033 1-6230 4-6664 9-2806 15-466 23-221 A 
•17257 1-6943 4-78()8 9-4501 15-684 23-489 

•19635 1-7671 4-9087 9-6211 15-904 23-758 4 
a •22166 1-8415 5-0322 9-7937 16-126 24-029 ii 9 

TU •24850 1-9175 5-1572 9-9678 16-349 24-301 A 
•27688 1-9949 5-2838 10-143 16-574 24-575 

R •30680 2-0739 5-4119 10 321 16 800 24-850 5 s 
u •33824 2-1545 5-5415 10-499 17-028 25-127 91 

H •37122 ! 2-2365 5 6727 10-680 17-257 25-406 ii 
It •40574 1 2-3201 5-8053 10-861 17 488 25-686 U 

1 •44179 2-4053 5-939(> 11-045 17-721 25-967 3 
T 

If •47937 2-4920 6-0753 11-230 17-954 26-250 
If •51849 2-5802 6-2126 11-416 18-190 26-535 

li •55914 2 6699 6-3514 11-604 18-427 26-821 n 

i •60132 2-7612 6-4918 11-793 18-665 27-109 i 
H •64504 2-8540 6-6337 11-984 18-906 27-398 

« •69029 2-9483 6-7771 12-177 19-147 27-688 n 
n •73708 30442 6-9221 12-371 19-390 27-981 14 

Diam. 0 1 2 3 4 5 Diam. 
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Areas of Circles. 
(Diameters advancing by Eighths.) 

D. •0 i '4 H 1 1/ ^4 i 
0 1 •012H ■0191 •1104 •1963 ' -3068 -4418 -6013 
1 ■7851 i' *991( 1 *2272 1*4841 1-7671 1 2-0739 2*4053 2-7612 
2 3-1416 3*546() 3-9761 1*1301 4-9087 ,5*4119 5 9396 6*4918 
3 7-0686 7*669ii 8*2958 8*9162 9*6211 1 10-321 11*045 11*793 
4 12-566 13-3()4 14-186 , 15-033 15-904 1 16*800 17*721 18-665 
5 19-635 2()'6)29 21*648 22-691 23-758 1 24*850 25-967 27-109 

i) 28*274 29-465 i 30*680 '31-919 33*183 ' 34*472 35-785 37-122 
7 38*485 39*871 1 41-282 42*718 44*179 45-()64 47-173 tH-707 
8 50-265 51*819 53-456 55*088 56-745 j 58-426 60-132 61-862 
9 63*617 65-397 1 67-201 69-029 70*882 72-760 74 662 7()-589 

10 78-540 80-516 82-516 81-541 8(;-590 88-664 90-763 92 886 

11 95-033 97-205 99-402 ' 101*62 103*87 106*14 108-43 110-75 
12 113-10 115*47 1 117*86 120-28 122*72 125*19 127-68 130-19 
13 132-73 135*30 j 137*89 110*50 143*14 145*80 118-49 151-20 
14 153-94 156-70 159*48 1162 30 165*13 167*99 170-87 173*78 
15 176-71 179-67 ! 182*65 ' 185-66 , 188*69 191-75 194-83 197*93 

16 201 -06 204*22 ' 207-39 210*60 213-82 217-08 220-35 223*65 
17 226-98 230-33 233-71 237*10 240*53 243-98 247-45 250*95 
18 254-47 258-02 261-59 , 265-18 1 268*80 272-45 276-12 279*81 
19 283-53 287-27 291*04 294-83 I 298*65 1 302-49 306-35 310-24 
20 314-16 318-10 , 322*06 ^ 326-05 1 330*06 334-10 338-16 342*25 

21 346-36 i 350*50 354*66 358*84 ' 363*05 367-28 371-54 375*83 
22 1 380*13 i 384*46 388-82 ' 393*20 397-61 402-04 ' 4rH)-49 410*97 
23' 415*481 420-00 424*56 ' 429*13 ' 433-74 1 438-36 443-01 447*69 
24 452-39 ! 457*11 ! 461-86 , 466*64 471 '44 476*26 481-11 485*98 
25 490‘87 495*79 500*74 1 505*71 510*71 515*72 520-77 525*84 

26 530*93 536*05 541-19 1 546*35 551*55 556*761 562*00 567*27 
27 572*56 577*87 583*21 588*57 , 593-96 599*37 j 604-81 610*27 
28 615*75 621-26 626*80 632*36 ' 637*94 643*55 ■ 649-18 654*84 
29 660-52 666*23 671*96 677*71 683*49 689*30 695-13 700*98 
30 706*86 712-76 718*69 1 724*64 [ 730-62 736-62 1 742-64 748*69 

31 754*77 760*87 766-99 ^ 773*14 779-31 785*51 791*73 797*98 
32 804*25 810*54 816*86 823*21 829*58 835*97 842-39 848*83 
33 855*30 861-79 868*31 874*85 881*41 888*00 894-62 901*26 
34 907*92 914*61 921*32 928*06 934*82 941*61 1 948*42 956*26 
35 962*11 969*00 975-911 1 982*84 989*80 996*78 , 1003*8 1010*8 

•0 
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Areas of Circles. 

(Diameters advancing by Eighths.) 

D. •0 /8 /h ^4 ^8 H /s 

8f) 1017*9 1025*0 1082*1 1039*2 1040*8 10.5.8 5 1000*7 1008*0 
37 1075*2 1082*5 1089*8 1097*1 1104*5 1111*8 1119*2 1126*7 
38 1184*1 nil 0 1149*1 1156*0 1104*2 1171*7 1179.8 1186*9 
89 1194*0 1202*8 1210*0 1217*7 1225 4 1288 2 1241*0 1248*8 
40 1250*0 1204*5 1272*4 1280*8 1288*2 1290*2 1804*2 1812*2 

11 1820*8 1828*8 1880*4 1844*5 1.8.52*7 1800*8 180)9*0 1377*2 
42 1885 4 1898*7 1402*(» 1410*8 1418*0 1427 0 14.85*1 1443*8 
48 1452*2 1400*7 1 409*1 1477*0 1480 2 1494*7 1508*8 1511*9 
44 1520 5 1529*2 1587*9 1540 0 1,5.55*8 1504*0 1572 8 1581*6 
45 1590*4 1599 3 1008 2 1017*0 1020*0 1034*9 1648*9 1652*9 

4(j 1601*9 1070*9 1680*0 1089*1 1098*2 1707*4 1716*5 1725*7 
47 1734*9 1744*2 1758*5 1762*7 1772*1 1781*4 1790*8 1800*1 
48 1809*6 1819*0 1828*5 1837*9 1847*6 1857*0 1806 5 1876*1 
49 1885*7 1895*4 1905*0 ] 914-7 1924*4 19.81*2 1943*9 19.53*7 
50 1963 5 1978*3 1983*2 1993*1 2(H)3*0 2012*9 2022*8 2032*8 

51 2042*8 2052*8 2002*9 2073*0 2083*1 2098*2 2103*8 2113*5 
52 2123*7 2183*9 2144*2 2154*5 2104*8 2175*1 2185*4 2195*8 
58 22(X)*2 2216*0 2227 0 2237*5 2248 0 2258 5 2269*1 2279*6 
54 2290*2 2300*8 2311*5 2322*1 2332*8 2343*5 2854*8 1 2365*01 
55 2375*8 2386*0 2397*5 2408*3 2419*2 2130*1 2441*1 2452*0 

50 2408*0 2474*0 2485*0 ^ 2496*1 2507*2 2518*3 2529*4 2540*6 
57 2551*8 2503*0 2574*2 2585*4 2590*7 2008*0 2019*4 2680*7 

'58 2642*1 2653*5 2064*9 2070*4 2687*8 2099*3 2710*9 2722*4 
59 2734*0 2745*0 2757*2 2768*8 2780 5 2792*2 2803*9 2816*7 
60 2827*4 2839*2 2851*0 2862*9 2874 8 2886*6 2898*6 1 2910*5 

01 2922*5 2934*5 , 2946*5 2958*5 2970*6 2982*7 2994*8 8006*9 
62 8019*1 3031*3 ' 3043*5 3055*7 ,80(i8-0 3080*3 3092 6 8104*9 
63 3117*2 3129*6 1 3142*0 3154*5 3166*9 3179*4 3191*9 3204*4 
64 3217*0 3229*0 8242*2 3254*8 3267*5 3280*1 3292*8 3805*6 
65 3318*3 3331*1 1 3343*9 3356*7 ,3369*6 3382*4 3396*3 3408*2 

66 3421*2 3434*2 1 3447*2 3460 2 3473*2 3486*3 3499*4 3512*6 
67 3525*7 3538*8, 3662*0 3565*2 3578*5 3591*7 3605*0 3618*3 
68 3631*7 3645*0 3658*4 3671*8 3685*3 3698*7 3712*2 3726*7 
69 3739*3 3752*8 3766*4 3780*0 3793*7 3807*3 3821*0 3834*7 
70 3848*5 3862*2 3876*0 3889*8 3903*6 3917*5 3931*4 3945*3 

*0 i ^ H ; H 
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Areas of Circles. 

(Diameters advancing by Eighths.) 

D. *0 /8 H H 
71 3950-2 3073-1 3987-1 4fX)l-l 4015-2 402i)-2 4043-3 4057-4 
72 4071-5 4085-7 4009-8 4114-0 4128-2 4142-5 4156*8 4171*1 
73 4185-4 41!)!)-7 4214-1 4228-5 4242-9 4257-4 4271-8 4286-3 
74 4300-8 4315-4 4329-9 4341-5 4359-2 4373-8 4388*5 4403-2 
75 4417-0 4432-6 4447-4 4462-2 4477-0 4491-8 4506-7 4521-5 

76 4536-5 4551-4 456()-4 4581-3 4.596*3 4611-4 4626*4 4641-5 
77 4656-6 4671-8 4686-9 4702-1 4717-3 4732-5 4747-8 4763-1 
78 4778-4 4703-7 4809-0 4824 4 4830-8 4855-2 4870-7 4886-2 
70 4901-7 4917-2 4932-7 4948-3 4963-9 4970-5 4995-2 5010-9 
80 5026-5 5042 3 5058-0 5073-8 5080*6 5105-4 5121-2 5137-1 

81 5153-0 5168-9 5181-9 5200-8 5216-8 5232-8 5248-0 5264*9 
82 5281-0 5297-1 5313-3 5329-4 5345-6 5361-8 5.378-1 5394*3 
83 5410-6 5426-0 5143-3 5459-6 5476-0 5192-4 5508-8 5525-3 
84 5541-8 5558-3 5574-8 5591-4 5607-9 5624-5 .5641-2 5657-8 
85 5674-5 5691-2 5707-9 5724-7 5741-5 5758-3 5775-1 5791-9 

86 5808-8 5825-7 5842-6 5859-6 587(!-5 5893-5 5010-6 5927-6 
87 5944-7 5061-8 5978-0 5996-0 6013*2 6030-4 6047-6 6064-9 
88 6082-1 6000-4 6116-7 6134-1 6151-4 6168-8 6186-2 6203-7 
891 6221-1 6238-6 6256-1 6273-7 6291*2 6308-8 6.326-4 6,344-1, 
90 6361-7 6379-4 6397-1 6414-9 6432-6 6450-4 6468-2 6486-01 

91 6503-9 6521-8 6530-7 6557 6 6575*6 6593-5 6611-5 6629-6 
92 6647-6 6665-7 6683-8 6701-9 6720-1 6738-2 6756-4 6774*7 
93 6792-9 6811-2 6820-5 6847-8 6866'1 6884-5 6902-9 6921-3 
94 6939-8 6958-2 6976-7 6995*3 7013-8 7032-4 7051-0 7069-6 
95 7088-2 7106-9 7125-6 7144-3 7163-0 7181-8 7200-6 7219-4 

96 7238-2 7257-1 7276-0 7294-9 7313-8 7332-8 7.351-8 7370*8 
97 7389-8 7408-9 7428-0 7447-1 7466-2 7485-3 7,504-5 7523-7 
98 7543-0 7562-2 7581-5 7600-8 7620-1 7639-5 7658-9 7678*3 
99 7697-7 7717-1 7736-6 7756-1 7775-6 7795-2 7814-8 7834-4 

100 7854-0 7873-6 7893-3 7913-0 7932-7 7952-5 7972-2 7992-0 

101 8011-8 8031-7 8051-6 8071-4 8091-4 8111-3 8131-3 8151-3 
102 8171-3 8191-3 8211-4 8231-5 8251-6 8271-7 8291-9 83121 
103 8332-3 8352-5 8372-8 8393-1 8413-4 8433-7 8454*1 8474-5 
104 8494-9 8515-3 8535-8 8656-2 8576-7 8597-3 8617-8 8638-4 
105 8669-0 8679-6 8700-3 8721-0 8741-7 8762-4 8783-2 8803-9 

D. •0 J^J H H H 
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Area of a Flat Circular Bing.—Area of 
ring=area of larger circle - area of smaller 

circle ~ D\)-A 

■Di-= a/ /),= dI+\a. 

The above formula are true whether tlie 
circles are concentric or not, provided the 
smaller is entirely within the larger. 

Area of a Sector of a Circle.—Area of 
sector = \ length of aic ABC x radius v. 
If n = number of degrees in angle AOC^ 

1 /. 'a o then area of sector = a ttK 

Area of a Segment of a Circle.—Area of 
segment AOT—area of sector AOCB-ox^o. 
of triangle A 00. 

i>=diameter of circle. 
//=height of segment. 
Area of segment = i>'^ x M. 
Values of M corresponding to various 

jj 
values of are given in the table on 

pages 181 to 188. 

If X=length of chord, then 

andi/= 
D- 

2 

Area of the Portion of a Circle between 
two Chords.—Area of figure A jSCi> = area of 
circle - the sum of the areas of the seg¬ 
ments AEB, CFD, 

Figure 
contained by two 

-Arcs of Circles. — 
Area of figure :i= sum 

or difference of areas of the segments AB(7, ADQ. 
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Areas of Segments of a Circle. 
/) = diameter of circle. Height of segment. 

Area of segment = x M. The following table gives values 

of coriesponding to vaiious values of 

D 
M H 

D 
' M 

n 
I) 

M Jf 
D 

M 

•001 •00rK)42 •040 1 -Ol 0.588 •079 •028894 •118 •052090 
•002 •000119 •Oil •010932 •080 •029435 •119 •052737 
•008 •000219 042 •011381 •081 •029979 •120 •053385 
•004 •000887 •043 •011734 •082 •080526 •121 ■054037 
•005 •000471 •014 •012142 •088 •081077 •122 •054690 
•006 •000619 •045 •012555 •084 •031680 •123 •055346 
007 •000779 •046 •012971 085 •032186 •124 •056004 
•008 •000952 •047 •018393 •086 •032746 •125 056664 
•009 •(X)il85 •018 •013818 •087 •033308 •126 057327 
•010 •001829 •049 •014248 •088 •0.13873 •127 057991 
on •001533 •050 •014681 •0S9 •084441 •128 0586.58 
•012 •(X)]746 •051 •015119 •090 •035012 •129 059328 
•013 •0019()9 •052 •015561 091 •035586 •130 •059999 
•014 •002199 •053 •016008 •092 0.36162 •131 060673 
015 •002438 •054 •016458 •093 •036742 132 *061349 1 
•016 •002685 •055 •016912 •094 •0.37324 •133 •062027 1 
•017 •002940 •056 •017369 •095 037909 •134 •062707 1 
•018 •003202 •057 •017831 •096 •038497 135 •063389 
•019 •003172 •058 •018297 •097 ♦0.89087 •136 •064074 
•020 •003749 •059 •018766 098 •039681 •137 •064761 1 
•021 •004082 •060 •019239 •099 •040277 138 •065449 1 
•022 •004322 •061 •019716 •100 •040875 •189 •066140 1 
•028 •004619 •062 •020197 •101 •041477 140 •066833 
•024 •004922 •063 •020681 •102 •042081 •141 •067528 
•025 •005231 •064 •021168 •103 •042687 •142 •068225 
•026 •005516 •065 •021660 •104 •043296 •143 •068924 
•027 •005867 •066 •022155 •105 •04.8908 •144 •069626 
•028 •006194 •067 •022653 •106 •044523 •145 •070329 
•029 •006527 •068 •023155 •107 •045140 •146 •071034 
•030 •006866 •069 •023660 •108 •045759 •147 •071741 
•031 •(K)7209 •070 •024168 •109 •046381 •148 •072450 
•032 •007559 •071 •024680 •no •047006 •149 •073162 
•033 •007913 •072 •025196 •111 •047633 •150 •073875 j 
•034 •008273 •073 •025714 •112 •048262 •151 •074590 
•035 •008638 •074 •026236 •113 •048894 •152 •075307 
•036 •009008 •075 •026761 •114 •049529 •153 •076026 
•037 •009383 •076 •027290 •115 •050165 •154 •076747 
•038 •009763 •077 •027821 •116 •050805 •155 *077470 
•039 •010148 *078 •028356 *117 •051446 •166 •078194 
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Areas of Segments of a Circle [continued). 

H 
T) M 

n 
j) M 

n 
I) M 

H 

I) 
M 

•157 •078921 •200 •111821 •243 •147513 •286 •185425 
•158 •079650 •201 ■112625 •244 •148371 •287 •186329 
•159 •080380 •202 •113427 •245 •149231 •288 •187235 
•160 •081112 •203 •114231 •246 •150091 •289 •188141 
•161 •081847 •204 •115036 •247 •150953 •290 ■189048 
•162 •082582 •205 •115842 •248 •151816 •291 •189956 
•168 •083320 •206 •116651 •249 •152681 •292 •190865 
•164 •084060 •207 •117460 •250 •153546 •293 •191774 
•165 084801 •208 •118271 •251 •154413 •294 •192685 
•166 •085515 •209 •119083 •252 *155281 •295 •193597 

, *167 •086290 •210 •119898 253 •156149 •296 •194509 
' -168 •087037 •211 •120713 254 •157019 •297 •195423 
1 -169 •087785 •212 •121530 •255 •157891 *298 •19(i337 

•170 •088536 •213 122348 •256 •158763 •299 •197252 
•171 •089288 •214 •123167 •257 •159636 •300 •198168 
•172 •090042 •215 •12;{988 •258 •160511 •301 •199085 
•178 •090797 •216 124811 259 •161386 •302 200003 
•174 •091555 •217 •125634 •260 162263 •303 •200922 
•175 •092314 •218 •126459 •261 •163141 •304 •201841 
•176 •093074 •219 •127286 •262 •164020 •305 •202762 
•177 •093837 •220 •128114 •263 •164900 •306 •203683 
•178 •094601 •221 •128913 •264 •165781 •307 •204605 
•179 •095367 •222 •129773 •265 *166663 •308 •205528 
•180 •096135 •223 •130605 •266 •167546 •309 •206452 
•181 •096904 •224 •131438 •267 •168431 *310 •207376 
•182 •097675 •225 •132273 •268 •169316 ■311 •208302 
•183 •098447 •226 •133109 •269 •170202 •312 •209228 
•184 •099221 •227 •133946 •270 •171090 •313 •210155 
•185 •099997 •228 *134784 •271 •171978 •314 •211083 
•186 •100774 •229 •135624 •272 i •172868 •315 •212011 
•187 •101553 •230 •136465 •273 •173758 •316 •212941 
•188 •102334 •231 j •137307 •274 •174650 •317 ■213871 
•189 *103116 •232 •138151 •275 i •175542 •318 •214802 
•190 •103900 •233 •138996 •276 1 •176436 •319 •215734 
*191 •104686 •234 •139842 •277 i •177330 •320 •216666 
•192 •105472 •235 j •140689 •278 1 •178226 •321 •217600 
•193 •106261 •236 •141538 •279 •179122 •322 •218534 
•194 •107051 •237 •142388 •280 i •180020 •323 •219469 
•195 •107843 •238 •143239 •281 •180918 •324 •220404 
•196 •108636 •239 •144091 •282 •181818 •325 •221341 
•197 •109431 •240 •144945 •283 •182718 •326 •222278 
•198 •110227 •241 •145800 •284 •183619 •327 •223216 
•199 j *111025 •242 •146665 •286 •184522 •328 •224154 
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Areas of Segments of a Circle {concluded). 

IT 

D 
M 

H 

T) 
3/ 

H 

I) 
M 

H 

]) M 

•329 •225094 •372 •266111 •415 308110 •158 •350749 
•330 •226034 •373 •267078 416 •30i)096 •459 •351745 
‘331 •226974 •374 •268046 •117 •310082 •460 •352742 
•332 •227916 •375 •269014 •418 •311068 •461 •353739 
•333 •228858 •376 •2()9982 •419 •312055 •462 •354736 
•334 •229801 •377 •270951 •120 •313042 •463 •355733 
•335 •230745 •378 •271921 •421 •314029 •464 •356730 
•336 •231689 •379 •272891 ■422 •315017 •465 •357728 
•337 •232634 •380 •2'/3861 •423 •316005 ■466 •358725 
•338 •233580 •381 •274832 •424 •316993 •467 •359723 
•339 •234526 •382 •275804 •425 •317981 •468 •360721 
•340 •235473 •383 •276776 •426 •318970 •469 •361719 
■341 •236421 •384 •277748 •427 •319959 •470 •362717 
•342 •237369 •385 •278721 •428 •320949 •471 •363715 
•343 •238319 •386 •279695 •429 •321938 •472 •364714 
•344 •239268 •387 •280669 •430 •322928 •473 •365712 
•345 •240219 •388 •281643 •431 •323919 •474 •366711 
•346 •241170 •389 •282618 •432 •321909 •475 •367710 
•347 •242122 •390 •283593 •433 •325900 •476 •368708 
•348 •243074 •391 •284569 •434 •326891 •477 •369707 
•349 •244027 •392 •285545 •435 •327883 •478 •370706 
•350 •244980 •393 •286521 •436 •328874 •479 •371705 
•351 •245935 •394 •287499 •437 •329866 •480 •372704 
•352 , •246890 •395 •288476 •438 •330858 •481 •373704 
•353 •247845 •396 •289454 •439 •331851 •482 •374703 
•354 •248801 •397 •290432 •440 •332843 •483 •376702 
•355 •249758 •398 •291411 •441 •333836 •484 •376702 
•356 •250715 •399 •292390 •442 •334829 •485 377701 
•357 •251673 •400 •293370 •443 •335823 •486 •378701 
•358 •252632 •401 •294350 •444 •336816 ■487 •379701 
•359 •253591 •402 •295330 •445 •337810 •488 •380700 , 
•360 •254551 •403 •296311 •446 •338804 •489 •381700 
•361 •255511 •404 •297292 •447 •339799 •490 382700 
•362 •256472 •405 •298274 •448 •340793 •491 •383700 
•363 •257433 •406 •299256 •449 •341788 •492 ■384699 
•364 •258395 407 •300238 •150 •342783 •493 •385699 
•365 •259358 •408 •301221 •451 •343778 •494 •386699 
•366 •260321 •409 •302204 •452 •344773 •496 •387699 
•367 •261285 •410 •303187 •453 •345768 •496 •388699 
•368 •262249 •411 •304171 •464 •346764 •497 •389699 
•369 •263214 •412 •305166 •455 •347760 •498 •390699 
*370 •264179 •413 •306140 •466 •348766 *499 •391699 
•371 •266146 •414 •307126 •467 •349762 •500 •392699 
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Circumferences of Circles. 

i)=diameter of circle. (7= circumference of circle. 

6^=7r/>=8*141593Zl. 

a 
=:*ru8;ua 

TT 

The use of the tables of circumferences of circles may be 
extended by applying the following rule :—If the diameter be 
multiplied or divided by any number, the circumference must 
be multiplied or divided by the same number. 

Thus, Diameter=/>. 
Diameter = ni). 

Diameter = -?. 
n 

Circumference = C. 
Circumference — nO. 

0 
Circumference = . 

n 

Circumferences of Small Circles. 

(DlAMF/rERS ADVANCING BY 61T11S.) 

Diam Circum. Diam Oircuni. Diam. Oircum Diam. Circum. 

uV •04909 1 7 
T,4 •83449 D t l-<;]99 4 9 Gf 2-4053 

A •09817 9 •88357 ll 1*6690 2 C 
3 2 2-4544 

■sfr *14720 n •93266 •jr. 
F4 1-7181 5 1 

Ff 2-5035 
1 

TF •19635 A •98175 A 1-7671 li 2-5625 
•24511 2 1 Cl 1-0308 { 7 

F-f 1*8162 ti T 
FT 2-6016 

A •29152 H 1-0799 il 1-8653 2-6607 
•34361 2 ‘i 

Ff 1-1290 3 9 
751 1-9144 2 6998 

i •39270 3 
S' 1-1781 5 

S 1-9635 2-7489 
A •44179 U 1*2272 41 

FI 2-0126 fI 2-7980 
A 1 -49087 1 T 1 -2763 n 2-0617 2 9 

FF 2-8471 
i *53996 n ! 1-3254 4 3 

64 2-1108 59 
rr 2*8962 

3 
IF •58905 1-3714 u 2-1598 2-9462 

« •63814 2 9 
54 1-4235 2-2089 FT 2-9943 

A •68722 1 6 
3 2 1*4726 2 3 

FF 2-2580 3-0434 
a *73631 a j 1-5217 n 2-3071 n 3-0926 

i , *78540 i 1 
1*5708 3 

F 2-3562 1 3-1416 
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Circumferences of Circles. 

(Diameters advancinc by H2nds ] 

Diain. 0 1 2 3 > 
r Diara. 

3-1416 (;-2832 9-1218 12 5(56 15-708 
5^ •09817 3-2398 6-3814 9-5230 12-(5(55 15-806 A 

1 1 c • 19035 3-3379 6-1795 9 6211 12-7(53 15-904 iV“ 
ifh •29452 3-4361 6-5777 9-7193 12-8(51 16-002 A 

1 g- ■39270 3 5313 6-6759 9-8175 12-959 16-101 1 g 
rPiT • 19087 3-6325 6-7711 9-9157 13-057 1(5-199 

Tff •58905 :i-7306 6-8722 10-(>14 13-155 16-297 A 
/it •68722 3-8288 6-9701 10-112 13-254 1(5-395 .V2 

1 •78540 3-9270 7-0(586 10-210 13-352 16-493 ■i 
A •88357 4-0252 7-1(568 10-308 13 450 16-592 A 

r, 
iir •98175 4-1238 7-2619 10 107 13-518 16-()90 ft 

H 1 -0799 4-2215 7-3(531 10-505 13-646 16-788 H 

g 1-1781 4-3197 7-4613 10-(5()3 13-744 16-886 
11 1-2763 4-4179 7-5595 10-701 13 843 16-984 A 

iV 1 3744 4-5160 7-(557(> 10 799 13 941 17 082 A 
1-1726 4-6142 7-7558 10-897 1 1-039 17-181 

1 -5708 4-7124 7-8540 10-99(5 14-137 17*279 4 

A 1-6690 4-8106 7-9522 11-094 14-235 17-377 
TIT 1*7671 4-9087 8-0503 11-192 14-334 17-475 A 

1-8653 5-0069 8-1485 11-290 14-432 17-573 

1-9635 5-1051 8-2467 11-388 14-530 17-671 ■1 
U 20617 5-2033 8-3449 11-486 14-(528 17-770 U 

H 2'] 598 5-3014 8-4430 11-585 14-726 17-868 H 
U 2-2580 5-3996 8-5412 11-683 14-824 17-966 rfl 

1 

f 2-3562 5-4978 8-6394 11*781 14-923 18-0(54 i 1 
2-4544 5-5960 8-7376 11-879 15-021 18-162 2 5 

nir 
2-5525 5-6941 ! 8-8357 11-977 15-119 18-261 
2-6507 5-7923 

1 
8-9339 12-075 15 217 18-359 u 

i 2-7489 5-8905 9-0321 12-174 15-315 18-457 
2-8471 5-9887 9-1303 12-272 15-413 18-555 n 

H 2-9452 6-0868 9-2284 12-370 15-512 18-653 
H 3*0434 6-1860 9-3266 12-468 16-610 18*751 

Dlam. 0 1 2 3 4 5 Diam. 

f'l'i 'VC-14 
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Circumferences of Circles. 

(Diameters advancing by Eighths.) 

D. ■h k k 
i< 

1 ^ K : /8 

0 
•• ' 3927 •7854 1-178] 1-5708 1 9635 2-3562 2-7489 

' 1 , 3-1416 3-5313 1 3-9270 4 3197 4-7124 5-1051 5-1978 5-8905 
2 6-28 J2 6-6759 j 7-0686 7-1613 7-8510 8-2467 8-6394 9-0321 

‘ 3 9-421S 9-8175 30-210 10-603 10-996 1 ] 1 388 11-781 12-174 
4 12*566 12-959 13 352 13-714 14-137 11-530 11-923 15-315 
6 15 708 16-101 16-193 16-886 17-279 17*671 18-064 18-457 

6 18-850 19*242 19-635 20-028 20 120 20-813 * 21-206 21-598 
7 21-991 22-381 22-777 23 169 23-5(‘)2 23-955 21-347 24-740 
8 25*133 25-525 25*918 26 311 2(;-704 27-09(; 27 189 27-882 
9 28-274 28-667 29-060 29-152 29-845 30-238 30-()31 31-023 

10 31*416 31 809 32-201 32 594 32-987 33-3)79 33-772 34*165 

11 31-558 31 950 35 313 35-736 3()*r28 36-521 36-914 37-306 
12 37-699 38-092 38-185 38-877 39-270 39-663 10-055 40-448 
13 40-841 41 233 41 -626 12-019 42 412 42-801 43-197 43*590 
14 43*982 14-375 11-768 15*160 45-553 45-946 46-338 46-731 
15 47-124 47-517 47-909 48 302 48-6)95 49-087 49*480 49*873 

16 50-265 50-658 51-051 51-414 51-836 52-229 52-«22 53-014 
17 53-407 53 800 54 192 51*585 51-978 55-371 55 7()3 56-156 
18 56*549 56-941 57 334 57-727 1 58-119 58-512 58-905 59-298 
19 59-690 60-083 60-476 60-868 1 61-261 j 61-664 62-046 62-439 
20 62-832 63-225 63-617 61-010 64 403 61*795 65-188 65-581 

21 65*973 66*366 66-759 67 152 ' 67-544 67-937 j 68-330 68-722 
l22 1 69-115 69-508 69-900 70-293 70-686 71-079 71-171 71-864 
23 1 1 72-257 72-649 73-012 73*435 73-827 j 71-220 74-613 75-006 
24 1 75-398 75 791 76-184 76 576 76 969 77-362 77-754 78-147 
25 1 78-540 78-933 79-325 79-718 80-111 80-503 80-896 81-289 

26 81-681 82-074 82-467 82-860 83-252 83-615 84 038 1 84-430 
27 84-823 85-216 85-608 86-(K)! 86-394 i , 86-787 87-179 87-572 
28 ' 87-965 88 357 1 88-750 89-143 89-535, . 89 928 90-321 90-713 
29 91-106 91-499 i 91-892 92-284 92-677 93-070 93-462 93-855 
30' 

1 
94-248 94-640 95-033 95-426' 95-819 96-211 96-604 96-997 

31 97-389 97 782 98-175 98-567 98-960 99-353 99-746 100*14 
32 100-53 100-92 101 -32 101-71' 102-10 102-49 102-89 103-28 
33 103*67 104-07 104-46 104-85 105-24 105-64 106-03 106*42 
34 106*81 107 21 107-60 107-99 108-38 108-78 109-17 109-56 
35 109-96 110-35 110-74 111-13, 111-53 i 111-92 j 112-31 112-70 

D. -0 
^ ! ^ 1 
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Circumferences of Circles. 

(Diameters advancing by Eighths.) 

D. •0 /8 ^8 H 
[3f> 113*10 113-49 113-88 114-28 114-67 115*06 115-45 115-85 
37 116*21 116-63 117-02 117-42 117-81 118*20 118-60 118-99 
38 119*38 119-77 ] 20-17 120-56 120-95 121*34 121*74 122-13 
39 122*52 122-91 123-31 123-70 124 09 124-49 124-88 125-27 
40 125*66 126*06 126-45 126-84 127-23 127*63 128-02 128-41 

41 128-81 129*20 129*59 129*98 130-38 130*77 131-16 131*55 
42 131-95 132-34 132-73 133-12 133 52 133*91 131-30 134-70 
43 135-09 135-48 135-87 136-27 136-66 137-05 137-44 137-84 
44 138-23 138-62 139*02 139*41 139-80 140-19 140*59 140*98 
45 141-37 141-76 142*16 142*55 142*94 143*34 143*73 144-12 

46 144-51 144-91 145*30 145-69 146*08 146*48 146-87 147-26 
47 147*65 148-05 148*44 148*83 149-23 149*62 150-01 150-40 
48 150-80 151*19 151*58 151-97 152-37 152*76 153*15 153-55 
49 153 94 154*33 154-72 155 12 155-51 155-90 156-29 156-69 
50 157*08 157 47 157-86 158 26 158-65 159-04 159-44 159-83 

51 160-22 160-61 161*01 161*40 161-79 162-18 162*58 162-97 
52 163-36 163*76 164-15 164*54 164*93 1(15*33 165-72 166-11 
53 166-50 166*90 167-29 167-68 168-08 l()8-47 168-86 169*25 
54 169-65 170*04 170 43 170-82 171-22 171-61 ! 172-00 172-39 
65 172-79 173-18 173-57 173-97 174-36 174-75 1 175-14 175-54 

56 175-93 176-32 176-71 177-11 1 177-50 j 177-89 1 178-29 178-68 
57 179-07 179*46 179-86 180*25 180-64 181-03 ] 181-43 181-82 
58 182-21 182-61 183 00 183-39 183-78 184-18 184-57 184-96 
59 185-35 185*75 186-14 186-53 186-92 187*32 ; 187-71 188-10 
60 188-50 188-89 189 28 189 67 190-07 190-46 190-85 191-24 

61 191-64 192-03 192-42 192-82 193*21 193-60 193-99 194-39 
1 62 194-78 195-17 195-56 195-96 196-35 196*74 197-13 197-53 
63 197-92 198-31 198-71 199-10 199-49 199-88 200 28 200-67 
64 201-06 201 *45 201-85 202*24 202 63 203-03 203-42 203-81 
65 204-20 204*60 204-99 205-38 205-77 206-17 206*56 206-95 

66 207-35 207*74 208-13 208-52 208-92 209-31 209*70 210-09 
67 210-49 210-88 211-27 211-66 21206 212*45 212-84 213*24 
68 213*63 214-02 214-41 214-81 215-20 215-59 215-98 216*38 
69 216*77 217*16 217-56 217*95 218-34 218-73 219-13 219-52 
70 219^91 220-30 220-70 221-09 221 -48 221-87 222-27 222-66 

D. •0 ^8 
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D. •0 

CIRCUMFERENCES OF CIRCLES 

Circumferences of Circles. 

[Diameters advancino by Eighths.) 

/s ' \ H \ h ^ H 
71 223-05 223-45 223 84 221-23 224-62 225 02 225-41 225-80 
72 226 19 226-59 22(; 98 227-37 227 77 228-16 228-55 228-94 
73 229 31 229-73 230 12 230*51 230-91 231-30 231-69 232-09 
71 232-48 232-87 233 26 233-66 231-05 231 44 231-83 235-23 
77) 235-62 236-01 236-4() 236-80 237-19 237-58 237-98 238-37 

70 238-76 239-15 239 55 239-91 210 33 240 72 241-12 241-51 
77 211-90 212-30 242 69 243-08 213-47 213-87 214 26 241-65 
78 245-04 245-14 215 83 246-22 246-62 247 01 247 40 247-79 
79 248-19 248 58 248 97 249-36 249 76 250-15 250-54 250-93 
80 251-33 251-72 252-11 252 51 252-90 253-29 253-68 254-08 

81 254-47 251-86 255-25 255-65 256-04 256-13 256-83 257*22 
82 257-61 258-00 258-40 258-79 259-18 259 57 250-97 260-36 
83 2()0'75 261 14 261-54 261 93 262-32 262-72 263-11 263-50 
84 203\S9 261 29 264-68 265 07 265 46 265-86 266-25 266-64 
85 2G7 04 267-13 267-82 2()8-21 268 61 269-00 269-39 269-78 

86 270-18 270-57 270-96 271-36 271-75 272-14 272-53 272-93 
87 273-32 273 71 274-10 274-50 274-89 275-28 275 67 276-07 
88 276-16 276-85 277-25 277-64 278 03 278-42 278-82 279-21 
89 279-GO 279-99 280 39 280-78 28M7 281 57 281-96 282-36 

I 90 282-74 283-14 283-53 283-93 284-31 284-71 285-10 285-49 

91 286-88 286-28 286-67 287*06 287-46 287-85 288-24 288*63 
1 92 289-03 289-42 289 81 290-20 290-60 290-99 291-38 291-78 

93 292-17 292-56 292-95 293-35 293 74 294-13 294-52 294*92 
94 295-31 295-70 296-101 296-49 296-88 297 27 297-67 298-06 
95 298-45 298-84 299-24 299-63 300-02 300-41 300-81 301-20 

96 301-59 301-99 302-38 302 77 303-16 303-56 303-95! 304*34 
97 304-73 1 305-13 305-52 305-91 306-31 306-70 ' 307-09' 307-48 
98 31)7-88 ' 308-27 308 66 309-0.5 309-45 309-84 310-23 310-62 
99 3)1-02 311-41 311-80 312-20 312-59 312-98 I 313-37 313-77 

100 314-16 314-55 314-94 315-34 315-73 316-121 316-52 316-91 

101 317-30 317-69 318-09 318-48 318-87 319 26 319-66 320-05 
102 320-44 320-84 321 -23 321-62 322-01 322-4J 322-80 323-19 
103 323-58 323-98 1 324-37 324-76 .325-15 1 325 55 i 325-941 326-33 
104 326-73 327-12’ 327-51 327-90 328-30 i 1 328-691 329-08 329'47 
106 329-87 330-26 330-65 331-04 331-44 331 83 332-22 332-62 

D. •0 /s H H H 



C
ir

c
u

m
fe

re
n

c
e
s 

o
f 

C
ir

c
le

s.
 

(
D

i
a
m

e
t
e
r
s
 
a
d
v
a
n
c
i
n
g
 
b
y
 
T

e
n
t
h
s
.)

 
CIRCUMFERENCES OP CIRCLES 189 

D
ia

m
. 

rH eq CO ^ lO CO 00 o> o 
iH 

tH C4 CO ^ ID 
fH rH iH fH iH 

<D to 00 05 O 
rH iH iH iH C4 

D
ia

m
. 

CO 
C CD (M 00 
05 O 04 CO lO 
CD i-( »0 05 CO 
05 .-( (M CO »0 

O CD (M QD -H 
t- OO O rH CO 
4- rH CD O rH 
CD GO (05 r^ 04 

O O rH 4'. CO 
lO X UO <05 rH 
<30 <04 X C »0 
CO lO X <X <05 

CJ5 lO rH 4- CO 
<04 -H X 4- (D5 
(Oj CO 1 - rH 40 
O <M CO 40 X 9 

lb o do 
rH t-H 

-H 4h 4- rH 
04 04 <^4 CO CO 

t-'- O CO CD (05 
CO -H -H rH -H 

(CO X (05 l^4 40 
40 40 40 X X 

00 

1- CO 
GO r-l CD 04 

CD GO 05 1—t 
»0 05 CO 04 
CD 05 O 04 

00 -H O CD 04 
04 rH CD 4'- 05 
CD O rti OO 04 
CO »0 CD t'- <05 

00 O X <04 
O <04 rH »0 4 r 
4- IH o <05 CO 
O <04 CO rH X 77

88
 

92
04

 
06

19
 

20
35

 
34

51
 

CO 

iO 00 lO ^ tH -in 4- O CO 
<04 04 04 CO CO 

4- (b CO CD (05 
CO rH rH rH 

C4 40 05 <M 40 
40 40 40 X X 

1^ 

rH O 
r- CO 05 »0 rH 
0 04coior- 

GO Ol CD Q 
00 -f CD t- ^ 

t-- CO i05 lO O 
GO Q rH CO *0 
r+l <05 CO t- rH 
O rH 'O) -H CO 

X <04 <30 rH O 
X GO <05 rH CO 
»0 <05 CiO GT <04 
1" QC C rH CO 

X <M 00 rH O 
-H X 4- <05 rH 
X O rH GO CO 
-H X 4'- on C 

lO 00 1'- rH -H 4- <D Cb 
04 04 04 CO CO 

X 05 cb CD (b 
CO CO -H -H -H 

<04 4 0 CX) rH I'o 
40 «o »0 X X 

02
65

5 
16

81
4 

30
97

 
45

13
 

59
29

 

lO rH t-- CO <05 
rH CD 4- 05 O 
CO t- rH lO O 
I- OC 9 rH CO 

»0 rH 4^ CO (05 
<04 -H JuO 4- <30 
-H GO <04 X (^ 
rH »0 4- GO p 

rH O X CM <X 
C <M CO 40 X 
40 (05 CO 4-- rH 
rr (03 -H 40 4-- 9 

UO 00 O cb 4^- <b cb 
04 04 <04 CO 00 

X <05 <04 40 <05 
CO CO -H -H -H 

<01 lb X tH rH 
40 40 40 X X 

tp 

05 GO 
CO <J5 CD 04 CO 
04 CO >0 GO 
rH lO 05 CO 4^ 
tr. 00 05 rH 04 

(05 O iH 4^ 
O rH CO O CD 
04 CD C OO 
■rf »(0 4^ GO (05 

CO <05 lO rH 4^ 
OC C5 rH CO -H 
(04 X rH »0 (05 
rH <04 rH O X 

CO C5 40 rH 4- 
X 4^ (05 rH <M 
CO 4^ rH X O 
X 05 rH M -H 

tp 
^ t'- O ^ O CO CD (05 (04 

(04 <04 04 04 CO 
X <b <04 >0 b 
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O X CD 05 X 
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o X 
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d d d d d 
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d d Cl d d 
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Surfaces of Tubes or Cylinders. 

D = diameter of tube or cylinder in inches. 
L = length of tube or cylinder in inches. 
ii = area of surface of tube or cylinder in square feet. 

^ 3-141()Z)Z 
^=-—144 • 

Tile following example illustrates the use of the table given 
on pages 195 to 199. 

The diameter of a tube is 1| inches, and its length is 11 feet 
7| inches : to find the area of the surface of the tube in square 
feet 

Area of surface of tube 11 ft. long and 1| in. diam. = 5*4000 sq. ft. 
„ „ ,, Tin. „ „ ,, = *2863 „ 
j> j> 8 >» n — ’025G yy 

>» j» >) 59 95 11 ft. 7i in. = 5*7119 
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Surfaces of Tubes or Cylinders in Square Feet. 

Diam. 
in 

Inches >4 

Leng th in In dies. 
Diam 

in 
Inches. 

i •0014 •0027 •0041 •0055 •0068 •0082 •0096 i 
A •0015 •0031 •0046 •0061 •0077 •0092 •0107 

1 •0017 •0034 •0051 •0068 •0085 •0102 •0119 I 
H •0019 •0037 •(X)56 •0075 •0094 •0112 •0131 

1 •0020 •0041 •0()61 •0082 •0102 •0123 •0143 f 

1 ^ 
Tir 0022 •0044 •0066 •0089 •0111 •0133 •0155 

1 •0024 •0048 •CK)72 •(X)95 •0119 •0143 •0167 i 
16 •0026 •0051 •0077 •0102 •0128 •0163 •0179 

1 •0027 •0055 •0082 •0109 •0136 •0164 •0191 1 
14 •0031 •0061 •0092 •0123 •0153 •0184 •0215 14 

u •0034 •0068 •0102 •0136 •0170 •0205 •0239 li 
If •0037 •0076 •0112 •0150 •0187 •0225 •0262 14 

14 •0041 •0082 •0123 •0164 •0205 •0245 •0286 14 
li •0044 •0089 •0133 •0177 •0222 •0266 •0310 li 

If •0048 •0095 •0143 •0191 •0239 •0286 •0334 If 

n •0051 •0102 •0153 •0205 •0256 •0307 •0358 li 
2 •0055 •0109 •0164 •0218 •0273 •0327 •0382 2 

2i •0061 0123 •0184 •0246 •0307 •0368 •0430 H 
24 •0068 •0136 •0206 •0273 •0341 •0409 •0477 2i 

2i •0075 •0150 •0225 •03(X) •0376 •0450 •0526 2f 

3 •0082 •0164 •0245 •0327 •0409 •0491 •0673 3 
3i •0089 •0177 •0266 •0355 •0443 •0532 I •0620 3i 

34 •0095 •0191 •0286 •0382 •0477 •0573 •0668 3i 
3i •0102 •0206 •0307 •0409 •0511 •0614 •0716 m 

4 •0109 •0218 •0327 •0436 •0545 •0654 •0764 4 

H •0116 •0232 •0348 •0464 •0580 •0696 •0811 
44 •0123 •0246 •0368 •0491 •0614 •0736 •0859 

4i •0130 •0269 •0389 •0618 •0648 •0777 •0907 4i 
5 •0136 •0273 •0409 •0546 •0682 •0818 •0954 5 

54 •0160 •0300 •0450 •0600 •0750 •0900 •1050 64 

6 •0164 •0327 •0491 •0664 •0818 •0982 •1146 6 
7 •0191 •0382 •0673 •0764 •0964 •1146 •1336 7 

8 •0218 •0436 •0664 •0873 •1091 •1309 •1627 8 
9 *0246 •0491 •0736 •0982 •1227 •1473 •1718 9 

10 •0273 •0546 •0818 •1091 •1364 •1636 •1909 10 
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Surfaces of Tubes or Cylinders in Square Feet. 

Diarn. Length in Inches. Diam. 
in in 

i Inches 1 2 3 4 5 0 Inches. 
1 

4 •0109 •0218 •0327 •0130 •0545 •0654 
0 1 (T •0123 •0245 •0308 •0491 •0014 •073() 

' -0130 •0273 •0109 •0545 •0082 •0818 

1 1 •0150 •0300 •0450 •0000 •0750 •0900 

1 •0101 ■0327 •0491 •0654 •0818 •0982 i 

H •0177 •0355 •0532 •0709 •0886 •1004 1 .*) IIT 
1 j -oioi •0382 •0573 •0704 •0954 •1145 1 \ r> 

1 fl •0205 •0409 •0014 •0818 •1023 •1227 1 r> 1 C 
1 •0218 •0430 •0651 •0873 •1091 •1309 1 

n •0245 •0491 •0736 •0982 •1227 •1473 n 

li •0273 •0545 •0818 •1091 •130)4 •1030 

11 •0300 •00)00 •0900 •1200 •1500 •1800 n 
li •0327 •0054 •0982 •1309 •1036 •1903 14 

n •0355 •0709 •1064 •1418 •1773 •2127 li 
13 •0382 •0704 •1145 •1527 •1909 •2291 If 

n •0409 •0818 •1227 •1636 •2045 •2454 
2 •0430 •0873 •1309 •1745 •2182 •2618 2 

24 •0491 •0982 •1473 •1903 •2454 1 •2945 2i 
24 •0545 •1091 •1030 •2182 •2727 •3272 24 

2i •0000 •1200 •1800 •2400 •3000 •3600 2S 

3 •0654 •1309 •1963 1 •2618 •3272 •3927 3 
H\ •0709 •1418 •2127 •2836 •3545 •4254 H 

•0704 •1527 •2291 •3054 •3818 •4581 34 
3| •0818 •1630 •2454 •3272 •4091 •4909 3S 

4 •0873 •1745 •2618 •3491 •4363 •5236 4 

H 1 -0927 •1854 •2782 •3709 •4636 •5563 
•0982 •1963 •2945 •3927 •4909 •5890 44 

4f •1036 •2073 •3109 •4145 •5181 •6218 4| 
5 •1091 •2182 •3272 •4363 •5454 •6545 6 

54 •12(K) •2400 •3600 •48(K) •6000 •7199 54 

6 •1309 •2618 •3927 •5236 •6545 •7864 6 
7 •1527 •3054 •4581 •6109 •7036 •9163 7 

B •1745 •3491 •5236 •6981 •8727 1-047 8 
9 •1963 •3927 •5890 •7854 •9817 1-178 9 

10 •2182 •4363 •6645 •8727 1-091 1-309 10 
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Surfaces of Tubes or Cylinders in Square Feet. 

Diara. Length in Inches. Diam. 
m — in 

IiK'hes. 7 ' 8 1 9 10 11 12 Inches 

J •07(54 •0879 1 -0982 •1091 •1200 •1909 i 
0 

1 s •0859 •0982 1 -1104 •1227 •1950 •1479 A 
5 •0954 •1091 •1227 •19(54 •1500 •1696 1 

11 
1 fl •1050 •1200 •1950 •1500 •1(550 •1800 

i •1115 •1909 •1479 •1090 •1800 •19(59 J 
1 1 (] •1241 •1418 •1595 •1779 •1950 •2127 1 *> 

1 
7 
fi •1527 •1718 •1909 •2100 *2-291 1 

8 
1 B •1492 •1(590 •1841 •2045 •2250 ■2454 1 6 

1 « 
1 •1527 •1745 •19(59 •2182 •2400 •2618 1 

u •1718 •1909 •2209 •2454 •2700 •2945 n 

n •1909 •2182 •2454 •2727 •9()()0 •9272 n 
•2100 •2100 •2700 •9000 99,00 •9(500 ^ 8 

H •2291 2(518 •2945 •9272 •9(500 •9927 14 
•2482 •289(5 *9191 •9545 9900 •4254 1h 

li •2()79 •9054 •949(5 •9818 4200 •4581 If 

H •28(59 •9272 •9082 •4091 •4500 '1909 H 
2 •9054 •9491 •9927 •4303 •4800 •529(5 2 

2} •949(5 •9927 •4418 •4909 •5400 ■5890 
24 •9818 •4903 •4909 •5454 •(5000 •6545 24 

2J •4200 •4800 •5400 •0000 •6600 •7199 2| 

3 •4581 ■529(5 •5890 •0545 •7199 •7854 3 
3i •4909 •5072 •(5381 •7090 •7799 •8508 H 

34 •5345 •0109 (5872 •7(536 •8399 •9163 34 
3| •5727 •0545 j •7363 •8181 •8999 •9817 9f 

4 •0109 •0981 •7864 •8727 •9599 1-047 4 

4i •0490 •7418 •8945 •9272 1 -020 M13 4i 
44 •0872 •7854 •8830 •9817 1-080 1 178 44 

4i •7254 •8290 •9327 1-036 1-140 1-244 4i 
6 •7030 •8727 •9817 1-091 1 -200 1 -309 5 

24 •8399 •9599 1-080 1-200 1-920 1-440 54 

6 •9103 1-047 1-178 1*309 1-440 1-671 6 
7 1*009 1-222 1-374 1-527 1-680 1-833 7 

8 1-222 1-396 1-571 1-745 1*920 2-094 8 
9 1-374 1-671 1-767 1-963 2-160 2-366 9 

10 1-627 1-745 1-963 2-182 2-400 2-618 10 



198 SURFACES OF TUBES OR CYLINDERS 

Surfaces of Tubes or Cylinders in Square Feet. 

Diam. 
in 

Inches 

Length in Feet Diam. 
in 

Inches. 2 3 4 5 6 7 8 

h 2(UH •3927 •5236 •6545 •7854 •9163 1-047 i 
9 

T6 •2945 •4418 •5890 •7363 •8836 1-031 1-178 A 
•f •3272 •4909 •6545 •8181 •9817 1-145 1 309 f 

H •3600 •5100 •7199 •8999 1-080 1-260 1-440 n 
i •3927 •5890 •7854 •9817 1-178 1-371 1-571 1 

U •4254 •6381 •8508 1-064 1-276 1-489 1-702 
■ff •1581 •6872 •9163 1*145 1-374 1-604 1-833 i 

•4909 •7363 •9817 1-227 1 473 1-718 1 963 iS 
1 •5236 •7851 1-047 1-309 1-571 1 833 2-094 1 

14 •5890 •8836 1-178 1-473 1-767 2 0(;2 2-356 14 

li •6545 •9817 1-309 1-636 1*963 2-291 2-618 li 
n •7199 1-080 1-410 1-800 2-160 2*520 2-880 1 AT 

H •7854 1-178 1-571 1-963 2-356 2*749 3-142 14 n •8508 1-276 1-702 2-127 2-553 2-978 3-403 i| 
li •9163 1-374 1-83H 2-291 2-749 3-207 3-665 If 

n •9817 1-473 1-963 2 454 2-945 3*436 3-927 n 
2 1-047 1-571 2*094 2-618 3-142 3-665 4-189 2 

H 1-178 1-707 2-356 2-945 3-534 4 123 4-712 2i 
24 1 1*309 1-963 2-618 3-272 3-927 4-581 6-236 24 

2| 1-440 2-160 2-880 3-600 4-320 6*040 6-760 2i 

3 1-571 2-356 3*142 3-927 4*712 5-498 6*283 3 
34 1-702 2-553 3-403 4-254 5-105 5-956 6-807 34 

C
O

 

1-833 2-749 3-665 4-581 5-498 6-414 7-330 34 
3f 1*963 2-945 3-927 4-909 5-890 6-872 7-854 3f 

4 2-094 3*142 4-189 1 5-236 6-283 7-330 8-378 4 

44 2-225 3-338 j 4-451 6-663 6*676 7-789 8*901 H 
44 2-356 3-534 4-712 5-890 7-069 8-247 1 9-425 

4i 2-487 3-731 4-974 6-218 7-461 8 705 ' 9-948 4| 
5 2-618 3-927 5-236 6-646 7-854 9-163 10-47 5 

54 2-880 4*320 5*760 7-199 8-639 10-08 ill-52 6J 

6 3-142 4-712 6-283 7-854 9-425 11-00 12*57 6 
7 3-665 5-498 ! 7-330 9-163 11-00 12*83 14*66 7 

8 4-189 6-283 ; 8*378 10-47 12-57 14-66 16*76 8 
9 4-712 7*069 9-426 11*78 14*14 16*49 18-86 

10 6*236 7*864 
1 

10*47 13*09 116*71 [ 18-33 20*94 
1__ 

j 10 i 
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Surfaces of Tubes or Oyliuders in Square Feet. 

Diam. 
in 

Inches 0 10 

Len 

11 

gth in F< 

12 

set 

13 14 15 

Diam. 
in 

Inches. 

4 1-178 1 30‘) 1440 1 571 1-702 1-833 1-963 4 
1-325 1-473 1-620 1*767 1-914 2-062 2-209 A 

1 1-473 1-636 1 800 1*963 2-127 2*2‘)1 2 454 I 
1-620 1-800 1-980 2*160 2 340 2-520 2-700 U 
1 767 1-963 2 160 2*356 2-553 2-749 2-945 1 

u 1-!»14 2-127 2-34(/ 2*553 2-765 2-978 3-191 if 
1 2 ()()2 2-291 2-520 2-749 2-978 3 207 3 436 I 

2-209 2-454 2-700 2-945 3-191 3-436 3-682 1 6 

1 2-356 2-618 2-880 3-142 3-403 3-665 3-927 1 
4 2-651 2-945 3-240 3-534 8-820 4-123 4-418 H 

IJ 2-945 3-272 3-600 3-927 4-254 4-581 4 909 li 
n 3-240 3-600 3-960 4 320 4-680 5-040 5-400 If 

14 3-534 3-927 4-320 4-712 5 105 5-498 5-890 14 
li 3-829 4-254 4-680 5*105 5-531 5-956 6-381 li 

12 4-123 4 581 5-040 5-408 5*956 6-414 6-872 If 

n 4-418 4-909 5-400 5*890 6*381 6-872 7-3(>3 n 
2 4-712 5-236 5-760 6*283 6-807 7*330 7*854 2 

2i 5-301 5 890 6-480 7-069 7-658 8-247 8*836 2J 
2i 5-890 6 545 7-199 7*854 8-508 9-163 9-817 24 

2| 6-480 7-199 7-919 8-639 9-359 10-08 10-80 2| 

3 7-069 7-854 8-639 9-425 10-21 11-00 11-78 3 
31 7-658 8-508 ' 9-359 10-21 11-06 11-91 12-76 H 

3i 8-247 9-163 10-08 11-00 11-91 12-83 13*74 34 
32 8-836 9-817 10-80 11-78 12-76 13-74 14-73 3| 

4 9-425 10-47 11-52 12-57 ! 13-61 14-66 15-71 4 

10-01 11-13 12-24 13-35 14*46 15-58 16-69 H 
4 10-60 11-78 12-96 14-14 15*32 16-49 17-67 1 H 

42 11-19 12-44 13-68 14-92 16-17 17-41 18*65 4| 
5 11-78 13 09 14-40 15-71 17-02 18-33 19-63 5 

64 12-96 ! 14-40 15-84 17-28 18-72 20-16 21-60 54 

6 14-14 15-71 17-28 18-85 20-42 21*99 23-56 6 
7 16-49 18-33 20-16 21*99 23*82 25-66 27*49 7 

8 18-85 20-94 23-04 25*13 27-23 29-32 31-42 8 
9 21-21 23-56 25-92 28-27 30-63 32-99 35*34 9 

10 23*56 26*18 28*80 
1 ^ __ 31*42 34*03 36-65 |39*27 10 



CAPACITY OF PIPES PER FOOT OF LENGTH 2(K) 

Capacity of Pipes per Foot of Length, or Discharging Capacity 
of Pumps per Foot Travel of Piston, in Imperial Gallons. 

7) ~diameter of ])i])e or pum]) barrel in inelies. 
C -ea])aeit\ ])(‘r foot length in im])ciial gallons* = 

DjX’MI.TLRS AJ)V\NflNG H\ EkOITHS. 

D •0 1 
8 i i \ R 

8 
3 
4 

7 
R 

0 •0005 •0021 •0048 •0085 •0133 •0191 •0200 
1 •0340 •0430 •0531 •0()42 •0704 •0897 •1040 •1194 
2 •1359 •1534 •1720 •1910 •2123 •2311 •2509 •2808 
3 •305S •33 IS •35SS •3870 •4102 •44()4 •4777 •5101 
4 •5430 •57S1 •0130 •0503 •0880 •7207 •7005 •8074 

5 •S493 •<S923 •9304 •9815 1028 1-075 1123 M73 
6 1 -223 1 -275 1-327 1-381 1 435 1-491 1 548 1 -000 
7 1-005 1-725 1-780 1 848 1-911 1 -975 2041 2-107 
8 2174 2-243 2 312 2-383 2 455 2-527 2 001 2-070 
9 __ 2 752 2*829 2-907 2-980 3-000 3147 3 230 3-313 

Diameters advancing 
BY Qi arters. 

Diameters advancing 
BY Inches. 

D •0 1 i i 

10 3-397 3-509 3-740 3-920 
11 4111 4-300 4-493 4-090 
12 4-892 5-098 5-308 5-523 
13 5-741 5-904 0-192 0-423 
14 c,-tm 6-809 7-143 7-391 

15 7-044 7-901 8-102 8-427 
16 8-097 8-971 9-249 9-532 
17 9-818 10-11 10-40 10-70 
18 11-01 11-32 11-03 11-94 
19 12-20 12-59 12-92 13-25 

20 13-59 13-93 14-28 14-03 
21 14-98 15-34 15-70 10-07 
22 10-44 10-82 17-20 17-58 
23 17-97 18-30 18-70 19-16 
24 19-57 19-98 20-39 20-81 

25 21-23 21-60 22-09 22-53 
26 22-97 23-41 23-86 24-31 
27 24-77 25-23 25-09 26-16 
28 26-63 27-11 27-59 28-08 
29 28-57 29-07 29-50 30-07 

D C D c" 

30 30-58 50 84-93 
31 32-05 51 88-36 
32 34-79 52 91-86 
33 37-00 53 95-43 
34 39-27 54 99-07 

35 41-02 55 102-8 
36 44-03 56 100-5 
37 40-51 57 110-4 
38 49-00 58 114-3 
39 51-07 59 118-3 

40 54-36 60 122-3 
41 57-11 61 126-4 
42 59-93 62 130-6 
43 02-82 63 134-8 
44 05-77 64 139-2 

45 08-80 65 143-6 
46 71-89 66 148-0 
47 75-05 67 162-6 
48 78-27 68 157-1 
49 81-57 69 161-7 

* The gallon is taken as 277*420 cubic inches (see p. 2). 
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Volumes and Surfaces of Solids. 

F= volume of solid. A =area of surface of solid. 

For each of tlie above solids, 
l"=rarea of base rrf x perpendicular height II 

— area of section ab perpendicular to sides x length L. 
A = perimeter of section ab x length L f sum of areas of the 

two ends. 
In a right piisin or right cylinder the normal section ab is 

equal in all respects to the base cd. 

Frustum Frustum Frustum 
of Pnsm. of Prism of Cylinder. 

Frustum 
of Cylinder. 

The following rules apply to the frustum of a prism whose 
normal section is either a triangle, square, rectangle, parallelo¬ 
gram, or any regular polygon, and to the frustum of a cylinder 
whose normal section is a circle :— 

F=area of normal section a6 x length of axis H. 
.4 = perimeter of normal section ab x length of axis i^+sum of 

areas of the two ends. 
The axis mentioned above is the line joining the centres of 

gravity of the ends. This line is parallel to the parallel edges 
of the solid, and its length H is the mean of the lengths of the 
parallel edges, i.e. H=s\xm of lengths of parallel edges— number 
of parallel edges. 

If the prism whose frustum is under consideration be such 
that the above rules do not apply, it may be divided into a series 
of frustums of triangular prisms whose volumes may be deter¬ 
mined separately by the rule above, and then added together for 
the whole volume of the solid. The area of the surface may be 
obtained by adding together the areas of the separate faces. 
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Volumes and Surfaces of Solids {continued). 

Right Ohhqye Right Oblique 
Pyramid. Pyramid Cone. Cone. 

For each of the above bolids, 
Fnzarea of base x 4 perpendicular height H 

For the right pyramid when the base circumscribes a circle, 
and for the right circular cone, 

A — perimeter of base x 4 length of slant side L + area of base. 
For the right circular cone whose base has a radius r, 

L= \/r^ + and A = ’in'{L {-r) = Trr{r + + IP). 

In a right pyramid L is measured from the vertex in a direc¬ 
tion at right angles to one side of the base. 

Frustum Frustum Frustum Frustum 
of Pyramid. of Cone. of Pyramid of Cone, 

The volume of a frustum of a pyramid or cone, i.e. the volume 
of the portion of the pyramid or cone lying between the base 
and a plane section of the solid, as shown above, is equal to 
the difference between the volume of the solid whose height is 

and the volume of the solid whose height is hy the base of 
the first solid being the base of the original solid, and the base 
of the second solid being the section mentioned above. 

.4= area of slant surface of solid of height if-area of slant 
surface of solid of height h + area of lower end + area of upper end. 

If the ends of the frustum are at right angles to the axis, and 
therefore parallel to one another, then _ 

V = (sum of areas of two ends -f s/product of areas of two endtf) 
X J height of frustum. 

If <ii=area of one end, aa=area of other end, and Aiss height 
of frustum, then Fas (oj+aj + Voioa) x 
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Volumes and Surfaces of Solids {concluded). 

If a cone, sphere, and cylinder have the same diameter, and 
the cone and cylinder each have a height equal to their diameter ; 
then^ if the volume of the cone be denoted by 1, the volume of 
the sphere will be denoted by 2, and the volume of the cylinder 
by 3. Also, the area of the surface of the sphere will be equal 
to the area of the curved surface of the cylinder. Again, the 
area of the curved surface of a zone or segment of the sphere will 
be equal to that of a zone of the cylinder of the same height. 

T-—L.K-^ 

/
I

 1 1 1 1 

yDJLsiMmj 
\ele:vation/ 

k-h->1 k-i-b-id 

V PLANA \ PLAN X \ PLAN y 

Prolate Spheroid. 1 Oblate Spheroid Ellipsoid. 

F=|a^6. 11 

T
 

V = g a6c. 

The volume of a spheroid or ellipsoid is equal to two4hird8 of 
Ihe yplume of the droumscribing cylinder. 



204 THE THEOREMS OF QULDlNirS 

The Theorems of Guldinus. 

(1.) If a line ah, straight or curved, whose centre of gravity is 
0, be made to revolve about an axis XT in its plane, the area 
of the curved suifacc traced out by ah is equal to the length of 
ah multiplied by the length of the path of G, 

(2.) If a plane figure ah, whose centre of gravity is G, be 
made to revolve about an axis XI" in its plane, but not cutting 
the figure, the volume of the solid swept out by the figure is 
equal to the area of the figure ah multiplied by the length of 
the path of G. 

Centre of Gravity. 

The centre of gravity is indicated by the letter G. 

C 

Straight Line EF. 

O is the middle 
point of EF. 

Sides of a Triangle 

o, 6, and c are the 
middle points of the 
sides. The centre 
of gravity of the 
three sides is at the 
centre of the circle 
inscribed in the tri¬ 
angle ahc. 

D 

Arc of a Circle. 

Z=length of arc 
ADB. 

OG is perpendi¬ 
cular to AB. 

_ cr _ c{c^ -f W) 
OG-j- . 

number of de¬ 
grees in angle AOB. 

wrn 
1 = 

180 

180 c 
00=~~ X-. 

Arc of a Circle = Half 
Circumference of 
Circle. 

OG is perpendicu¬ 
lar to AB. 

0G=~ =*6366r. 
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Centre of Gravity {continued). 

Triangle 

Ah — hC. Bn — aC. 
O IS at the inter¬ 

section of Aa and 
Bh 

a6r = ^^a. 

bO = \Bb 

Quadrilateral. 

a, 6, c, and d are 
the centres of grav 
ity of the tnangfles 

j ABD, BCA, CUB. 
I and DAC respec¬ 
tively (r ]s at the 
intersection of ac 
and hd. 

Quadrilateral 
{another method). 

Make CF^AE 
G, the centre of 

gravity of the tri- 
.ingle BDF, is also 
thecentreof gravity 
of the quadrilateral 
A BOD. 

Semicircle. 

OA = radius=r. 
OB IS perpendi¬ 

cular to OA. 

0G=t’'=-mir. 
dir 

Quadrant of a Circle. 

OA = OB ~ radius=r. 
Angle A (>^=-90". 

Ga IS perpendicu¬ 
lar to OA. 

Gb is perpendicu¬ 
lar to OB. j 

Oh — Oa = 3" = *4244r j 

0<7=-’l‘^=-6002r. 

Segment of a Circle. 

0 IS the centre 
of the circle. 

01) IS perpendi¬ 
cular to AB, 

a = area of seg¬ 
ment. 

The centre of gravity of a regular plane figure^ such as an equi¬ 
lateral triangle, a square, a rectangle, a parallelogram, or any 
regular polygon, or a circle, or an ellipse, is at the geometric 

of the figure. 



Sector of a Circle. 
Chord AB=c. 
Length of arc 

ADB=l. 
Radius OA or OB — r. 
OB is perpendicu¬ 

lar to AB. 

00.%. 

Half of an Ellipse Quarter of an Ellipse 
OA is semi major 0.4 is semi-major axis. 

axis. Oi^is semi-minor axis. 
OB is semi-minor Ga is perpendicular 

axis = 6. to OA. 
46 Gh is perpendicular 

to OB. 

0a=^ =-4244x01. 

Oh=~=-i2Uy.OB. 
6T 

Parabola and Semi-Parabola 
B is the vertex and OB the 

A 00 is perpendicular to OB. 
Ga IS perpendicular to OA. 
Gh is perpendicular to OB. 

For parabola, OG — ^OB. 

0b=l0B. Oa=loi. 

A BCD is any plane figure. G is the centre of gravity of 
the whole figure. Gi is the centre of 

- gravity of the part AEFD. G^ is the 
centre of gravity of the remaining 
part BEFC. 

a=area of part AEFD. 6=area of 
part BEFC. 

GiOO^ is a straight line. 
axGjG=bx G2G. _ 
(a -f 6) X OOi = 6 X 
(a -f 6) X x OiOz. 

Hence if the centres of gravity of the whole fi^gure and one 
part be known, the centre of gravity of the remaining part naay 
be found. Also if the centres of gravity of the parts be known, 
the centre of gravity of the whole may be found. The areas 
a and h are supposed to be known in each case. 
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Centre of Gravity {oontinued). 

Axy Plane Figure, by Experiment. \ 
Out the figure out of a piece of cardboard of uniform thick-1 

ness. Make a pin- I 
hole at any point A 
near the edge. Sus- 
pend the figure in a 
vertical plane on a 
pin through To the 
pin attach a threat! 
carrying a weight C^at 
its lower end. Draw 
a line AD on the 
figure in the direction ^ 
of the thread. Re- 
peat the experiment, ^ 
suspending the figure from another point B. The intersection 
of the lines AD and BE is the centre of gravity of the figure. 

This method gives excellent results, and is specially useful 
for irregular figures. 

Prism or Cylinder. 

Right or oblique, regular or irregular. < 
Centre of gravity of surface, excluding or in¬ 

cluding both ends.* O is at the centre of the line 
joining G and c, the centres of gravity of the 
parallel ends. This is also the centre of gravity 
of the solid. 

P3rramid or Cone. 

Right or oblique, regular or irregular. 
Centre of gravity of swrface, excluding the 

base. * is in the line joining the vertex v with 

c, the centre of gravity of the base. c(?=l cv. 

Centre of gravity of solid is in same line cv, 

= 7 cv, 
4 

* Xf in the case of the prism or cylinder it is required to Include erne md, 
^ il In the pyramid or cone it is required to include the boM, or if in the 
fruititn) ol a pyramid or cone it is required to include one md or both mds, 
a|^ t|»e fial« at the bottom of pate m 
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Centre of Gravity {continued) 

Frustum of Pyramid or Core. 

Right or oblique, regular or irregular, ends parallel. 
Jtf = perimetei or circumference of lower ^nd. 

' Ji m = perimeter or circumference of upper end. 
S = length of one side cf lower end 

/ / I s = length of corresponding side of upper end. / Z J —radius of lower end if circular. 
4 y 7/ ^ = radius of upper end if ciicular. 
\/ ^ }/ ^ = area of lower end. 

. - a = area of upper end. 
Ki- ^ Centre of gravity of surface^ excluding both 
j I ends.* G is in the line joining C and c, the 
j centres of gravity of the ends. 

3 M-Vm 3 S + s 3 Ji-\ r \ 

Centre of gravity of solid. G is in same line Cc. 

+ + /^24 Hr-^Mr^Cc^A + 3a + 2jAa 

4 + S“ + aS’s 4 Jlr 4 A a \ Ja^ ' , 

Segment of a Sphere. 

Centre of gravity of curved surface.* 

^ 'a' ^ Centre of gravity of solid. OG=? x ^ 
4 oH - H 

nn-H ^tT^ + n-‘_H 
2 i -dR-H' 

Hemisphere. 

Centre of gravity of curved surface.^ 

OC nn^ i o 

Centre of gravity of solid. 0G=\r. 
8 

The centre of gravity of a regular solids such as a cube, a right 
circular cylinder, a sphere, a spheroid, or ellipsoid, is the 
geometrical centre of the solid. 

* See footnotes on pages 207 and 209, 
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Centre of Gravity {continued). 

Zone of a Sphere. 

Centre of gravity of curved surface. * 

Centre of gravity of solid. 

U 2r^f4r:^l/f2 
CG— X — 

2 

6y;=1//. 

To Determine the Centre of Gravity by “Projection.” 
If one figure is a parallel pro¬ 

jection f of another, the centre 
of gravity of the one is the corre¬ 
sponding projection of the centre 
of gravity of the other. For 
example, an ellipse is a parallel 
projection of a circle, the dia¬ 
meter of the circle being equal 
to the major axis of the ellipse, 
y, the centre of gravity of a sector 
ocf of an ellipse, is the correspond¬ 
ing projection of the centre of 
gravity of the corresponding sector OEF oi the circle. 

* If it is required to include the hasp of the segment of a sphere, or if it is 
required to include one emi or both ends of a zone of a sphere, apply the rule 
given below. 

S =area of the surface of any solid 
5^, = area of a part EABF of the surface of the solid. 
j^=area of the remaining part FCDE of the surface, 
G is the centre of gi-avity of whole surface of solid, 
(y, is the centre of gravity of the part EABF of the 

surface, 
Gj is the centre of gravity of the remaining part 

FCDE of the surface. 
G., G, and Gg are in a straight line, and S.xGM- 

Also, RjXG.Gjj-RxGGs, and S^xG^Gi^ 
SxGGi. 

V = volume of any solid A BCD. 
Vi = volume of a part ABFE of the solid. 
F^=:r volume of the remaining part EFCD. 
G IS the centre of gravity of the whole solid. 
Gi is the centre of gravity of the part ABFE. 
Gz is the centre of gravity of the remaining part EFCD. 
0. G,, and G, are in a straight line, and V.xG.G-V^xGM Also, 

r^XGiGj5=FxGG2, and VzXG.Oi=-VxGGi. 
Hence if the areas of the parts of a surface of a solid, or the volumes of 

the pi^ns of a solid, he known, and also the positions of their centres of 
grav^y, the position of the centre of gravity of tlie whole surface, or the 
w^le solid, may be determined. Likewise, the position of the centre of 
i^ravity of one part may be determined if the positions of the centres of 

'gravity of the whole and the other part be known. 
t In parallel projection the projectors are parallel to one another, but may 

be either inclined or perpendicular to the plane of projection, 
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Centre of Gravity {cwiduded). 

To Determine the Centre of Gravity of any Structure, 
such as a Complete Machine. 

Select three planes of reference, OYAZ, OXBZ, and OXCY, 
perpendiculai to one another. Let 6'2, Os, etc., be the 
centres of gravity of the various parts of the structure. Wi, w^, 
tra, etc. = the weights of the parts whose centres of gravity are 
Gi, G2, Gs, etc., respectively, a-i, xg, etc. = distances of Git 
Gs, G3, etc., fiom the plane OYAZ. yi, yo, yz, etc. = distances 

of Oit Git Gst etc., from the plane OXBZ. 21, 23, etc. = 
distances of Gi, G^j G^, etc., from the plane OXCi. G is the 
centre of gravity of the complete structure, x, y, and 2= 
distances of Q from the planes OYAZ, OXBZ, and 0X0^ 
respectively, w=total weight of structure = Wi + w?2 + ws + etc. 

X= 
w 

_ W]yi -t- w^i -h Ways -f etc. 
w 

^ _ wi2i -f WiZi + w^z + etc. 
w 

If the points Qi, Qz, etc., are not all on the same side of 
any one of the planes of reference, then if distances measured 
on one side are positive, those on the other side must be taken 
as negative. 
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Moments of Inertia. 

Moment of Inertia. —Let wi, w% wg, etc., be the weights of the 
material particles making up a rigid body, and let their dis¬ 
tances from a given axis be respectively ri, ra, rj, etc., then, 

Moment of inertia of body about given axis = /. 

/= «;ir j 4- ^2^2 

Again, let oi, as, etc., be the areas of the small parts making 
up the surface of a given figure, and let the distances of these 
small parts from a given axis be respectively ri, r-j, rs, etc., then. 

Moment of inertia of surface about given axis = 7. 

1= air\ + a^r\ + a^r\ + etc. 

If /i, /s, /s, etc., be the moments of inertia of the parts of a 
solid or surface about a given axis, then, 

Moment of inertia of whole solid or whole surface = 7. 
7= 7i 4- 72 4- 73 + etc. 

Radius of Gyration. — Let IT = total weight of rigid body 
mentioned above. 

Let A = total area of surface mentioned above ; 
and let k be such a length that, 

Wk’^= I +^<'2^2 +W8’’3 4-etc., or, 

AP = 7= air* 4- 02^® 4- asr* 4- etc., 

then k is called the radius of gyration of the body or surface. 

Moments of Inertia about Parallel Axes.—Let 7= moment of 
inertia of a body or surface EF about an axis AB, passing 
through its centre of gravity O. ^ 

7i=moment of inertia of same body or 
surface about an axis CD, parallel to AB, 
and at a distance r from it. 

weight of body. A = area of surface. 
7i ^74- Wf^ for the body. D 
7i =74-Ar® for the surface. 

Moment of Inertia of a Plane Figure about an Axis at right 
a^les to its Plane.—OX and OY are axes at 
right angles to one another, and in the plane 
of the figure EF. OZ is an axis at right 
angles to the plane of the figure EF. 

J# = moment of inertia of EF about axis OX. 
L moment of inertia of about axis 0 T. 
4 asmoment of inertia of XF about axis OZ. 

A: ~ ‘X 
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Areas, Moments of Inertia, and Moduli of Various 
Sections. 

-urea, /—moment of inertia. Z —modulus^ . 
y 

The axis of moments is the neutral axis of the section, and 
passes through the centre of gravity of the section. ?/ = distance 
of axis of moments from the top or bottom of the section. 
Where no value is given for //, it is equal to half the total depth 
of the section. Where tlie s(*ction is not symmetrical about the 
neutral axis, there are two values for the modulus, Zi —/—2/1, 
and Zo = /-fy>2. 

Radius of gyration = A- 

A = ~X 

^=2( J2-1)DK 
= •8284^2. 

^- 

= •05477)*. 

^=^(4V2-5)i)>. 

= •10947)’. 

X A^B(l)-d). 

Q -<B). 

i. „_7)(/)’-(/») 
«7), ■ 

■ li— 

•Am 
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Areas, Moments of Inertia, and Moduli of Various 
Sections {C(mthiued), 

A - , /)- -THo 1 />- 
1 t 

I 

o/ ,V-'‘= 1 '>4 
I 

f •7854B/). 
I 4 

? /=J/i7>'= (»491J?iA 
' 64 

;A=^ A^’D-bd). 
, 4 

k. n_J TT 

I (BD^-hdA)} 
I j 

^ TTfBD^-bd^X 

A^lU)-hd. 

„ BJ)'' IhP 
U—b-hm k-B—>1 

^l=67; + /^rf. 

„ hl)^^ Bd^ 

jibi 

A^BD-hd. 

_ ^77^ - />cZ-2 
■^'~2(/y/y-W)' 

5/)2 2fc(/y>H AfP 

|"-b 

w-" B~~~*t k—~B*~"*^ k—“B"*"’** 2{BJJ-bd) -—o--n ^—o 

_ (BD^ - 6eP)^ - 45/)A</( D - df 

\2{BV-I,d) 

_ I (Blfi - bd-f - iBDMj^ - df 

^^'~yr ” e{Blfi^-bd^) 
„ I {BIf-bcPf-i£DU{J)-df 

<a(BIf^-2MD + bd?) 
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Areas, Moments of Inertia, and Moduli of Various 

k—B 

Sections {continued). 

1 0 

yi- 

, BIV ^ / Biy^ 
z_>= 

.s« ■ 
Biy^ 

' 12 ■ 

_IKB + 2h) 

^2- S{B-\-b)‘ 

yi 

JK^IB ^h) 

^{B+h)' 

(B^ I 4W> \ ?/2)/>3 

^ .]G{B tb) 

{B^+JBb + b^)7B 
12{2B + b) ' 

^^“2/2“ l2{B + 2b) 

TTf^ 
A= ^ = l-6708)2 

-(-34) 
4r 

r = -STSGr. 1/2 = 3,^ = *4244r. 

Zi = -= 1907r3. Z. 
yi 

1098r^ 

1 _ 

y2~ 
•2G86r3. 

ai=aiea of top flange. 
02=area of bottom flange. 
a =area of web. 

yi= 

^2=- 

a*2{21) — t^) + oj^i -f- a(c^ + 2^i) 

2(Oi + 02 “f 

(ii{21) ~ ) + 02^2 4- (i{d 4- 2^2) 

2(oi -f 02 H~ ®) 

/= 
1 + ^2^2 + aia^{D-\-df + aio(«i ^ df + aQa{t2 + df 

12 4(ai-} 02 + 0) 

yi ^ 2/2 

In actual practice it is often sufficiently accurate to take 
Zi=aihf and Zs=aji, where h is the perpendicular distance 
between the centres of the flanges. 
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Areas, Moments of Inertia, and Moduli of Various 
Sections {concluded). 

^ = 2b{B-D). 

+b4r" 

A=^{iy^~tP) + 2b{B~I)), 

r_ ^ I rn Jf4\ ■ 7 / m = ^Jy%{l^-d^)-i-b{B^-lP) + P{B- />)}. 

Badii of Gyration of Various Solids. 

/{:x=radius of gyration of body about axis XX. 
= radius of gyration of body about axis YY. 

The axes XX and YY pass through the centre of gravity of the 
solid in each case 

Rectangular Prism. 

Sides of rectangle, a and 6. 
Length of solid, 21. 

*~12^3 

y ~ 12 

Rhombic Prism. 

Diagonals, a and b. 
Length of solid, 21. 

*“34^3 T 
k 1^-' 
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Radii of Gyration of Various Solids {continued). 

Solid Circular Cylinder. 

lladius, r. 
Length, 21. 

p 

1 ‘ :i 

Hollow Circular Cylinder. 

External radiiib, rj. 
Internal radius, rj Length, 21. 

, > + r; I- 

Elliptic Cylinder. 
Semi-axes of ellipse, a and h. 
Length of cylinder, 21. 

% ~ 4 • 

Rectangular Pyramid. 

Sides of rectangle, a and h. 
Height of solid, h. 

k 
' m 20 

y~ 20 ' 
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Radii of Q-yration of Various Solids [concluded). 

Solid Sphere. 
2 

Radius, r. 

Hollow Sphere 
External ladius, ri Inteinal radius, ?•_ 

Polar Moment of Inertia 
/„=moment of inertia of plane figure about an axis at right 

angles to its jilane and passing through its geometrical centre or 
centre of gravity. 

corresponding radius of gyration. 
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STATICS—The Equilibrium of Forces. 

Force is that which moves or tends to move a body, or which 
changes or tends to change the motion of a body. 

The Unit of Force used by engineers is the attraction which 
the earth exerts m the latitude of London upon a certain piece 
of platinum ke})t in the Exchequer Office. This unit is called a 
pound, or the “ Imperial standard pound avoirdupois.” Multiples 
and submultiples of the pound are also used as units of force. 

Tlie single force which would produce the same effect as a 
number of forces acting together is called the Eesultant of 
these forces, and the forces are called the Components of their 
resultant. 

The resultant of a number of forces acting in a straight line 
is equal to the algebraical sum of the forces. (If forces acting 
in one direction along a line are positive, those acting in the 
opposite direction are negative.) 

Parallelogram of Forces.—If the straight lines OA and OB 
represent in magnitude and direction two 
forces acting at the point 0, the diagonal 
0(7 of the parallelogram OA CB will represent 
their resultant in magnitude and direction. 
Conversely, if a parallelogram OACB be de¬ 

scribed on 00 as diagonal, OA and OB will represent components 
of the force represented bv 00, 

Triangle of Forces.—If three forces, P, Q, and R, acting at a 
point 0, can be represented in magnitude and 

-£» direction by the sides of a triangle ABO taken 
f ill order, the forces are in equilibrium. Con- 

^ L versely, if three forces acting at a point are in 
® equilibrium, they can be represented in magni¬ 

tude and direction by the sides of a triangle taken in order. 
If three forces acting on a body are in equilibrium, their lines 

of action must meet at a point, or be parallel. 

Polygon of Forces.—If any number of forces acting at a point 
can be represented in magnitude and direction by the sides of 
a polygon taken in order, the forces are in equilibrium. Con¬ 
versely, if any number of forces acting at a point are in equili¬ 
brium, they can be represented in magnitude and direction by 
the sides of a polygon taken in order. 

The above statements are true whether the forces act in the 
same plane or not, provided they all act at the same point. 

Forces are considered to act at the same point when their 
lines of action intersect at the same point. 

If any number of forces acting in the same plane, but not at 
the same point, are in equilibrium, they can be represented in 
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magnitude and direction by the sides of a polygon taken in 
order. The converse of this is, however, not necessarily true. 

Lettering of Forces- Bow’s Notation.—The diagram (1) shows 
the lines of action of a number of forces which act at a point 
on a rigid body, and 
which are in equi¬ 
librium. The dia¬ 
gram (2) is the cor¬ 
responding polygon 
of forces. In one 
system of lettering 
each force is denoted 
by a single letterj as 
P, In Bow» noUniion each force is denoted by two letters, and 
they are placed on opposite sides of the line of action of the 
force in diagram (1), and at the angular points of the polygon 
in diagram (2). In Bow’s notation the force P is referred to as 
the force AB. In like manner the force Q is referred to as the 
force BC. Bow’s notation is of great value in graphic statics. 

The Moment of a Force about a point is the product of the 
magnitude of the force and the perpendicular distance of its 
line of action from the point. 

The moment of a force about an axis which is at right angles 
to the line of action of the force is the product of the magni¬ 
tude of the force and the per[)endicular distance of its line of 
action from the axis. If the axis is not at right angles to the 
line of action of the force, then the moment of the force about 
the axis is the product of the rectangular component of the 
force at right angles to the axis, and in a plane parallel to the 
axis, and its perpendicular distance from the axis. 

Principle of Moments.—When a number of forces acting on 
a rigid body are in equilibrium, then, the moments of all the 
forces about any given axis being taken, the sum of the moments 
of those forces which tend to turn the body in one direction 
about the axis is equal to the sum of the moments of those 
forces which tend to turn the body in the opposite direction 
about the same axis. 

Couples.—A couple consists of two equal parallel forces acting 
in opposite directions. The arm of a couple is the perpendicular 
distance between the two parallel forces. The moment of a 
couple is the product of the magnitude of either of the equal 
forces and the arm of the couple. A couple causes or tends to 
cause a body to rotate. 

Two couples will balance one another when (1) they are in the 
same plane or in parallel planes, (2) they have equal moments^ 
and {3) their directions of rotation are opposita 
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Force required to Move a Body on a Horizontal Plane against 
the Resistance of Friction. 

ir=weig]it of body, or force pressing the body on the plane. 
R ~ reaction of the plane on the body. 
The direction of R makes an angle with the normal to the 

plane equal to 0, the “limiting angle of lesistance.” 
fx =coefiicient of friction = tan <p. (For values of g see p. 2311.) 
/* = force necessary to move the body against the resistance of 

friction 

1. P=^ IF tan 0 —g ir. cos <t>' 

11. ir -minimum when 0 = <b. 
COs(t^-0) cos {0 0) 

111. P = Tr - ^ j \ = maximum when d = 90 - 0. R -- W—^ • 
COS (0 4 <^) ^ cos [b t <!>) 

The Inclined Plane. 
a —inclination of plane. 4 = height of plane. 
^ = lcngth of incline. -length of base. 

P=force necessary to move the body along the plane. 
weight of body. P = reaction of plane on body. 

The direction of R makes an angle with the normal to the 
plane equal to 0, the “limiting angle of resistance.” When 
friction is neglected the direction of R is perpendicular to the 
plane. 

coefficient of friction = tan 0. 
d —acute angle between the direction of P and the plane. 
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The Inclined Plane [continued) 

h 
II P= IVtan a=: ir^ It- = w, 

COS a 0 

ni 

cos (a 1 
’V 0 

I cS i"" "= ^ 
>f 1 

II /'= irtau (a4 ^) cos (o I 0) 

COS (^ - (p) 

IV P-=^W 
sin (a + </)) 
cos (^4 0) 

R 11 

iJ=ll 

cos(g I 9) 

cos {9 (p) 

^cos (a 

cos {9 \-<p) 

I P=W 
hin (0-ct)_ 

cos 0 ~ 
11^21-“= F'^vrrj?: 

•“ ”^006 0 I ^ 

^ COS (0 - a) 11. iP= IVtan (0-a). 
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The Inclined Plane {contimied). 

^sin (0-a) 
"^cos (0 - 6) 

sin (0 - a) 

III. P^W 

IV. w 
cos (0 + ^ 

R=^ W 

R= W 

cos {B - a) 
cos (B -<p)’ 

cos (^ + a) 
cos (^ + 0)* 

The Wedge, Key, or Cotter.—The diagrams show the wedge 
as used to separate two pieces A and £ which move within 
suitable guides. 

P=force required to drive the wedge. 
Q, Q=: forces pushing the pieces A and £ against the wedge. 
Ri, reactions of wedge on pieces A and £, 
Pi, jP2 = reactions of the guides on the pieces A and £. 
ai, a2, or a=angles which acting faces of wedge make with 

the direction of the force P 
0=limiting angle of resistance. 
/Lc= coefficient of friction = tan 0. 

I. P=Q tan a. 
II. 4-/^2 = Q (tan ai4 tan ag). 

Friction of the wedge considered. D, iving wedge in. 

I. + jtan(a + 0) + tan0}. 
11. Pi + P2=Q {tan (tti + 0) + tan (ofl + 0)}. 
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The Wedge, Key, or Cotter {continued). 

I. P^7^i + /\> = Q(tan{</>~a)4 tan0}. 
11. = -f 7^2=Q [tan (</»-aj) ftan(0-a2)j. 

If the friction is just sufficient to prevent the wedge coming 
out under the action of the forces Q, Q, then P~0, and a — 24>^ 
and ai + a., — 20. 

In the above, the friction between the guides and the pieces 
A and B is neglected. 

Equilibrium of a Body on an Axle. 

Perforce acting on the body at a perpendicular distance a 
from the centre of the axle. 

force acting on the body at a perpendicular distance b 
from the centre of the axle. 

r = radius of the axle. 
At = coefficient of friction = tan 0. 
0—limiting angle of resistance. 
0-angle between the directions of 

P and Q. 

If motion is about to take place in 
the direction of the arrow, i.e. if P 
is on the point of overcoming Q and 
the resistance of friction, then the 
equation of equilibrium is, 

If 

If 

Pa -Qh + r sin 0 ,JP^ -{ + 2PQ cos d. 

0=0, i.e. if the directions of P and Q are parallel, cos 0=1, 
and Pa — Q]b + r sin <f>{P + Q); 

hence, P= 
Q{b + r sin 0) 

sin 0 = - 
o-rsin^ ' 

0 is a small angle, sin ^ is nearly equal to (t. 



Xi and are the perpendicular distances of the lines «./ 
action of P and Q respectively from the fulcrum. 

Pressure oa/wZcrM??i = i^=iesultant of P and Q. 

When P and Q, are parallel and in the same direction. 

When P and Q are parallel and in opposite directions, 
F=P-Q, or Q~P. 

When the lines of action of P and Q are inclined to one 
another, F is determined by the parallelogram of forces, and is 
equal to the resultant of P and Q. The line of action of F 
passes through the intersection of the lines of action of P and 
0, and through the fulcrum. When the lines of action of P and 
Q are at right angles to one another, sfp^-\- Q^- 
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Simple Machines 

Friction neglected 

Ordinary Block and 
Tackle 

n = number of 
«ueaves in lower 
block. 

when one 

[end of rope is at¬ 
tached to upper 

, Idock, 
W 

one end of rope is 
attached to lower 
block. 

Movable Pulley. , Movable Pulley. 
1 . I 

Parts of rope parallel Parts of rope in- 
j dined. 

' P=-W. By pat allelogram 
'of forces, 

Differential Pulley- 
Block. 

R and r=radii of 
two parts of upper 
pulley. 

P _R-r 

2R ‘ 

R=radius of wheel. 
r = radius of axle 

or barrel. 

Px R-Wxr, 

Windlaaa 
L = length of crank 

arm. 
r=radius of barrel 

i>xZ=Ifxr. 
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Simple MacbineB {cmitinued). 

Single Purchase Crab. 

// — length of crank arm 
r=:radiiis of barrel 

?ii —number of teeth in pinion. 
n2 = number of teeth m wheel. 

P 111 ^ 

Double Purchase Crab. 

Z —length ol crank aim 
. r = radius of barrel. 

wi = number of teeth m pinion A. 
w, —number of teeth in wheel B 
«3-number of teeth in pinion C 

= number of teeth in wheel D. 

P 111 'f' 
114 ^ Z 

Endless Screw, or Worm and Worm WheeL 
«=number of teeth in worm wheel 
A single threaded worm makes n revolutions for one revoln-* 

tion of the worm wheel. 

A double threaded worm makes 

tion of the worm wheel 

n 

2 revolutions for one revolu* 
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Endless Screw, or Worm and Worm Wheel [continued). 

In the machine shown at (a), friction being neglected, 

P D ^ 
W~^Ln ^ single threaded worm. 

P D 
for a double threaded worm. 

W Ln 

Taking friction into account, 
P S1) 
TTr-o/ > approximately, for a single threaded worm. 
W ILn 

P 21) 
—-j—, approximately, for a double threaded worm. 

W Ln 

Simple Screw Jack (/>). 
p = pitch of screw. 
Z=length of lever, measured from axis of screw to point 

where power P is applied. 
P n 

Neglecting friction, 

Taking friction into account, to . 
W 2TrL 2'kL 

Screw Jack, with Worm and Worm Wheel (c). 
p=pitch of uprig ht screw, n=number of teeth in worm wheel. 
Neglecting friction, 

P V 
rxT—cr for a single threaded worm. 
W 2TrLn 

P V 
— for a double threaded worm. 

W TrJ/n 

Taking friction into account, 

approximately, for a single threaded worm. 

approximately, for a double threaded worm. 
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Fluid Pressure. 

The direction of the pressure of a fluid on any surface with 
which it is in contact is, at any point, at right angles to the 
surface at that point. 

If a fluid completely fills a closed vessel, and if a pressure be 
applied to the fluid at any part of its surface, that pressure will 
be transmitted equally in all directions through the fluid to 
every part of the surface of the vessel. 

The Pressure of a Liquid due to its Weight.—The intensity 
of the pressure at any point of a liquid due to its weight is 
directly proportional to the depth of the point below the upper 
surface of the liquid. 

The total pressure on any surface immersed in a liquid is 
equal to the weight of a right prism of the liquid whose base 
is equal in area to the given surface, and whose height is equal 
to the depth of the centre of gravity of that surface below the 
upper surface of the liquid. 

Let A =area of surface in square feet. 
ir= depth of centre of gravity of surface below upper 

surface of liquid, in feet. 
= weight of a cubic foot of liquid in lbs. 

Total pressure on surface in lbs. “ A Hw. 

The resultant of the pressure of a liquid on the wetted sur¬ 
face of a rigid body is the single force which, acting at a point 
on that surface, would produce the same effect on the body as 
the liquid pressure on it. In the case of a plane surface, the 
magnitude of the resultant pressure is equal to the total pres¬ 
sure on it 

The centre of pressure of a surface subjected to fluid pressure 
is the point on it at which the resultant pressure acts. 

The following are the cases of most frequent occurrence in 
practice, g is the centre of pressure in each case:— 

(1.) A rectangle or parallelogram with its highest side on the 
surface of the liquid, g is in the line which bisects the hori¬ 
zontal sides of the rectangle or parallelogram. = 

(2.) A rectangle or parallelogram with its highest side below 
and parallel to the surface of the liquid, g is in the line which 
bisects the horizontal sides of the rectangle or parallelogram. 

2/3^2 

'BV '26 
,^ah + a-‘\ 2/62 + 6c-fr2\ 
i-1 = 0 “r.- , where c=6-a. 
b-a / S\ b+c / 

(3.) A triangle with its base on the surface of the liquid. 
g is in the line joining the vertex C with the middle point 

pf the base AB, Dg 
% 
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(4.) A triangle with its base parallel to and its vertex on the 
surface of the liquid, ff is in the line joining the vertex with 
the middle point iTof tile base h — 

(6) (6) (7) (8) 
(5.) A triangle with its base below and parallel to the surface 

of the liquid, the vertex being below the base, g is in the line 
joining the vertex with the middle point of the base. 

t -t 2hc + , 
A=—,ri .-=—r.7 ^ wliere c = o-a. 

()i - 4a 2h f 4c 

(6.) A triangle with its base parallel to the surface of the 
liquid, the vertex being above the base and below the surface 
of the liquid, y is in the line joining the vertex with the middle 

point of the base, h = 
66-2a 

(7.) A circle with its highest point on the surface of the 
liquid. h—%d. 

(8.) A circle entirely immersed, its centre being at a distance 

c from the surface of the liquid. 
IGc 

(9.) A semicircle of diameter d, with the diameter on the 

surface of the liquid. *2945rf. 
oZ 

Note.—When the area of a surface is small compared with its 
depth below the surface of the liquid, its centre of pressure 
nearly coincides with its centre of gravity. 
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A general method of determining the centre of pressure of 
a plane surface abed immersed in 

JE. ■ K_ a liquid is as follows :—Produce the 
/ y/ \ / plane KL of the surface to meet 

y / \ / the surface of the liquid in the line 
/ y/ ^ \ / UK. Take a plane IIM containing 
c ^ 0 the line UK and inclined to the plane 

Y construct a 
/\ prism whose parallel edges aA, 6^, 

J^\rr-<C cOy and dJ) meet the plane JIM at 
\' respectively. De- 
o/\—/ termine (I the cen' re of gravity of 
/ \ / the solid abcdDUBA. A line through 

'/ \ / ^ parallel to the parallel edges of 
L/ \/ the prism and meeting the plane of 

the figure abed at g determines the 
centre of pressure of abed. 

Floating Bodies.—When a body floats in a liquid the weight 
of the body is equal to the weight of the liquid which it dis¬ 
places, and the straight line which joins the centre of gravity 

. of the body with the centre of gravity of 
the displaced liquid is vertical. 

The annexed figure shows a floating 
I «I body slightly displaced from its position 

m 0 of equilibrium. WG is the line which 
joins the centres of gravity of the dis- 
pla-ced liquid and the body when the latter 

“."■jr . r*!".** is its position of equilibrium. W' is the 
new position of the centre of gravity of 

the displaced liquid. A vertical line through W meets the 
line lf6^ at M. The point M is called the metacentre of the 
floating body. The equilibrium of the floating body is more 
stable the higher the point M is above 0 the centre of gravity 
of the body, and the equilibrium is unstable when M is 
below 0. 

A floating body which is in stable equilibrium will tend to 
right itself after being slightly displaced from its position of 
equilibrium, while a floating body which is in unstable equili¬ 
brium will tend to become still further displaced after it has 
been turned slightly from its position of equilibrium. 
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KINEMATICS--The Science of Motion. 

Motion is change of position. Velocity is rate of motion or 
rate of change of position. Velocity i.s either uniform or vari- 
ahlc, and is generally expressed either in fret per second, fret per 
minute, or milts per hour. When velocity is variable the rate at 
wliich it changes is called acodcration if the velocity is increas¬ 
ing, and retardation if it is diminishing. Retardation may be 
regarded as negative acceleration. Acceleration may be uniform 
or variable. 

Notation.—The following symbols are used in this section in 
dealing with the motion of a particle or small body 

initial velocity. 
7’ —velocity after an interval of time, t. 
/-uniform acceleration. 
5 = space described or distance moved in time, t. 
(If 8 is measured in feet and t in seconds, then and v are 

measured in feet per second and / in feet per second per second.) 

For Uniform Velocity— 

S=:Vit = Vt. 

For Uniform Acceleration— 
v = Vi-\-ft. lfVi=o, then v=ft. 

«-l-i/^2 then s = ]^ft^. 

r* = rJ -1- 2fs. If =0, then — 2/5. 

For Falling Bodies, under the free action of gravity the 
acceleration is denoted by g, which varies from a minimum of 
32-088 feet per second per second at the equator to a maximum 
of 32-258 feet per second per second at the poles. At the latitude 
of London ^=32-191 feet per second per second. The above 
values of g are only strictly true at the level of the sea. In all 
engineering calculations it is sufficiently accurate to take gf =32-2. 
The above formulas applied to falling bodies become— 

V = -f gt. If vi — o, 1 hen v=gt. 

8 — vit -f ^gfi. If Vj = o, then s - ^gt\ 

v’^ ~ v\ -f- 2gs. If = 0, then r- = 2^5. 

It must be remembered that these formulm for falling bodies 
are only strictly true when the body falls freely in a vacuum. 
The air has a retarding effect, which is greater the greater the 
surface presented by the body to the air compared with its 
weight. The retarding effect of the air also depends greatly 
on the shape of the body. 
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Velocities may be compounded, or resolved into components in 
exactly the same way as forces (see p. 218). 

Angular Velocity.—If a point P moves in a plane, and OX is a 
fixed line in that plane, tiien the rate at which the angle POX 
changes is called the angular vdocity of P about 0. 

Motion in a Circle.—If a point P moves along the circumfer¬ 
ence of a circle of radius r with a linear velocity v, and if the 
angular velocity of the point about 0 the centre of the circle be 

denoted by w (omega), then and v — urr. (w is the circular 

measure of the angle described by OP in a unit of time.) 
If P makes n revolutions in a unit of time, and the angular 

V (i) 
velocity is uniform, then v=2Trrn, and n = -^ • 

Instantaneous Axis.—Let A and B be two points in a rigid 
body, and at a given instant let A be moving in the direction 

_ AO, and let B be moving in the direction BD 
at the same instant. Draw AO perpendi- 

(Ap—**c cular to AO and BO perpendicular to BB, 

and let these perpendiculars meet at 0. An 
axis through 0 at right angles to the plane 
AOB is called the instantaneous axis of the 

I X body for its given position. At any instant 
a body may be considered to be rotating 
about its instantaneous axis at that instant. 

The point 0 is called the instantaneous centre. 
It follows that if Fj is the velocity of A in the direction AC, 

and F2 is the velocity of B in the direction BD, then 

KINETICS. 

The science which considers the relation of force to motion 
is called Kinetics. 

The Mass of a body is the quantity of matter which it con¬ 
tains. The unit of mass used by engineers is the standard 
pound. 

The Momentum of a body is the product of its mass and velo¬ 
city. If IF=the weight of a body in standard pounds, and 
its velocity, then its momentum = Wv. 

If a force of P lbs. acts, in the direction of motion, on a mass 
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weighing W lbs., the acceleration / produced, is given by the 
p 

formula, / = Having determined /, the space moved through 

and the velocity acquired in a given time are determined by the 
formulae on p. 231. 

Newton’s Laws of Motion.—Law I.—Every body continues 
in its state of rest, or of uniform motion in a straight line, 
except in so far as it may be compelled by impressed forces to 
change that state. 

Law 11.—Change of motion, or change of momentum, is pro¬ 
portional to the impressed force, and takes place in the direction 
of the straight line in which the force acts. 

Law III.—To every action there is always an equal and oppo¬ 
site reaction ; or, the mutual actions of any two bodies are 
always equal and oppositely directed. 

Work.—When a force acting on a body causes that body to 
move, the force is said to do work. The Unit of Work generally 
used by engineers is the footpound^ and is the work done by a 
force of one pound acting through a distance of one foot. The 
other units sometimes used are the im'h-pmind and the foot-ton. 
An inch-pound is the work done by a force of one pound acting 
through a distance of one inch. A foot-ton is the work done by 
a force of one ton acting through a dUtance of one foot. 

The work done by a force is found by multiplying the magni¬ 
tude of the force by the distance through which it acts. 

The Work done by a Variable Force is equal to the average 
ma^itude of the force multiplied by the distance through 
which it acts. 

The Work done in Raising a System of Weights is equal to 
the sum of the weights multiplied by the distance through 
which their centre of gravity is raised. 

Rate of doing Work—Horse-Power.—The working power of 
an agent is measured by the amount of work which it can do 
in a unit of time. A working agent is said to be of one horse¬ 
power when it can do 33,000 foot-pounds of work in one minute, 
or 650 foot-pounds in one second. 

The horse-power of any working agent is obtained by dividing 
th® number of foot-pounds of work which it does in one minute 
by 33»000. 
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The Approximate Working Power of Men and Beasts is given 
in the following table :— 

Kind of Work. 

I Man rai.sing his own w'eight, as in ) , 
j walking up a stair or ladder . f 
I Man pushing or pulling horizon- \ 
i tally, as at an oar or capstan . j 
I Man turning a crank or winch 
' handle.f 
Man raising weights with rope \ 

I and single pulley . . . j , 
Man raising w^eights by hand 

' Man carrying load on his back up \ 
' stairs and returning unloaded . j ^ 
Man shovelling earth to a height'! 

of 5 feet./1 

Average draught horse drawing a) 
i load.I 

Ox <lrawing a load 
Mule drawing a load . 
Ass drawing a h'lad 

J>iirati(>n 1 Force 
i everted 
j in 11)S 

Work done 
of lal)oiJr 
ill hours 
j)or (lay. 

j»er minute 
in foot- 
Iiouiids. 

-s 110 4,300 

1 
8 1 20-bo 3,200 

1 
8 ! 18 2,700 

b 40 1,800 

(*) 41 1,.5()0 

b 140 1,1(K) 

10 470 

8 120 2b,(XX) 

8 120 17,000 
8 bO 12,(K)0 
8 30 6,000 

The force exerted will depend on the speed. If the speed is 
increased, the force nnust be diminished ; and if the speed is 
diminished, the force exerted may be increased within certain 
limits. 

The work done in moving a body up an inclined plane is equal 
to the work done in drawing the body along the base of the 
plane against the resistance of friction phis the work done in 
raising the body against the resistance of gravity through a 
distance equal to the height of the plane. 

The work done in moving a body down an inclined plane is 
equal to the work done in drawing the body along the base of 
the plane against the resistance of friction minus the work done 
in raising the body against the resistance of gravity through a 
distance equal to the height of the plane. 

Energy is capacity for performing work. 

Potential Ener^ is the energy wdiich a body possesses by 
virtue of its position in relation to other bodies, or to the posi¬ 
tions of its molecules. 

Kinetic Energy is the energy which a body possesses by virtue 
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of its motion. If IV is the weight of a body in lbs., and v its 
Wv^ 

velocity in feet per second, then its kinetic energy is foot¬ 

pounds. 

Energy of a Rotating Body.—Let TF= weight of body in lbs., 
1:=radius of gyration of body, about axis of rotation, in feet, 
n = number of revolutions per second, —linear velocity of a 
point, at a distance r feet from the axis, in feet per second, 

Energy in foot-pounds = 
9 

(ir‘ = 9*87 nearl}^ and g = \\2'2,) 

Centrifugal Force.—When a particle of weight W lbs. moves 
in a circle of radius It feet, with a uniform linear velocity of 
V feet per second, it must be pulled or pushed towards the 

W'ir 
centre of the circle by a force F whose magnitude in lbs. = 

This force F is called the centripetal or centrifugal force, accord¬ 
ing as the force impelling the particle towards the centre, or its 
reaction, is considered. 

For a body of considerable size J{ is the distance of its centre 
of gravity from tlie axis of rotation, and v is the velocity of the 
centre of gravity. 

Centrifugal Tension in a Thin Revolving Hoop. —The hoop is 
supposed to revolve about its geometrical axis. The centrifugal 
forces of the particles of the hoop act outwards in radial direc¬ 
tions, and, like the pressure of a fluid inside a pipe, cause a 
tension at each cross section of the hoop. 

i2=radius of hoop in feet. 
V= linear velocity of hoop in feet per second. 
n=number of revolutions of hoop per second. 

weight of one cubic inch of material of hoop, in lbs, 
5r = accelerating effect of gravity = 32*2. 

centrifugal tension in hoop, in lbs. per square inch of 
cross section. 

The centrifugal tension in the rim of a revolving wheel or 
pulley may be determined, with suflicient accuracy for practical 
purposes, by using the above formula, R being the mean radius 
of the rim. 

Centr^gal Tension in a Thin Revolving Rod.—The rod is 
suppled to revolve about an axis at right angles to the rod, and 
passing through one end. 
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length of rod in feet. 
s — centrifugal tension in rod at a distance x feet from the axis, 
n, w, and y are the same as in the preceding article. 

2Uv7r“7r(P - 

0 
A Simple Pendulum consists of a heavy particle attached to 

one end of a fine thread, the other end of the thread being 
attached to a fixed point. When the particle is displaced from 
its lowest position and left to swing under the action of gravity, 
the time of an oscillation is found to be independent of the 
length of the arc described, provided the arc is small compared 
with the length of the thread. The length of the thread is the 
length of the pendulum An oscillation is a movement of the 
particle, or bob of the pendulum, from one end of the arc in 
which it swings to the other end and back. 

t=time of one oscillation in seconds. 
I—length of pendulum in inches. 

K t—2 seconds, Z—39-1303 inches, and gr“32-191xl2 inches 
per second per second, at the latitude of London. 

A Compound Pendulum is a body of any size or shape which 
is made to O'^cillate about a fixed axis. 

AB represents a compound pendulum which oscillates about 
a fixed axis or centre of suspension 0. G is the centre 
of gravity of AB. OG—R. P is a point in 0(9 pro¬ 
duced such that 0P~l the length of a simple pen¬ 
dulum which has the same time of oscillation as the 
compound pendulum AB. K is a point in OP such 
that 0K=k the radius of gyration oi AB about 0. 

^ = time of one oscillation (in seconds) of the com¬ 
pound pendulum about 0. 

The point P is called the centre of oscillation. If P be made 
the centre of suspension, 0 will become the centre of oscilla¬ 
tion, hence the centres of oscillation and susj>ension are i/nter^ 
changeable. 

The point P is also the centre of percussion, and is the point 
of the body at which if a blow be received no jar will be felt at 
the axis of suspension. 

The Ballistic Pendulum is used to determine the momentum 
of a projectile, or the impulse of a blow. It consists of a heavy 
block suspended by rods from an axis. The block may be q£ 
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wood, or it may be a box filled with moist clay. The projectile is 
fired into the block, and the pendulum swinges forward through 
an angle which is measured by a light pointer, which moves 
forward with the })endulum but does not return with it. 

«) = weight of projectile in lbs. 
v=velocity of projectile in feet per second. 
r = perpendicular distance of the axis of the pendulum from 

the line of flight of the projectile in feet, 
joint weight of pendulum and projectile in lbs. 

Z = length in feet of simple pendulum equivalent to com- 
pt^and pendulum of weight W. 

/<! = distance of axis of pendulum from common centre of 
gravity of pendulum and projectile in feet. 

^ = angle through which pendulum is moved. 

2WJi sin ^ jjf/l 
tf=:- 

wr 

Revolving Simple Pendulum.—A is a small 
body revolving about a vertical axis OF, to 
which it is connected by a fine thread or 
slender rod AO. AO describes the surface of 
a right circular cone of height h feet. 
n=number of revolutions of A in one second, 
Z=time of one revolution in seconds. 

t = '‘ = 4X2- 

Revolving Compound Pendulum.—AB is the compound pen¬ 
dulum, 0 the point of suspension, OY the axis of 
rotation, and O the centre of gravity of AB. 

A;] = radius of gyration of .4 5 about the axis GO. 
radius of gyration of AB about an axis OX 

at right angles to 00. 
^=angle6'0F. B=00. 
n=number of revolutions of pendulum in one 

second. 
height of equivalent revolving simple pen¬ 

dulum. ' 

h=: 
R ■ cos 0. 

Motion of a Gun and Projectile.— weight of gun (including 
whe carriage), t(;=weight of projectile, F=initial velocity of 
recoil of the gun, 1;=initial velocity of projectile. WV=wv, or 
the momentum of the gun and carriage^ momentum of the 
projectile. 
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Collision or Impact of Bodies.—The following formulas apply 
to cases of direct impact, t,€. to cases where the common normal 
to the surfaces of the bodies at their point of contact is the line 
of motion of the bodies :— 

weight of body A, w = weight of body B, 
T"= velocity of A before impact, 

velocity of H before impact. 
F'rr velocity of A after impact. 

= velocity of B after impact. 
c = coetticient of restitution. 

The following are some values of e Glass and glass, or ivory 
and ivory, c--94:; cork and cork, ; iron and iron, f = *66 ; 
brass and brass, c —‘36; lead and lead, e=*2 ; lead and iron, 
c=-13. 

For perfectly elastic bodies, c — 1; for inelastic bodies, «= o. 

Case I. The bodies A and B move in the same direction, and 
A overtakes B. 

^ = V+(\^e)-yy^- 

Case II. The bodies A and B move in opposite directions. 

r-(i-f^) 
w{ V + t;) 

W-^w 
v' = (l +c) 

W{V + v) 

W+w 

Case III. One body B is at rest before impact {v—o). 

wV WV 

Case IV. One body B is rigidly connected to the earth, and 
therefore becomes a part of the latter, hence w is infinite com¬ 
pared with W. {v = o, and v' = o.l F'= -eV 

Note,—If a velocity is positive (+) when a body is moving in 
one direction, it will be negative (-) when the body moves in 
the opposite direction. 

WV^ wv^ 
The total kinetic energy before impact = —+ and the 

WV'^ 
total kinetic energy after impact = 2 ^ ~2—’ 

The difference between these two totals is the amount of 
energy converted into vibration and heat. 

The following two theorems form the foundation of the 
theory of impact:— 

^ The relative velocity after impact V' - v* 

' ' The relative velocity before impact F ~ tT 

(2) Sum of momenta after impact=sum of momenta before 
impact, or WV+wv'= WV+wv. 
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FRICTION. 

Work done in Overcoming Friction. 
P = resultant load on bearing surface in lbs, 
/>t — coefficient of friction 

number of revolutions yicr minute. 
[7=work done per minute on fiiction in foot-pounds, 

Horse.powcr = ,^,^J^^^. 

Body slid mg on a fat surface U fiPV, 
where r= velocity of sliding in feet per minute. 

Cyliruthcal journal. IJ- ^tiPdNy 

where = diameter of journal in inches. 

Footstep or pivot with fiat end. V— ^ pPdN, 
1^ 

where = diameter of pivot in inches. 
Footstep or pivot with conical end, 

r= —jxPdNcoseca=^ pPN\^d^ + 
18^ 

where </ = diameter of pivot in inches, 
a = semi-vertical angle of cone. 
/i. = height of cone in inches. 

Collar hearing^ or square threaded screw. 

■rr ''f T.xr/ f TV T + nearly, 

where di = greater diameter, and d.^ = smaller diameter 
in inches. 

Coefficients of Sliding Friction of Solids. 
For small and moderate pressures amd low speeds. 

Wood on wood, dry ... . *25 to -5 
„ „ soaped .... . -1 » -2 
„ „ greased .... . -02 „ -1 

Metal on wood, dry. . 2 „ -6 
Metal on metal, dry .... . 15 „ *3 

„ „ oiled intermittently . 07 „ 08 
„ „ „ continuously . 04 „ *06 

Leather on wood, dry .... . -3 „ -5 
Leather on metal, dry .... •56 

„ „ wet .... •36 
„ „ greased •23 
„ „ oiled .... •15 

Hemp ropes on metal, dry . *2 to *34 
„ H n greased •16 
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The foregoing values of the coefficient of friction must be taken 
as approximate only. The results of experiments on friction 
are very discordant. It has been found that the coefficient of 
friction depends on the material of tlie sliding bodies, the state 
of their surfaces as regards smoothness, the intensity of the 
pressure between the surfaces, the velocity of sliding, the nature 
and quantity of the lubricant, and the manner in which it is 
applied, and also on the temperature. 

The friction at starting from rest or statical friction is greater 
than the friction of motion, and depends on the hardness of the 
bodies and the length of time during which they have been in 
contact. 

The so-called laws of friction are— 
(1.) The force of friction is directly proportional to the pres 

sure between the surfaces in contact. 
(2.) The force of friction is independent of the extent of the 

surfaces in contact. 
(3.) The force of friction is independent of the velocity of 

sliding. 
The above “laws” are approximately true when the intensity 

of the pressure between the surfaces is small, and when the 
speed of sliding is low. 

Friction of Journal Bearings.—The results of Mr. Beauchamp 
Tower’s experiments * showed, according to linwin,t that the 
coefficient of friction is approximately proportional to the square 
root of the velocity, and inversely proportional to the intensity 
of the pressure when the journal runs in an oil bath. Thus, 

fv 
where fi is the coefficient of friction, v the velocity of 

jP 
the surface of the journal in feet per second, and p the intensity 
of the pressure in lbs. per square inch of projected area of 
the bearing. 

The following values of c may be used for the lubricants 
mentioned:—Olive oil, *289; lard oil, *281 ; mineral grease, 
*431; sperm oil, *194 ; rape oil, *212; mineral oil, *276. 

For syphon lubrication, /4=—, where c'=2*02 for rape oil. 
P 

For pad lubrication, p is approximately constant, and = *01 
for rape oil. 

The following results were obtained by Mr. Tower with a steel 
journal, 4 inches in diameter and 6 inches long, at a speed of 
150 revolutions per minute, or 157 feet per minute. The “brass ” 
was of gun-metal, and embraced nearly one-half of the circum- 
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ference of the journal, and was placed on the top. The lubricant 
used was rape oil:— 

Method of Lubrication. 
Actual Ivoad 
in bbs per 

Square Inch, 
Coefficient of I 

Friction. 

Oil bath. 263 j •00139 j 
Syphon lubricator 252 •00980 ' 
Pad under journal 272 1 *00900 

With the same journal Mr. Tower obtained the following 
results at a speed of 20 revolutions, or 21 feet per minute in 
a bath of mineral oil :— 

Nominal load in lbs. per sq. inch 41.‘J 833 | 211 SO 
Coefficient of friction . . . •00132 *fX)16.S i•00247 *0044 

Chord of arc of contact of brass, 3 0 inches. Temperature, 
90® Fahr. 

The nominal load per square inch is the total load divided by 
the product of the diameter and length of the journal. Actual 
load per square inch = nominal load per square inch x 4-i-3'9. 

Mr. Tower’s experiments on friction, at different temperatures, 
indicate a very great diminution in the friction as the tempera^ 
ture rises. Thus, in the case of lard oil, taking a speed of 450 
revolutions per minute, the coefficient of friction at a tempera¬ 
ture of 120® was only one-third of what it was at a temperature 
of 60“ Fahr. 

The following figures show the comparative friction with 
various lubricants tried by Mr. Tower, under as nearly as 
possible the same conditions. Temperature, 90“ Fahr. Lubri¬ 
cation by oil bath :— 

Sperm oil . . *484 Lard oil . . *652 
Rape oil . . . -512 Olive oil . . ‘654 
Mineral oil . . *623 Mineral grease . 1 ‘048 

These figures are the means of the actual frictional resistances 
at the surface of the journal (4 inches diameter) in lbs. per 
square inch of bearing, at a speed of 3(X) revolutions per minute 
(314 feet per minute), with all nominal loads from 1(X) to 310 
lbs per square inch. They also represent the relative thickness 
or body of the various oils, and also in their order, though 
perhaps not exactly in their numerical proportions, their relative 
weight-carrying power. Thus sperm oil, which has the highest 
lubricating power, has the least weight-carrying power; and 
though the best oil for light loads, would be inferior to the 
thicker oils if heavy pressures or high temperatures were to 
be encountered. 
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Previous to the publication of the results of Mr. Tower’s 
experiments it was usual to take much higher values for the 
coefficient of journal friction. Morin gave the coefficient of 
friction for a lubricated journal bearing at from *045 to ’08. 

For mill shafting Mr. S. Webber* gave /x=:*066 for ordinary 
oiling, and /a = 044 for continuous oiling. 

For railway axles Kirchweger gave /a=*009 to '014 when the 
journals were lubricated with oil. 

Bokelberg and Wclkner obtained values of /x ranging from 
*008 for small pressures and low velocities to *018 for great 
pressures and high velocities. 

Friction of Pivot or Footstep Bearings. — The table below 
gives the results of the experiments on the friction of a pivot 

bearing cairied out for the Institu¬ 
tion of Mechanical Engineers by 
the Research Committee on Fric- 
tiomf The pivot experimented 
with was of steel 3 inches in 
diameter, and flat ended. The 
bearing was of manganese bronze. 
The bearing is shown in the ad¬ 
joining illustration. The oil was 
introduced, as shown, through a 
central hole, and distributed over 
the bearing by a single diametrical 
groove, terminating at each end 

within iV of the circumference of the bearing. It was 
found that the oil circulated automatically, the pivot and bear¬ 
ing acting like a centrifugal pump. 

Load in 
Lbs. per 

Revolutions per Minute. 

50 128 194 290 353 Sq. Inch. 

Coefficients of Friction. 

20 •0196 •0080 •0102 •0178 •0167 
40 •0147 •0054 •0061 •0107 •0096 
60 •0167 •0053 •0051 •0078 •0073 
80 •0181 •0063 •0045 •0064 •0063 

100 •0219 •0077 •0044 •0056 •0057 
120 •0221 •0083 •0052 •0048 •0053 
140 •0093 •0062 •0046 •0063 
160 •0113 •0068 •0044 •0064 

* Journal of the Franklin Institute, 1874. 
t Proceedings of the Institution of Meckmical Engineers, 189L 
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The coefficients of friction in the foregoing table were calcu¬ 
lated from the observed frictional moments, on the assumption 
that the mean leverage of the friction was two-thirds of the 
radius of the pivot, which would be correct if the pressure on 
the bearing was uniformly distributed. 

Friction of Collar Bearings. — In the third report of the Re¬ 
search Committee of the Institution of Mechanical Engineers 
on Friction, the experiments of Mr. Beauchamp 1'ower on the 
fiiction of a collar bearing are described * The results showed 
that the coefficient of friction in this type of bearing is practi¬ 
cally independent of the speed. The following table gives the 
mean values of the coefficient of friction {fi) obtained with 
different intensities of pressure (p) on the bearing ring, in lbs. 
per square inch. 

1 p 15 80 45 1 60 67-5 i 75 82-5 
1 fl •0542 •0403 1 •0869 •0861 ' -0855 •0849 1 *0836 j 

It was found in the above experiments that the greatest load 
which the bearing would carry was 75 lbs. per square inch at 
the highest speed, and 90 lbs. per square inch at the lowest 
speed. 

The friction of a collar bearing is much greater than that of a 
cylindrical bearing, because of the greatei difficulty of properly 
lubricating the former. 

Friction of Cotton Mill En^es and Gearing.—The following 
table contains a summary of results obtained by Mr. Alfred 
Saxon, and given by him in a paper read to the Manchester 
Association of Engineers in October 1892 :— 

Spur 
Gearing 

Rope 
Gearing. 

Belt 
Gearing. 

Number of examples 
Friction of engine and' 

gearing in per cent, 
of full load I.H.P. 
of engine . 

maximum 
-minimum 
mean 

10 

85-6 
18-17 
25*96 

8 

32-8 
28*3 
29-6 

2 i 

28-2 
27-0 
27*6 

Friction of Steam Engines.—Experiments have shown that 
the amount of power consumed in overcoming the friction of 
the mechanism of a steam engine is very nearly the same for all 
loads. According to Professor Thurston, the friction of steam 
engines varies from about 4 lbs. per square inch on the piston 
in small engines (25 to 50 horse-power), down to 1 lb. per square 
inch in very large marine engines. This gives power consumed 

* ProcMdingi cf tiu ImtitutUm of MechmAoal JSnffineerSi 1888* 
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in friction, ranging from 16 per cent, to 3 per cent. The crank 
shaft bearings are responsible for the largest part of the work 
lost in fiiction, in some cases as ranch as one-half. 

Mechanical Efficiency of Machines.— 
P “force acting at the driving point—tlic effort. 
W = force acting at the working point = the resistance. 
r=velocity ratio of machine, 

displacement of driving point 

displacement of working point’ ^ 

= mechanical advantage of machine 

mechanical advantage 
mechanical efficiency of machine—-— , ^ • 

velocity ratio 
W M 

When friction is neglected P~~ =1* 

When friction is taken into account and the machine has a 
straight line law, P —mW + k, where m and Z- are constants 
determined from experiments with the machine, then 

W 

“ f ~r[m^ -f A:)’ 

Friction Brake Dynamometer.—The effective horse-power of 
an engine is best de¬ 
termined by absorbing 
all the power at the 
crank shaft by means 
of a friction brake. 
The simplest and most 
reliable form of friction 
brake dynamometer is 
the rope brake, shown 
here. One, two, or 
more lengths of rope 
are passed once round 
the rim of the fly-wheel 
or the rim of a pulley 
fixed on the crankshaft. 
The different lengths of 
rope are kept in posi¬ 
tion by blocks of wood, 
as shown, the blocks 
being laced to the rope. 
The upper ends of the 
several lengths of rope 
are united and attached 

to a suspended spring balance B, while the other ends axe united 
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and attached to the weight W. {Note,—The length of hanging 
rope from A to the weight should be greater than is shown in 
the illustration.) 

Tf—hanging weight (including portion of rope, etc., 
hanging from A) in lbs. 

w. - tension registered by spring balance, less the weight 
of rope, etc., between A and the balance, in lbs. 

— effective radius of wheel = radius of wheel 1 radius of 
rope, in feet. 

7V=:number of revolutions of shaft per minute. 
o&ective, actual, or brake hoise-power. 

= = *0001904 JiN{ W-w). 
ooUOU 

Where the amount of power to be absorbed is large, the rim 
of the brake wheel is cooled by water. In that case the rim is 
of a channel section, and the water is held in it by centrifugal 
force. 

STRENGTH AND STIFFNESS OF MATERIALS. 

Load, Strain, and Stress. 
The load on a piece of construction is the combination of 

external forces acting on it. A dead load is one that remains 
constant. A live load is one that varies continually. 

Strain is the change of form produced in a piece by the action 
of the load. Tensile and compressive strains are measured by the 
ratio of the increase or decrease in length to the length of the 
unloaded piece. 

If a rectangular piece A BCD is distorted by a load P so that 
it assumes the shape aBCd, the piece 
is subjected to shearing^ and the shear¬ 
ing strain is measured by the ratio of 
Aa to AB, that is, by the tangent of 
the angle ABa. 

When a bar is lengthened or shortened by a load, it at the 
same time becomes narrower or wider. The ratio of this strain 
in the direction of the width to the simultaneous strain in the 
direction of the length is called Poisson’s Ratio. The following 
are values of Poisson’s ratio :— 

Copper . . . *38 Steel . . . ‘31 
Brass . . . *33 Wrought-iron . . *28 
Glass . . . *33 Cast-iron . . . *27 

Stress is the combination of internal forces which are called 
into play in the material of a structure to resist the tendency of 
the load to produce strain. Stress is usually measured either in 
lbs. per square inch or in tons per square inch. 
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Moduli or CoefOlcients of Elasticity. 
tensile or compres'^ive stress 

Modulus of direcf elasticity cirmprFssiv~e s^n 

If S be the stiain produced in a bar, whose cross section is A 
square inches, by a direct load of iribs., then 

W=SEA,..aA = Z. 
LA SA SL 

E is usuall}' determined from experiments on the deflection of 
beanisS (see p. 251). 

Modulus of tiansverse elasticity- stress^ 
sheariui> strain 

C is best deteimined from experiments on the torsion of shafts 
(see p. 427) 

Average Values of E in Lbs per Square Inch. 

Matei lal E Material E. 

Aluminium (cast. 12,000,000 Leather .... 25,000 
(commercially 1 she(‘t 13,(KK),000 Phosphor-bionze . 14,000,000 

pine) ! wire. 19,000,000 
• 1 tempered 

30,000,000 
Alummium-bronze) 

18,000,(K)0 
36,000,000 

(9 alumni to 1 copper) j Wood— 
'cast . 9,000,000 Ash. 1,600,000 

Brass . . i rolled 12,5(X),000 Beech .... 1,300,000 
wire . 14,200,000 Box . . . . 1,800,000 
cast . 12,000,000 Larch .... 1,200,000 

Copper, . rolled 15,000,000 Lignum-vitae . . 1,0(X),000 
1 wire . 17,000,000 Mahogany. . . 1,400,000 

Delta-metal rcast . 12,000,000 Oak . . . . 1,500,000 
L lolled 13,000,000 f white 1,000,000 

Glass . . 8,000,000 
k™- 

1,600,000 
1,800,000 Gun-metal 13,5(X),()00 

Iron, cast. 17,000,000 (pitch . 1,900,000 
Iron, /bar^ . 29,000,000 Teak. 2,000,000 

wrought (plates 26,000,000 

Average Values of C in Lbs. per Square Inch. 

Material. c. . Material. 

Brass wire . . . 
Copper, rolled . . 

5,300,000 
5,600,000 

Steel, / untempered 
cast (tempered . 

Iron, cast.... 6,300,000 
10,500,000 

Steel plates . . . 
Iron, fbars . Steel, forged . . 

wrought (plates 14,000,000 /Ash and elm 
. . . Phosphor-bronze , 6,300,000 

C. 

12,000,000 
14,000,000 
13,000,000 
13,000,000 

76,000 
82,000 
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Examples of Bending* Moments and Shearing 
Loads on Beams. 

bending moment. /^=:verlical shearing force. 

One Concentrated Load Ti^. 

3/ at — Wx F 3it A — W. 
M greatest at B, and= WL. 
F uniform throughout. 

Two Concentrated Loads Wi, 
3/ at 3 = WiXi ^ W2X2. 
F SLi A == Wj -f W.. 
M greatest at B, and= WiLi 4 
F uniform throughout length L\ 

Uniform Load W, or w per unit of 
length of beam. 
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Examples of Bending* Moments {continued) 

One Concentrated Load W placed 
anywhere 

WLy 
4/at A-^ j{Li-x) 

0 ^ greatest at i?, and = 

^--WLn 
►-L_^ points between C and B — — 

/’at points between 1) and B— 

Uniform Load W, or tv per unit 
of length. 

,iu,uifuiui, 
c D 

M a,t A =- 07- j Z’ at ^ = wx. 

, wL^ WL 
M greatest at B, and = - = 

o 8 

/’greatest at (7 and />, and = = —• 
L li 

r-u-'-H 
Ib 

k m i i i Wjl 

Beam supported at two points, * 
and loaded at the ends. i 

At all points between A and B,' 

iiiiiifiiiiin 

Beam supported at two points, 
and loaded uniformly. 

At any point E between A and B, 

Beam fixed at the ends, and loaded 
^ at the centre. 

JBJ jlf is a maximum vAA.B, and <7, 

a]ia= -g- at these points. 
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Examples of Bending Moments {eoncluded). 

m ^ 
Beam fixed at the ends, and 

loaded uniformly. 
M is a maximum at A and 7^, 

and = ^,7 at these points. 
HI 
|A 

nni 
iC !B 

M at 0= 
WL 

24 

Beam fixed at one end, supported at 
the other, and loaded at the centhe. .. 

5 

Reaction ^_ 

--L-♦! 
,w : 

is a maximum at A, and = 

at that point. M at (7= 
tiWL 

;i2 ‘ 

‘AWL 

IG 

]C 

Beam fixed at one end, supported 

Reaction 

J/ is a maximum at A, and ■ 

at that point, if at 

WL 

. - .w » 
w. ii 

Moment of Resistance of a Beam to Bending.—The neutral 
axis of a transverse section of a beam passes through the centre 
of gravity of the section, and is at right angles to the plane 
in which the beam bends. 

The stress on one side of the neutral axis is tensile, and 
on the other side compressive. The stress varies uniformly 
from zero at the neutral axis to a maximum at that part of 
the section which is farthest from the neutral axis. 

Let / denote the maximum stress, then the moment of 
resistance of the beam to bending at the section under con¬ 
sideration is denoted by fz, where 2 is a quantity, called the 
modulus of the section^ depending on the form of the section. 

Where the section is not symmetrical about its neutral axis 
there are two values of r, one, zi, corresponding to the part 
on one side of the neutral axis, and the other, Z2> corresponding 
to the part on the other side. If fi is the greatest stress on 
the part of the section to which zy refers, and /a is the greatest 
stress on the side to which za refers, then the moment of resis- 
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tance is equal to fiZ\ or f^z^. If fi is tensile stress, /q is 
compressive stress, and vice versa. 

For values of c, zu and ^2 corresponding to various forms of 
sections, see pp. 212 215. 

The above remarks only apply to cases where the beam is not 
strained beyond the elastic Ikmt. 

Safe Working Strength of a Beam.—If the bending moment 
at any section of a beam be denoted by M, the safe working 
strength is given by the following equations :— 

M—Jz for symmetrical sections, 
/i^i or/2;32 Inr unsymmetrical sections, 

where/, /i, and/o are the safe working stresses. 

Where the moment of lesistance has two values, the smaller 
must be taken. 

Breaking Strength of a Beam.—The relation between the 
bending moment and the moment of resistance just given, 
viz. M~fz, only applies when the beam is not strained beyond 
the elastic limit; and if / denotes the breaking stress deter¬ 
mined by direct experiment on a piece in tension or compres¬ 
sion, the above equation does not give the breaking strength 
of the beam when it is broken by bending. 

Lot M' denote the bending moment which actually breaks 
the beam, and let M—fz where / is the breaking stress de¬ 
termined by direct experiment on a piece in tension or com- 

M' 
pression, then the ratio - - depends on the form of the section, 

M 

and also on the material of the beam. 
M' 
^ is greatest for a circular section. For flanged beams M' 

may be taken equal to M. 
M' 

The following values of - for rectangular sections are given 
M 

by Mr. Lineham in his “Text-Book of Mechanical Engineer¬ 
ing ” ;—Fir, *52 to *94; oak, *7 to 1; pitch pine, *8 to 2*2; 
cast-iron, 1*57 to 2*8 ; wrought-iron, 1*21; forged steel, 1*47 to 
1*6 ; gun-metal, 1 to 1*9. 

Beams of Uniform Strength.—Economy of material is ob¬ 
tained when each section of a beam is so proportioned that 
its moment of resistance to bending is equal to the bending 
moment at the section, and the beam is then said to be of 
uniform strength so far as resistance to bending is concerned. 
Care must, however, be taken to see that each section is 
sufficient to resist the shearing load at the section. 
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Deflection of Beams of Uniform Section — 

Tf^-load on beam in lbs 
// = effective length of beam in inches 
/= moment of ineitiaof cioss section of beam (bee pp 212-215), 
ri^-= deflection of beam in inches 

—modulus of elasticity (see p 21b) 

\I umu of suppoiting and Loiding 

-L- 

- L- 

I- --gL— “n 

Fixed at one end, and 
r loaded at the other 

T Fixed at one end, and 
loaded uniforml} 

t Supported at the ends, 
and loaded at the | 
centre j 

Supported at the ends, 
and loaded uniform!} I 

Fixed at the ends, and 
loaded at the centre 

Fixed at the ends, and 
loaded uniformly 

I l^ixed at one end, sup- I 
poited at the other, 
and loaded at the 

1 centre I 
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Combined Straining Actions. 
Tension or Thrust combined with Bending.— 

.4 = area of section at ah. 
/i=: stress at side a of section ah. 
f2 —stress at side h of section ah. 
2/1 —distance of centre of gravity of section ah from side a. 
^2 = distance of centre of gravity of section ah from side b. 

7*=: perpendicular distance of point of application of load P 
from neutral axis. (Neutral axis passes through centre 
of gravity of section ah). 

/= moment of inertia of section ah about an axis perpendicu¬ 
lar to the plane of the paper and passing through the 
centre of gravity of the section 
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The piece subjected to twisting m\d bending is designed to 
resist the equivalent twisting moment or the equivalent bending 
moment. 

Streng-th of Long Columns, 

I. II. 111. IV. 

Fig. I. Column fixed at one end and free at the other. 
Fig. II. Column with both ends free, but guided in the 

direction of the load. 
Fig. III. Column with one end fixed, the other free and 

guided in the direction of the load. 
Fig, IV. Column with both ends fixed in direction. 
In each Fig. the thick line diagram shows the manner in 

which the column bends when loaded. 
Z=length of column in inches. 

A = area of cross section in square inches. 
/—least moment of inertia of cross section about an axis 

passing through its centre of gravity. (This axis will 
be at right angles to the plane in which the column will 
most easily bend.) 

least radius of gyration of cross section 



264 STRENGTH OP COLUMNS 

^=raoduhis of elasticity of the material in lbs. per square 
inch (see p. 246). 

n=factor of safety = 5 for wrought-iron or steel, 6 for cast- 
iron, and 10 for wood. 

W= working load in lbs. 

Euler’s Formulse.— 
Column fixed at one end and free at the other (Fig. I.), 

TT^ El TT^ Ek^A /7r2 \ (4=24674.) 
Column with both ends free, but guided in the direction of 

the load (Fig. II.), 
^^El ^Ek^A (7r2 = 0-8()9r).) 

Column with one end fixed, the other free and guided in the 
direction of the load (Fig. III.), 

^Ef ^ ,El-A 
ir=27r-27r- (27r2= 19*7892.) 

Column with both ends fixed in direction (Fig. IV.), 
ET Eh^A 

W= 4T2-^y. (47r2= 39*4784.) 

In each case TV must not exceed Af, where / is the safe 
crushing stress in lbs. per square inch. 

Gordon’s Formulae as modified by Rankine.— 
Column with both ends free, but guided in the direction of 

the load (Fig. II.), 

nW= 

Column with one end fixed, the other free and guided in the 
direction of the load (Fig. III.), 

nr 

Column with both ends fixed in direction (Fig. IV.), 

71 TV= 

For wrought-iron or mild steel . ci=36,000, C2=36,000 
For cast-iron .... ci=80,000, C2= 6,400 
For dry timber, strong kinds . cis= 7,200, cjsa 3,000 
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Springs, 

Deflection of Flat Springs.— 
f = thickness in inches. 
6 = breadth in inches. 
/ = length in inches. 

H^=load in lbs. 
modulus of elas¬ 

ticity in lbs. per 
square inch. 

5 = deflection in inches. 
(1.) Spring of uniform cross 

Wl-^ 
section. 5 = ^ ... 

(2.) Spring of uniform strength and uniform breadth. 6= — > 
2,jb ht^ 

where t is the thickness at the centre. 
For uniform strength the thickness at a point which is at 

a distance x from the end nearest to that point y = t 

The bottom being straight, the outline of the top is two 
parabolas, with their vertices at the ends. 

It will be observed that the deflection of (2) is double the 
deflection of (1) for the same stress iu the material. 

The form (2) may be approximated to by tapering the spring 
uniformly from the centre to the ends, as shown at (3), the 
thickness at the ends being half the thickness at the centre. 

If/ is the maximum tensile or compressive stress in the spring 
corresponding to a deflection 5, then 

(!)• 

^~ZEt' spring (2). 

For steel, E varies from 30,000,000 to 40,000,000. 

Locomotive Bearing Springs.— 
^ = span of spring in inches. 
6 = breadth of plates in inches. 

^1 and thickness of plates in inches. 
ni=number of plates of thickness ^i. 

„ ^2. 
modulus of direct elasticity of material in lbs. per sq. ind 
working load on spring in tons. 
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where c is a multiplier which is generally between 18 and 26, 
and has an average value of 23. 

The following table gives paiticulars of a number of loco¬ 
motive beaiing-springs fioin actual practice •— 

Number and Number and 
l h Tliu kiicbs w 1 h Thickness w 

of Plates. of Plates 

Ins Ins In. Tons Ins. Ins In. Tons 
32 

3G 4 

1(5 f 

|l7 1 1 

6 4 

r> 7 
42 

42 

5 

5 

^241 

IS 
11 4 

6-9 

7*0 

36 44 U1 Al 7-3 
42 
42 

5 
5 

11 4 
IH 4 

7*3 
7 5 

36 4 H i 8 9 
42 ) 1 41 7*3 

36| 1 4 14 i 7*5 

39 1 5 IS It 4*5 
45 
48 

4 
5 

16 4 
12 4 

8-9 
7*5 

39 5 !u H 6'4 
48 
48 

5 
5 

12 4 
12 4 

7*7 
7*9 

42 44 IH J 6*4 48 6 12 4 80 
42 5 12 i 6-6 54 5 14 4 , 8-0 

The deflection of locomotive bearing-springs may be found 
approximately from the formula, 

P 
Deflection in inches per ton of load= —^-g, 

kh{niti -\-n2t2) 
where k varies from 40,(XX) to 48,000. 

The theory of the deflection of beams gives the following 
84011^^3 

formula, 8= , - , . 
Lb{niti + ) 

neglecting the friction between the plates. Comparing this 
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formula with the preceding one, If i5'= 30,240,000, 

A an, 000. 
If/= maximum stress in lbs. per square inch (the maximum 

blicss is the same in each plate), then 

3300 H7 

h{7lit\ +7l>2tl) 

If W is the safe working load in tons, then substituting from 
the formula already given for 11^,/= 3300c, which gives /= 77,280 
when 23, the average value of c is taken. 

Helical Springs.—Z>=diameter of cylindrical surface passing 
through the centres of coils, in inches 

n = number of effective coils in spring. 
p=pitch of helix, in inches, 

angle of inclination of helix. 

p ; . — . sm 0= / 
^ p^ V tt"//" + 2*^ 

Z = length of wire forming effective coils 
spring, in inches. 

l:=n^TrH)'^+pK 

cos 6~ 

/= moment of inertia of a transverse section of the wire 
about an axis in the plane of the section, and passing 
through its centre in a direction parallel to axis of spring. 

/(,=moment of inertia of a transverse section of the wire 
about an axis at right angles to the section, and passing 
through its centre. (Polar moment of inertia.) 

.4 = area of transverse section of wire, in square inches. 
K=constant depending on form of section of wire. 

= 47r‘^ for circular and elliptical sections (=39 478). 
= 42‘(i6 for a square section. 
= 42 for a rectangular section when the longer side is not 

greater than 3^ times the shorter side. 
II^=load on spring in lbs., acting along axis of spring, and 

not greater than greatest safe load. 
IPi = greatest safe steady load, in lbs. 
/i = greatest shearing stress produced by load TPi, in lbs. per 

square inch. 
(7= modulus of transverse elagAinif.v, in lbs. per square inch. 
.S'=modulus of direct elasticity. 
^~^®flection of spring (extension or compression), in inches. 

The greatest safe suddenly applied load is half of the greatest 
safe steady load. 

The principal strain on the spring is torsional, but there is 
also a bending strain and a small transverse shearing strain. 

X 
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The third of these may always be neglected, and in most cases 
the second also. 

The following formulae give the deflection when the torsional 
and bending strains are considered .— 

^ H yjy^ ( K h cos- B si n*-^ Q \ 

*= 4 i El )■ 

If <p is less than that is, if B is less than 6®, the bending 
action may be neglected, and the following simpler formulse 
may be used :— 

g ^ WlD^KIo _ WnirlPKIo 

The latter formula is used in obtaining the results given 
below. 

g SWnlF 
Cd* 

ri, irdYi 

' 87)’ 

(2) For coils of elliptical section 
g 4WnIF{a^ + b^) IP _ 'rba^fi 

87) ’ 
where 6 is the major axis of the ellipse. 

(3) For coUs of square section 

_ 5-584 lFni93 

D 

(4) For coils of reetangidar section 

,_2T6JrnD»(d* + A») 
CW 

Ifi= 
(l-6i + -8A)2) 

where b is not greater than 3^ h, and h is Ims than & 
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If h is small compared with hy then 

The greatest stress fi is at the points on the boundary line of 
the section which are nearest to the centre of the section. 

Mr. Wilson Hartnell found from his experiments on springs 
such as are used for governors and safety-valves that C varied 
from 13,000,0(X) for ^-inch wire to 11,000,000 for g-inch wire, 
and he gives the sate stress fi as 60,000 to 70,000 for f-inch 
wire, and 50,(X)0 for ^-inch wire. 

For springs made of wire less than f-inch in diameter Mr. 
Hartnell gives the following rules :— 

nIfiW 

],440,000d‘' 

The Board of Trade rules for safety-valve springs are, 

and 

— for round steel, 

Wi = for square steel. 

These rules correspond to fi = 20,371 for round steel, and 
^1 = 26,442 for square steel. 

Conical Spiral Springs.—For notation used, see p. 257 and the 
Illustrations below. 

For coils of circular section 

Cod* * 8A 

For coils of elliptical section 

8i), ’ 2CS¥ ■ 
where h is the major axis of the ellipse. 
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For coils of rectangular section 

;H2Cc6/i’ 
The greatest stress f is at the points of the boundary line of 

the section which are nearest to the centre of the section. 

Spiral Spring's in Torsion. 

One end of the spring is fixed, and the other end is attached 
to the axle which is turned by the force W, which acts at a 
distance R from the axis of axle. 

0=angle turned through by axle under the action of W, in 
circular measure. 

5 = distance moved by W while the axle turns through the 
angle 

Z = moment of resistance of section of spring to bending, 
see p. 212. 

/= greatest tensile or compressive stress in material of spring 
due to bending moment. 

For the rest of the notation employed, see p. 257. 

Straight Bars in Torsion as Springs.— 
0 = angle of twist of bar by load in circular measure. 
5=distance moved by W while the bar twists through the 

angle 0. 
For the rest of the notation employed, see p. 257 and the 

figures on the opposite page. 

General formulce 

jtrt — 
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(1) For bar of circular section 

ler 
(2) For bar of elliptical sectum 

g __ 1G W0l{a^ -f IF) _ rboFf 
~~ ira^WC lG/2 ’ 

(3) For bar of rectangular section 

g _3'5 WR^IF -} fF)l _ IFhfi _ 

IFliV ’ ^“2;?(1G/h-‘8;i)' 

where h is not greater than 3^ h, and h is less than b. 
If k is small compared with b, then 

_3]m 
“ hkV' 

and = 

(4) For bar of square section 

. 7-11KTO 

7^ ' R * 

Note on the Deflection of Springs—In consequence of the 
uncertainty of the values of the moduli of elasticity, the deflec¬ 
tion of springs for given loads on them can only be determined 
approximately by the formulae beforehand, If it is necessary 
to know the exact deflections, as in the cases of springs for 
dynamometers, spring balances, etc., then, after the springs are 
constructed, they should be carefully tested with known weights 
and the deflections observed. 

Elastic Energy of Springs — 
?7=work stored up in spring, in inch lbs 

Z7i=work stored up in 1 cubic inch of spring, in inch lbs. 
2/2-work stored up in 1 lb. weight of spring, in inch lbs, 

volume of spring, in cubic inches, 
weight of 1 cubic inch of spring, in lbs. 

If=load on spring, in lbs, 
/= greatest stress due to load IT, in lbs. per square inch. 



262 ENERGY OF SPRINGS 

5=distance moved by W, in inches, when spring is deflected. 
j5'= modulus of direct elasticity of material of spring, in lbs. 

per square inch. 
(7= modulus of transverse elasticity, in lbs per square inch. 

U= 
m 
2 ' 

Uo = 
u 

Vw 

The values of Ui and U2 in the table below are for tempered 
steel under the greatest safe steady load; / befng taken at 
80,000, E at 1^2,000,000, Oat 12,800,000, and w at -284. 

Kind of Spring, and Manner 
of Loading 

Form of 
Section of 

Spring 
U Vy 

Straight bar 
supported at 
the ends,and 

Circle or 
ellipse 

vp 
8-3 29-3 

loaded at the 
centre. 

Square or 
rectangle. 

Yfi 

WE 
IM 391 

V Compound 
plate spring. 

Rectangle. 
VP 

(approx.) 
31-7 111*8 

Helical spring 

Circle or 
ellipse. 25 88 

in torsion. Square or 
rectangle §1

^
 

33-3 117*4 

Straight bar 
Any form. Vf 

2E 
100 m tension or 

compression. 
3621 

Straight bar 
in torsion, 
or helical 

Circle. 
vp 
4(7 

125 4401 

(7) 
spring in ten¬ 
sion or com¬ 
pression. 

Square. yp 
6-5C 

1 

76-9 270*9 

In (1), (2), and (3) the material of the spring is subjected to 
bending, in (4) to tension, in (6) to compression, and in (6) and 
(7) to twisting. 
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CHAINS. 

{From data suggested by E. Baylie dh Co. Ltd., Stourbridge.) 

Classification.—Welded chain can be classified under two main 
headings: lifting chain and cable chain. Lifting chain is made in 
short link, long link, and block or pitched chain. Cable chain is 
made in stud link and short or open link and is used to attach a 
ship to its mooring. 

Short link lifting chain is normal for cranes without seated 
wheels and for sling chains. It is made from wrought iron of 
21 to 24 tons/sq. in. ultimate strength. It can be of any length 
and is generally sold by weight. 

Chain size is designated by the nominal diameter of the iron; 
the actual diameter is normally slightly oversize. Exact size 
chain can be obtained. 

Short Link Wrought-iron Crane Chain.* 

Nominal 
Size of 
Cham. 

Weight 
per 

Fathom. 

Proof 
Load. 

Test Load. Elongation at Test 
Load on 36 In. 

Standard 
Quality. 

Special 
Quality. 

Standard 
Quality. 

Special 
Quality. 

In. Lb. Tons. Tons. Cwt. Tons. Cwt. In. In. 

■h 74 14 2 19 3 3 5 64 
i 104 If 4 3 4 8 54 64 
-h m 24 5 10 5 17 64 
4 174 3 7 2 7 10 54 64 

22i 34 8 17 9 8 54 7 

4 27 H 10 16 11 10 6i 7 
}4 32 13 0 13 16 H 7 
i 37 6i 15 7 16 6 64 7 

43 8 17 18 19 0 6i 7 
i 61 9i 20 13 21 18 6i 7 

44 57 lOi 23 12 25 I 7 
I 66 12 26 14 28 8 6i 7 
14r 73 13i 30 1 31 18 6i 7 
14 82 15J 33 12 35 14 6i 7 
1* 89 17 37 6 39 13 6i 6| 

14 98 18i 41 5 43 16 6i 6i 
i'^ 107 20f 45 7 48 4 6i 6} 
If 118 22f 49 14 52 16 5 H 
144 129 24i 54 4 67 12 5 
If 140 27 58 18 62 12 5 6i 

Extracted from B.S. 394 :1944. 
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Short Link Wrought-iron Crane Chain (continued).—The 
outside dimensions of a link shall be not more than by SJ times 
the actual diameter of the iron used. The actual diameter may 
be up to t/j in. greater than the nominal diameter. 

Normally the saje woricing load shoiild not exceed half the 
proof load, and for hazardous conditions it should be less than half. 

The whole of a short link chain is subjected to the proof load, 
which is approximately 12d^ tons, where d is the nominal diameter 
of the iron in inches. The test load is applied to selected 36-inch 
samples which have been marked accurately after subjection to 
the proof load. Test loads produce a stress of 16 tons^q. in. in 
standard quality chain and 17 tons/sq. in. in special quality chain, 
calculated on iron V? in. larger than the nominal size and con¬ 
sidering the sum of the cross-sectional areas of both sides of a 
link. The elongation is measured after removal of the tost load. 
The samples are finally tested to destruction. Hot bend, cold 
bend, and nicked fracture tests are also made. 

Pitched or Calibrated Wrought-iron Load Chain 
for Hand-operated PuSey Blocks.* 

Nominal 
Size of 
Chain. 

Proof 
Load. 

Safe 
Working 

Load. 

Unpolished. I Polibhed. 

Test 
Load. 

Min. 
Elong. 

on 36 In. 
at T. Ld. 

Test 
Load. 

Mm. 
Elong. 

on 36 In. 
at T. Ld. 

In. T. c. Q. T. 0. Q. T. c. Q. In. T. 0. Q. In. 

3T 8 1 5 2 1 2 2 3i 1 1 0 2i 
J 11 1 7 2 1 9 2 H 1 7 2 2i 
A 13 2 9 0 1 17 2 3i 1 14 3 24 
k 17 0 11 1 2 6 0 H 2 3 0 24 
Ih 1 1 0 14 0 2 15 2 3i 2 12 0 24 

} 1 4 2 16 1 3 6 0 3| 3 1 3 2i 
1 8 2 19 0 3 18 0 4 3 12 2 3 

A 1 13 3 i 2 2 4 10 0 4 4 4 1 3 
Vi 1 19 2 1 6 1 5 3 2 4 4 16 1 3 
i 2 5 0 1 10 0 5 18 0 4 5 10 1 3 

A 3 0 0 2 0 0 7 9 0 4 6 19 1 3 
1 3 15 0 2 10 0 9 4 0 4 8 11 3 3 
li 4 10 0 3 0 0 11 2 2 4 10 7 3 3 
i 6 12 2 3 15 0 13 5 0 4 12 7 1 3 

« 6 15 0 4 10 0 15 11 0 4 14 10 1 3 
i 7 10 0 5 0 0 18 1 0 4 16 16 3 3 

9 7 2 6 5 0 20 14 0 4 19 6 2 3 
1 11 5 0 7 10 0 23 11 0 4 21 19 3 3 

« Extracted from B.S. 460 :1932. 
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Pitched or Calibrated Wrought-iron Load Chain for Hand- 
operated Pulley Blocks (continu^).—This chain is used exclusively 
with pocketed sheaves and, although commonly termed “ block 
chain,” is used for other purposes than with chain pulley blocks. 
Actual diameter of iron in the links shall bo not greater than, and 
not more than 5 per cent, less than, the nominal diameter. Over¬ 
all length of a link shall be not more than 6 times, and width not 
more than times, the nominal diameter. 

Short Link and Pitched Steel Chain, Electrically Welded Mild 
Steel*—The diameter of the material shall not vary by more than 
plus 0 003 in. or minus 0 002 in. from the si7.cs in col. 1 of table. 

Weight-f Safe Tea' Load. 
Mm. 

Bizc OI oiiam. per 
rathom. Load. WorKing 

Load. Standard 
Quality. 

Special 
Quality. 

Elong. 
on 36 In, 

S.W (J. In. LI). 0/ T 0. Q T C Q T. C T. 0. In. 
6 0‘192 2 1 8 0 4 0 1 1 1 6 4 
5 0 212 2 5 10 0 5 0 1 5 1 11 4 
4 0 232 3 0 12 0 6 0 1 10 1 18 4 
3 0 252 3 6 10 0 7 2 1 16 2 4 4 
2 0'27() 4 3 18 0 9 0 2 3 2 13 4 
1 0-300 5 1 1 0 0 10 0 2 11 3 2 4 

’Sr 5 5 1 2 2 11 1 2 15 3 7 4 
6 7 1 8 0 14 0 3 7 4 2 6 

i 8 0 1 12 2 16 1 4 0 4 17 5 
\\ 9 4 1 18 0 19 0 4 13 5 14 5 

tV 11 0 2 5 0 1 2 2 5 8 6 13 6 
U 12 5 2 12 2 1 6 1 6 4 7 12 5 
i 14 2 3 0 0 I 10 0 7 1 8 13 6 

mi . 
16 0 3 7 2 1 14 0 8 0 9 15 5 

j-xxc wuuoiuu uimeiisions oi tne unKS, m lerms oi tne aiameter oi 
the material, shall be not more than 5 by SJ for short link chain 
and not more than 6 by for pitched or calibrated chain. 

Chain Slings.—Nominal length is measured from inside the ring 
or link at one end to inside the link or hook at the other end. 
In two-, three-, or four-leg slings, the legs should be equal in 
length within J in. The load lifted must be reduced as the angle 
between each leg and the vertical is increased. If P is the total 
safe load when all legs are vertical and 0 is the angle between 
each leg and the vertical when they are inclined, then, assuming 
equal load distribution, the safe load is P cos d. Examples are 
given for two-leg slings in the following table:— 

• Extracted from B.S. 690 ; 1936. 
t These weights do not apply to pitched or oalibrated chain. 
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Safe Working Loads for Two-leg Slings. 

Size 
of 

Slmg 
Cham. 

Angle between each Log and the Vertical. 

0^ 15“ 30“ 45° 60 

In. Tons C\\ t. Tons. Cwt. Tons. Cwt. Tons. Cwt. Tons. Cwt. 
1 2 1 2 .. 19 ,. 16 11 
3 0 2 18 2 12 2 2 1 10 

1 12 0 11 12 10 8 8 10 6 0 

Ljl_ 27 0 26 ] 23 8 19 2 13 10 

Rings and Alternative Links for Chain Slings.*—The proof load 
for a single sling ring, or alternative link, is equal to that of the 

sling chain, and the proof loads 
for two-, three-, and four-leg 
sling rings, or alternative 
links, are respectively two, 
three, and four times that 
of the sling chain. The safe 
working load should not 
exceed half the proof load. 

Bings.—Dimensions (see 
fig.) in terms of dg, the size 

of the short link chain in the sling, are tabulated. 

Sung. d D d D d D d D 

Single . 
Two-leg. 
Three-leg 
Four-leg | 

191d, 8d, 
2*42d, 8d, 

l*98d„ 9d, 
2-51d, 9d, 
2*89d<, 9dg 

2 05d, lOd, 
2*60d« lOde 
2*98d, lOde 
3*29d« lOde 

Proof Load —\4:'Wl{D-]-O'M) tons, approx., where d and D are 
in inch units and the ratio Djd is between 2 and 7. 

Link.s Alternative to Bings.—Dimensions (see fig.) in terms of d^. 

Sling. d L B Sling. d L B 

Single . 
Two-leg 

hWd, 6-5d, 3-9<i, 
218rf„ 80d, 4M, 

Three-leg 
Four-leg 

2.6(W, U, 5-4d^ 
3-06d, lOd, 7-Od. 

For non-standard links geometrically similar to the above 

standards d- KVProof load inches, approx., where K is 0-46, 
0*445, 0*435, and 0*44 for single, two-leg, three-leg, and four-leg 
slings respectively, and the proof load is in tons. 

• Extracted from B.S. 781 ; 1938. Wrought-iron Chain Slings and Kings, 
Links Alternative to Kings, Egg Links and Intermediate Links. 
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Crane Hooks.*—A few dimensions are tabulated below; others 
wiU be found in B.S. 482 : 1946. 

Shank Hook, Eye Hook, 
Trapezoidal Section. Circular Section, 

Trapezoidal Sections. Circular Sections. 

Shank Hooks. Eye Hooka. 
Shank 
Hooks. 

Eye 
Hooks. 

c i-aVw l-84V'lf 4-5d„ 

= 1-84^1^ c i-sVF 1-5v'F 
A 2-750 2-460 1010d« A 2-670 2-470 
B 1-310 1-170 700d, B 1-350 1-750 
D 1-440 1-29(7 6-83<i, D 1-320 1-320 
E 1-250 1-130 6-Od, •• •• 

0 0-560 0-460 4-0<i. 0 0-560 1-000 
H 0-93(7 0-780 36d, H 0-820 0-820 
J 0-750 0-760 34<i, J 0-770 0-790 
M 0-60(7 0-510 2-3d. Q 0-640 0-640 
T •• i-5d. T 0-440 

If = safe working load in tons. C is in inches. = nominal 
diameter in inches of appropriate chain iron. Proof load = 2W, 
up to If=50 tons. Over this value a modified proof load may 
be necessary. 

Second column under trapezoidal sections, shank hooks, is the 
alternative for hooks of increased internal diameter for small loads, 

• Extracted from B.S. 482 ; 1946. Wrought Iron and Mild Steel Hooks lor 
Slings and General Engineering Purposes, Excluding Building 
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ROPES. 

Construction of Hempen Ropes.— Yarns are made by spinning 
or twisting the fibres together with a right-handed twist. A 
strand is made by twisting jams together left-handed. A 
hawserdaid rope or hawser is made by twisting three strands 
together right-handed. A shroud-Imd rope has four strands 
twisted round a core. A cahU-laid rope or cable consists of 
three hawsers twisted together left-handed. 

The size of a rope is its circumference or girth. The size 
of a rope which is used for transmitting power is, however, 
generally taken as the diameter. 

Weight and Strength of Hempen Ropes.— 
(7= girth of rope in inches. 
fr=: weight of rope per fathom (6 feet) in lbs. 
tS = breaking strength of rope in tons. 

Pf^-ieCHo -20(72 
/Sf=T8(72 to .54(72, 

The following simple rules for the weight and strength of 
hempen ropes may be used in making rough calculations :— 

Tarred ropes have only about three-fourths of the strength 
of untarred ropes of the same material. Tarred ropes, however, 
retain their original strength longer than white ropes, and they 
are more impervious to water. 

The working load is generally from one-sixth to one-tenth 
of the breaking load, except for ropes used for transmitting 
power, when the working load is generally muoh lees (see p. 
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British Standard Manila Eopes *—3-Strand, Plain 
or Hawser Laid. 

BrcukmL^ Load 
Oin unj- \V per _ _ _ 
fen ticc 120 I uthoins Clrade 1 Oniflf 2 Lr 1 If 

Ill Min Cwt Qr Lb Tons tut Ions ( ul Ions Cwt 
1 22 17 n bi 

1 25 26 wi 

11 32 1 6 .. 14 12 5 11 

11 35 1 15 m I5f 13J 

H 38 1 24 1 1 18| 16i 

IS 41 2 4 1 H 1 2 n»i 
11 44 2 13 1 8J 1 1 2 

2 51 3 10 2 0 1 i.H 1 11 
2} 57 1 0 0 2 8 2 2i 1 17 
2i 64 1 1 6 3 Si 2 2 94 
2i 70 1 2 4 3 ir>i 3 7 2 18^ 

3 76 1 3 10 4 10 4 0 3 10 
31 83 2 0 16 5 4i 4 13 4 14 
3i 89 2 2 3 5 5 6i 4 13 
31 95 2 3 8 6 l(i| 6 H 5 6 

4 102 3 1 5 7 m 6 l()i 5 19i 

H 108 3 2 20 8 11 7 12 6 13 
4i II4 4 0 15 9 Hi 8 10 1 7 9 

H 121 4 2 11 10 11 9 ! 8 4 

5 127 6 0 15 11 13 10 7 1 9 11 
140 6 0 23 13 19 12 8 10 17 

6 152 7 1 12 16 9 j 14 12 12 15 
6i 165 8 2 18 19 3 17 0 14 17 

7 178 10 0 4 22 1 19 12 17 3 
8 203 13 0 12 28 7 25 4 22 1 
9 229 16 2 6 1 35 9 31 10 27 11 

10 254 20 1 24 43 9 ! 38 12 33 15 

11 279 24 3 0 52 4 46 8 40 12 
12 305 29 1 20 61 18 55 0 48 2 
13 i 330 34 2 7 72 6 1 64 4 56 3 
14 356 40 0 9 83 5 1 74 0 64 16 
16 381 45 3 26 95 13 1 85 0 74 7 
16 406 52 1 10 108 11 96 10 84 9 
17 1 432 59 0 10 122 1 ! 108 10 94 19 
18 1 467 66 0 24 136 14 121 10 106 6 

Weights include an allowance of approximately 2| per cent, for 
wrappers. 1 fathom = 6 feet. 1 ton = 2240 lb. 

« Extracted from B.S. 431 : 1946. 
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Steel Wire Ropes. 
Minimum Diameters of Barrels and Sheaves. 

{British Mopes Ltd., Gharltm, 8.E. 7.) 

Rope 
Circum¬ 
ference 

Diameters of Barrels and Sheaves (Inches). 

Constructions. 

(Indies). 
6x12 6x19 6x24 6x37 6x61 

1 6 7 6 51 
H 71 9 71 61 

li 9 11 9 8 
lOi 13 10} 9 

2 12 15 12 10} 
2i 13i 16} 13} 12 

15 18 15 13 I’oi 
2i 16i 20 16} 141 111 
3 18 22 18 16 121 
3i 20 24 20 17 13} 

H 21 251 21 18} 141 
31 22i 27} 22} 20 15} 
4 24 29 24 21 16} 
41 26 31 26 22} 17} 
41 27 33 27 23} 18} 
41 28} 35 28} 25 19} 
5 30 36} 30 26 20} 
51 32 38} 32 27} 22 
51 33 40} 33 29 23 
51 35 42 35 30 24 
6 36} 44 36} 31} 25 

To convert mohes into millimetres multiply by 26*4. 
The above table should only be taken as a guide, as hard and 

fast figures cannot be stated, but depend on local conditions. 
The recommendations cover speeds up to 120 feet per minute. 

Descriptions of Steel Wire Ropes. 

Tensile Breaking 
Strength. Trade Description. 

Tons per Sq. In. 
80-90 
90-100 

100-110 
110-120 
116-125 

Best patent steel. 
Special immoved patent steel. 
Best plough steel. 
Special improved plough steel. 
Extra special improved plough steel. 
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BritiBh Standard Steel Wire Ropes.* 
6 X 6, 6 X 7, 0 X 6, and 6x7 Constructions. 

Weight.t Aetna! Breaking Load. 

Oiroum- 
ferenoe. Per 

100 Ft. 
Per 

Metre. 

80-90 
Tons/ 
Sq. In. 

90-100 
Tons/ 
Sq. In. 

100-110 
Tons/ 
Sq. In. 

110-120 
Tons/ 
Sq. In. 

115-126 
Tons/ 

Sq. In. 

Inches. Lbs. Kg. Tons. Tons. Tons. Tons. Tons. 
i 9 •134 1-9 21 2-4 2-5 2-6 
i 12 •178 2*5 2-8 3-2 3-4 3-6 

1 19 •283 3*3 3-8 4-2 4-5 4-7 
H 24 •357 4-2 4-6 51 5-5 5-8 

u 27 •402 50 5-6 6-2 6-7 71 

H 34 •506 6-2 6*9 7-7 8*4 8*8 
4 40 ■595 7-3 81 90 9-9 10-3 
If 47 •699 8-4 9-4 10-5 11*4 11-9 
If 54 •804 100 IM 12-3 13-5 141 
H 60 •893 11 3 12*7 140 16-3 16*9 

2 72 107 130 14-6 16-2 17-7 18-5 
80 119 14-6 16-3 18-0 19-7 20-6 

4 87 1-29 16-2 181 20-0 21-9 22-8 
21 97 1-44 18-3 20-4 22*6 24-8 25-8 

2i 107 1-59 201 22-5 24-8 27-2 28-4 
21 120 1-79 22-5 25-1 27-7 30-3 31-6 
2i 132 1-96 24-9 27-8 30-7 33-7 351 
2J 140 2-08 26-5 29-6 32-7 35-8 37*4 

3 154 2-29 291 32*6 360 39-4 41-2 
H 168 2-50 31-3 350 38-7 42-4 44-3 
3i 184 2-74 34-3 38-2 42-3 46-4 48-3 
3| 196 2-92 36-7 410 45-3 49-6 51-8 

3i 217 3-23 39*8 44-5 49-3 53-9 56-3 
3| 232 3-45 431 48-1 53-2 58-3 60-9 
H 247 3-68 45-8 51-2 56-7 620 64-7 
3i 262 3-90 48-6 54-3 601 65-8 68*7 

4 275 4-09 61*6 67-6 63-7 69-7 72-7 
4* 297 4-42 553 61-7 68-2 74*8 780 
H 308 4-58 58-3 65-2 721 78-9 82-4 

336 6-00 61-6 68-7 76-9 83-2 86-8 

350 5*21 06-6 73-2 810 88-7 92-5 
4{ 364 6-42 68-9 770 85-1 93-2 97-3 
4i 392 5-83 731 81-7 90-4 990 103*3 
4i 406 604 76-6 85-7 94-8 103-7 108*3 
5 420 6-26 80-3 89-8 99-2 108-6 113*4 

• iSxtraoted from B.S. 330 : 1941. t If wire main core add 
Certain restariotionB made in October 1941 are not indicated above. 
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British Standard Steel Wire Crane Bopes.* 
6 X 19 Construction. 

Oiroum- 
ierence. 

Api)rox. W eight. Actual Breaking Load. 

Per 
Fathom. 

Per 
100 Ft. 

Per 
Metre. 

80-90 
Tona/ 
Sq. In. 

90-100 
Tons/ 
Sq. Li. 

100-110 
Tons/ 
Sq. In. 

110-120 
q"ons/ 
Sq. In. 

In. Lb. Lb. Kg. Tons. Tons. Tons. Tons. 

1 1 08 18 0-268 2-8 3-0 3-4 3-7 

U 1-26 21 0-312 3-3 3-7 4-1 4-4 

n 1-50 25 0-372 4-3 4-7 5-2 5-8 

H 1*80 30 0-446 4-9 5-5 6-1 6-6 

H 216 36 0-536 6-0 6-7 7-4 8-2 

n 2-58 43 0-640 7-2 8-1 9-0 9-9 

li 300 50 0-744 8-1 9-1 10-1 11-0 

2 3-96 66 0-982 11-1 12-4 13-7 15-0 
2| 4-44 74 1-10 12-1 13-6 15-0 16-5 
21 504 84 1-25 13-9 15-6 17-2 18-8 

2| 5-.')2 92 1-37 15-7 17-6 19-4 21-3 
2i 612 102 1-52 17-0 19-1 21-1 23-1 
2i 7-38 123 1-83 20-5 22-9 25-3 27-7 

3 9-24 154 2-29 25-8 28-9 31-9 34-9 
3i 10-08 168 2-50 27-5 30-7 33-9 37-2 
31 11-04 184 2-74 30-0 33-6 37-1 40-6 
3i 11-76 196 2-92 32-7 36-6 40-4 44-3 

3i 13-02 217 3-23 35-5 i 39-6 43-8 48-0 
31 14-82 247 3-68 40-4 45-1 49-9 54-6 
3J 15-72 262 3-90 43-5 48-6 53-7 58-8 
4 16-50 275 4-09 45-6 50-9 56-3 61-7 
41 18-48 308 4-58 51-1 57-1 631 69-1 
4f 20-16 336 5-00 54-6 61-0 67-4 73-8 
4i 21-00 350 5-21 58-1 65-0 71-8 78-7 
41 23-52 1 392 5-83 64-3 71-9 79-5 87-1 
5 25-20 420 6-25 70-9 79-2 87-6 95-9 
H 26-88 448 6-67 75-0 83-7 92-6 1 101-4 
61 28-56 476 709 79-1 88-5 97-7 1 107-1 
5i 31-38 523 7-79 86-4 96-5 106-7 116-8 
61 34-44 574 8-54 93-9 104-9 116-0 127-0 
6 37-56 626 9-32 103-3 115-5 127-7 139-8 
61 40-32 672 10-00 111-6 124-7 137-8 150-9 
61 43-68 728 10-84 120-1 134-3 148-4 162-6 

• Extracted from B.S. 302 : 1938. Certain restrictions made in November 
1941 are not indicated above. 
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STRESS DIAGRAMS FOR BRACED STRUCTURES. 

The asBiunptions which axe usually made in determining the 
stresses in tiie members of a braced structure are: (1) that the 
members are connected together at their ends by pin joints ; 
(2) that the various loads are placed at the joints. If a bar 
carries a load uniformly distributed over its length, this load is 
divided into two equal parts, and one part is placed at each end 
of the bar. If a bar carries a load concentrated at a point 
between its ends, this load is divided into two parts, which are 
to one another as the distances of the load from the ends of the 
bar; these parts are then placed one at each end of the bar, the 
greater part being at that end of the bar which is nearest to the 
original load. 

The General Method of Drawing Stress Diagrams for Braced 
Structures is illustrated by the diagrams below, which show the 
method applied to a simple triangular frame loaded at the 

corners, mno Fig. (1) is the frame, and A /?, BC^ and CA are the 
loads acting at its corners. Fig. (2) is the polygon of forces for 
the loads, and may be called the load diagram or load polygon. 
If the external forces acting on the frame are parallel, the load 
polygon becomes a straight line. 
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Figs. (3), (4), and (5) are the polygons of forces acting at the 
points w, n, and o respectively. Fig. (6) shows the polygons of 
Figs. (2), (3), (4), and (5) combined in one diagram, which is 
called the stress diagram or force diagram for the loaded frame 
shown in Fig. (1). The complete stress diagram Fig. (6) may 
be drawn without first drawing the separate diagrams, but 
Figs. (2), (3), (4), and (6) are drawn here to make the construc¬ 
tion of Fig. (6) quite clear. 

To determine whether a particular bar in a structure is in tension 
(W* compression. —Examine the polygon of forces for one end of 
the bar. If this polygon shows that the force in the bar acts 
towards the end which is being considered, then the bar is in 
compression ; and if the force acts in the opposite direction, the 
bar is in tension. 

It is usual to show bars which are in compression by thick 
lines on the frame diagram, while those which are in tension 
are indicated by thin lines. 

Examples of Stress Diagrams for Roof Trusses. 
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Examples of Stress Diagrams for Roof Trusses. 

being syinmetrical about the centre line of the truss, the re¬ 
actions HJ and JJL^ at the points of support, must be equal, 
therefore j is at the middle point of ah. Now draw the polygon 
of forces ahkja for the point ABKJA. Next add the lines to 
complete the polygon hdk\ which is the polygon of forces for 
the point BCLKB. Proceeding next to the point CDMLG^ 
the polygon cdmte is completed. The next point to be con¬ 
sidered is the point LMISJKL, and the polygon Irmjkl is com¬ 
pleted. This completes the stress diagram for one half of the 
truss, and the diagram for the other half may be drawn in the 
same way. 

When a truss is loaded symmetrically, it is only necessary to 
determine the stresses in the bars of one half of the truss, 
because the stresses in the corresponding bars of the other hall 
vill be the same. 





In the two examples above the trusses are supposed to be 
symmetrical and symmetrically loaded, and only a little more 
than one half of the truss is considered in each case. 

Approximate Weight of Roof Trusses. 

The following formula for the approximate weight of wrought- 
iron roof trusses is given by Merriman in his “ Roofs and 
Bridges ” 

to=total weight of one truss in lbs. 
i=g5an in feet. 
a» distance between adjacent trusses. 
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Approximate Weight of Roof Coverings. 

In lbs. per square foot of roof surface. 

Felt and asphalt . . 1 to 3 
Corrugated iron . . 2 to 
Sheet iron . . . . I4 to 
Sheet lead . . . . 5 to 8 
Sheet zinc . . . . 1 to 2 
Wood boards 1 inch 
thick.3 to 4 

Wood shingles . . 2 to 3 
Tiles.10 to 25 
Slates.6 to 10 
Purlins, wood . . 1 to 3 
Purlins, iron ... 2 to 4 
Kafters . . . . 1^ to 3 

Allowance for Weight of Snow on Roofs. 
In England it is usual to allow 6 lbs. per square foot of area 

covered for the weight of snow. 
In the United States the allowance varies from 10 lbs. to 

30 lbs. per square foot of area covered. 

Inclinations of Roofs. 

1 
F 

Pitch of roof =rise-^span. 
1 
T 

1 
T 

1 
¥ 

1 
a 

2 
If 

8 
T 

Inclination of roof to horizontal in degrees. 

18-4 21*8 26-6 33*7 45 63-1 56*3 68 

The minimum slope of a roof depends on the nature of the 
covering, and is about 4° for sheet lead, sheet zinc, or corru¬ 
gated iron. For slates or tiles the minimum slope is from 22® 
to 27®. 

Pressure of Wind. 
The pressure of the wind on a convex cylindrical surface, the 

direction of the wind being at right angles to the axis of the 
cylinder, is about half the pressure on a plane rectangular 
surface whose length and width equal the length and diameter 
respectively of the cylinder. 

F= velocity of wind in miles per hour. 
P=pressure of wind, in lbs. per square foot, on a plane 

surface at right angles to the direction of the wind. 

200 

The above formula also gives the resistance to the motion of 
a plane surface through the air, the surface being at right 
angles to the direction of motion. 
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Velocity of Wind. Pressure in 
Lbs. per 
Square 
Foot. 

Description of Wind. Miles per 
Hour. 

Feet per 
Minute. 

Feet per 
Second. 

5 
10 
15 
20 
30 
40 
50 
60 
70 
80 
90 

100 

440 
880 

1320 
1760 
2640 
3520 
4400 
5280 
6160 
7040 
7920 
8800 

7*33 
14-67 
22 
29-33 
44 
58-67 
73-33 , 
88 

102-67 
117-33 
132 
146-67 

1 -125 
-5 

1-125 
2 
4-5 
8 

12-5 
18 
24-5 
32 
40-5 
50 

Gentle breeze, 

j Moderate breeze. 

Strong breeze. 
High wind. 
Heavy gale. 
Storm. 

1 Violent storm, 

1 Hurricane. 

Normal Pressure of Wind on an Oblique Plane Surface. 

pressure of wind on a plane at right angles to the direc¬ 
tion of the wind, in lbs. per square foot, 

normal pressure of wind on a plane surface inclined to the 
direction of the wind at an angle 6 degrees, in lbs. per 
square foot. 

^ = (sin (Hutton’s formula.) 

log^=(1 -84 cos ^ -1 )log sin 6, 

Angle 6 in 
Degrees. 

P 
P 

Values of p when P= | 

30 40 60 66 

5 •131 3-93 6-24 6-55 7-34 
10 •241 7-23 9-64 12-05 13-60 
15 •350 10-60 14-00 17-60 19-60 
20 •457 13-71 18-28 22-86 26-59 

25 •663 16-89 22-52 28-15 31-63 
30 •663 19-89 26-62 33-15 37-13 
35 -764 22-62 30-16 37-70 42-22 
40 •834 26-02 33-36 41-70 46-70 

45 •901 27-03 36-04 45-06 1 60-46 
50 •952 28-56 38-08 47-60 I 63-31 
60 1-012 30-36 40-48 60-60 1 66-67 
70 1-023 30-69 40-92 61-16 67-29 
80 1-010 30-30 40-40 60-60 ! 66-66 

When ^=90". 
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The following formulae are sometimes preferred to Hutton’s:— 

p 2sm^ ^ - 
P^T+siT^d' (Huchemins formula.) 

t Gerlacli’s formula.) 
Jr 4 + TT sm 0 ® 

Stresses Due to Wind Pressure on a Hoof Truss. 

The direction of the wind may be assumed to be horizontal, 
and its pressure on a plane at right angles to its direction may 
be taken at fiO lbs. per square foot. The inclination of the roof 
being known, the normal pressure of the wind on it may be 
determined by one of the formulse in the preceding article. 
The wind is assumed to act on one side of the roof only at one 
time. The total load due to the wind pressure is divided up 
into parts, which are placed at the joints, as explained on p. 273, 
for a distributed load. 

The upper figures on page 281 show the stress diagrams for 
a roof truss (1) when the wind acts on the right-hand side, and 
(2) when the wind acts on the left-hand side. In this example 
the truss is supposed to be fixed at the right-hand end, and sup¬ 
ported on friction rollers, or attached to the top oi a long column 
at the left-hand end. The reaction at the left-hand end must 
therefore be vertical, and the line of the reaction at the other 
end must pass through the point where the resultant of the 
wind pressure cuts the line of the reaction at the left-hand end. 

The directions of the reactions having been fixed, the load 
polygon abcde can be drawn, and upon this the stress diagram 
IS built, as in previous examples. It will be noticed that the 
wind pressure causes no stress in the bar HK. 

In the example shown by the lower figures on p. 281 the truss 
is supposed to be fixed at both ends, and the reactions are 
assumed to be parallel to the normal wind pressure. The 
magnitudes of the reactions are determined by the rules for 
parallel forces, or by the principle of moments. In this case it 
is only necessary to draw the stress diagram for the wind on 
one side, because the diagram for the wind on the other side 
will be similar to the first, but reversed. 
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Maximum Stresses.—The maximum stress in any member of 
a truss is obtained by adding the greatest stress due to the wind 
pressure to the stress due to the dead 
load. (The dead load includes the 
weight of the truss, the weight of the 
roof covering, and an allowance for 
the weight of snow.) For conveni¬ 
ence the stresses are tabulated, as in 
the following example (+ denotes compression, and ~ denotes 
tension):— 

Member 
Dead 
Load 

W. 

Wind on 
Ri^ht 

Wind on 
Left. 

Q 
Maximum Stress. 

1 + 6760 + 3230 + 4670 + W+Q + 11330 
2 + 4370 + 3230 + 2600 + W+P + 7600 
3 -1880 -1420 -1420 - W-P - 3300 
4 , + 2190 1 none + 3300 + W+Q + 5490 
6 -6940 -2200 -5190 -W-Q -11130 

Examples of Stress Biagrams for Bridge Trusses. 

The adjacent figure shows the 
stress diagram for a Warren gvr^ 
der or liaZf-lattice girder carrying 
a single load AB concentrated 

^ at one of the joints in the top 
boom. 

The reactions BC and CA 
(equal to he and ca respectively) 
are first determined either by 
taking moments, or by the 
graphic method explained on 
p. 286. The stress diagram is 
then built up on he and ca, 
starting with the forces acting 
at one of the points of support. 
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The left-hand figure below shows the stress diagram for a 
Warren girder when loaded equally at the intermediate joints 
of the bottom boom, and the right-hand figure shows the stress 
diagram for the same kind of girder when loaded equally at 
the joints of the top boom. 

Lattice Girders.—If two elementary braced girders (Figs. 1 
and 2, p. 284) be placed side by side and joined together, a lattice 
girder (Fig. 3) is obtained. The stresses in the bars of the 
elementary girders are determined by means of the stress 
diagrams shown. When the elementary girders are put to¬ 
gether to form the compound girder, if any bar of the one 
coincides with a bar of the other, the stress in the compound 
bar so formed is equal to the algebraical sum of the stresses 
in the bars of the elementary girders of which it is made up, 
and the stresses in those bars of the elementary girders which 
remain distinct in the compound girder will be unaltered. A 
lattice prder which is made up of more than two elementary 
girders is treated in a similar manner. 



■» 9 

i-li 3, 

Note.—Bars shown hy dotted lines are not subjected to stress with the 
assumed manner of loading. 

Approximate Weight of Bridges. 
The following formula is given in Unwin’s “ Iron Bridges and 

Ci-Vr 

Roofs 

1^= total external distributed weight in tons (exclusive of 
girder). 

w=weight of girder itself in tons, 
clear span in feet. 

«=average stress in tons per square inch of the gross section 
of the booms, at the centre, usually 4. 

r=: ratio of span to depth. 
(7= a coefficient depending on the description of girder. 
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Values of C in Different Bridges. 

Conway, tubular . . 1700 Cannon Street, box girder 1540 
Britannia ,, . . 1461 „ „ plate girder 1598 
Torksey ,, . . 1197 Charing Cross, lattice . 1880 
Crumlin, Warren . . 1820 Lough Ken, bowstring . 1490 

For small plate girders, 30 feet to 60 feet span C—1500. 

For Highway Bridges, Merriman, in his “Roofs and Bridges,” 
gives the following formula :— 

j^)=140 f 126-t 0-26/- 0-4^. 

w — weight of bridge in lbs. per linear foot. 
Z = span in feet. 
6 = width in feet. 

For Jiailway BHdges of less than 1(K) feet span, Merriman gives 
the formula3:— 

w= 5604- 5*6Z, for single track. 
10704-10*7Z, for double track. 

= total dead load of bridge in lbs. per linear foot. 
I=span in feet. 

Method of Sections.—Suppose that a braced structure is cut 
transversely into two parts by a plane XT, the plane cutting 
three bars a, b, and c. Next suppose that one part is removed, 
and that external forces P, Q, and S are applied to the bars 
a, h, and c respectively, so as to keep the remaining part of the 
structure in equilibrium. 

since the external forces are in equilibrium, hence the stress in 
the bar c is determined. 

Then, in like manner, by taking moments about another point 
in the bar 6, the force P is determined. Lastly, taking in like 
manner moments about a third point, the force Q is determined 
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Shearing Force and Bending Moment Biagraxns. 

The illustration shows a horizontal beam carrying three 
vertical loads AB, BC, and CD, the 
reactions at the supports being DE 
and EA, 

Shearing Force Diagram.—Draw 
ad, the line of loads. Through the 
points a, h, c, d, and e draw hori¬ 
zontals across the spaces lettered 
A, By C, By and E respectively. 
The shearing force at any section 
E is equal to measured with the 
force scale. 

Bending Moment Diagram. — 
Select a point o. Join oa, oh, oc, 
and od. Across the space A draw 
12 parallel to oa, across the space 
B draw 23 parallel to ob, across the 
space C draw 34 parallel to oc, and 

across the sf)aoe D draw 45 parallel to od. The closing line 15 
across the space E will be parallel to oe. {Note.—This construc¬ 
tion may be used for finding the point c, and therefore the 
magnitudes of the reactions J)E and EA.) The bending moment 
at any section S is equal to ran (measured with the force scale) 
multiplied by the perpendicular oH on the line of loads 
(measured with the linear scale). Hence mn, measured with 
a suitable scale, measures the bending moment at S. 
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PB0PERTIE8 OP BOLLEB STEEL SECTIONS. 

The tables on pp. 288-321 are reproduced with the kind per¬ 
mission of Messrs. Dorman, Long & Co., Ltd., Middlesbrough, 
from their Handbook for Constructional Engineers, and with the 
consent of the British Standards Institution. 

Dimensions and Properties 

Complete tables are given of dimensions and properties of the 
various sections illustrated, dimensions being in inches and 
properties in inch units. 

The areas and properties have been carefully calculated on 
correct profiles and full sections without holing. In the case of 
beams, however, the net moment of inertia is also given. All 
fillets, rounded corners, taper of flanges, etc., have been taken 
into consideration. In the tables of properties of channels the 
sections marked with an asterisk are obtained by lifting the rolls. 
In the tables of unequal and equal angles the sections printed in 
Roman figures are the standards with true profiles, and the sections 
printed in italics are obtained by adjusting the rolls. 

Least Radii of Gyration. 

The least radii of gyration have been determined for all 
sections, and will be found in the tables, the values being given 
in inches. 

In sections such as beams, channels, tees, and equal angles, 
which have an axis of symmetry, this radius is either about that 
axis or one at right angles to it. In the case of unequal angles, 
having no axis of symmetry, the position of the axis, about which 
the radius is least, has been calculated and is given in the tables; 
this axis is shown in the diagrams as **Minor Axis” and is the 
“Major Axis” of the “Elhpse of Inertia,” or axis F-F in the 
case of unequal angles. 
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DORMAN, LONG & CO., L! ITED 

BEAMS 

Dimensions and Properties 

Note.—One hole Is deducted from each flange In 
calculating the Nett Moment of inertia about X-X. 

Moment! of inertia cf Gyratior | Section Moduli 

24 X 7i 27 94 

22 x 7 22-06 

20x7^ 26-19 

20x61 19-12 

18 X 8 23-53 

18 X 7 22-09 

18x6 i6i8 

16 X 8 22-06 973-91 

■ 18-21 725-05 

14- 71 618-09 

6 I 13-24 491-91 

12- 36 428-49 

8 20-59 

16-78 

13- 59 

10-30 

19-12 

15- 89 

13-00 
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DORMAN, LONG & CO., LIMITED 

BEAMS 

Dimensions and Properties 

SIxe 
ltefer«nce A x B 

Mark fn<. 

BSB 120 10 X 8 

119 10x6 

118 10x5 

117 \0x^ 

Standard 
Thlcknecset 

Web Fiance! 

t, tj 
Root Too 

r» r* 

Con* I Dia. of 
tre* I rivot 

holM bolt 
C 

IIS 9x4 

114 8x6 

I 
^ I 

I 

♦ 

2i i 

•25 12 
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DORMAN, LONG & CO., LIMITED 

Moments of Inertia 

sq. About x-x About About About Aboul 
ins 

Max. Nett 
Y.Y X-X Y-Y X-X 

16 18 288 69 259- 5474 4-22 1 84 57-74 

II 77 204^80 181* 21*76 4-17 1-36 40-96 

8 85 146*23 122* 973 4-06 1-05 29 25 

7-35 122 34 6-49 4-08 •94 24 47 

1471 208'I3 40* 17 3-76 1-65 46-25 

616 81*13 4-15 3*62 •82 18-03 

10 30 11506 19-54 3-34 
1 

1-38 28-76 

8-28 89*69 10 19 3-29 l-il 22-42 

5-30 55*63 3-51 3-24 •81 13-91, 

475 39 51 3-37 2 89 •84 11*29 

7-37 43-69 9*10 2-44 Ml 14-W 

5-89 3471 5*40 2-43 •96 1157 

353 20-99 1*46 2*44 •64 

5-88 25 03 6-59 2-06 1-06 10-01 

3<26 13*68 1-45 2*05 •67 5-47 

1-91 6*73 •26 1*88 •37 2-83 

2-94 7*79 1*33 (•63 -i67^ 

M7 3*66 •19 r-ss •36 1-83 

252 3*81 1*25 1-23 •70 2-54 

M8 f*66 •13 M9 •33 Ml 



292 PEOPEETIES OP EOLLBD STEEL SECTIONS 



FBOrEBTIBS OF ROLLED STEEL 8E0T10B8 293 

D-JRMAN, LONG & CO.. LIMITED 

SPECIAL BEAMS 

Dimensions and Properties ^ 

Note.—One hole is deducted from each flange m 
calculating the Nett foments of Inertia. 1 

Six* Area 
A X B tq. 

Momenti of Inertia I Radii of Gyratio 

/bout I About About 
ine. ins. 

\x7i 29-4 

1X6 17-35 

1X5 11-62 

lx Si 11-77 

1X5 11-47 

8827 

20-6 

X6 1215 2MS 

X 7 17-06 229-5 

4*416 35-90 

5-29 22-69 

2-647 10-91 

2-794 7-52 

10-60 5-86 

14-79 5-66 

226- 12*16 4-77 

m 8-77 4-84 

' 71-67 4-09 

22-95 4-13 

46-3 3-66 

2-408 2-85 

5-664 2-07 

•789 2-03 

i-28i 1-64 
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DORMAN. LONG & CO., LIMITED 

CHANNELS 

Dimensions and Properties 

Siz* Area Oim«n< 
A \ B square lion 
inches inches P 

About 
X-X 

About 
Y-Y 

569 31 16 96 

520-18 15-26 

382-85 14-97 

349 10 13-34 

270-66 14-51 

66-98 5-28 

61 20 4-96 

5105 471 

46 55 4 40 

41 64 4-64 

37 98 4-31 

36 47 4-44 
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DORMAN. LONG & CO.. LIMITED 

CHANNELS 

Dimensions and Properties 

Sixo 
A X B 
inchos 

Area 
square 
inches 

8x3{ 6-82 

8x3} 5*94 

8x3 5-49 

8 X 3 4 69 

7 x3} £•94 

7 X 3} 5-38 

7 X 3 502 

7x3 4-18 

6x3} 5-45 

6x3} 4-85 

6x3 5* 16 

6x3 4‘86 

6x3 401 

6x3 3-65 

5x2} 3-3 i 

5x2} 30i 

4x2 2-33 

4x2 2-09 

3 X 1} ISO 

Jj< 1} 1-35 

Moments of 
Inertia 

Radii of 
Gyration 

About 
X-X 

About 
Y-Y 

About 
X-X 

About 
Y-Y 

65-27 7-30 3-09 1-03 

60-57 6-37 3-19 1-04 

50-99 4-il 3-05 •87 

46-72 3-58 3-16 •87 

45-i 2 6-48 2-76 1-05 

42-83 5-83 2-82 1-04 

36-18 3-87 2-68 -88 

32-75 3-26 2-80 •88 

30-68 6-05 2-37 1-05 

28-88 5-29 2-44 1-05 

27-18 3-95 2-^30 •86 

26-28 3-70 2-33 •87 

22-35 3-iO 236 •88 

21-27 2-83 2-41 •88 

12-50 1-82 1-94 •74 

M-87 i-64 i-99 •74 

5-38 •79 )S2 58 

S-06 -70 I-S6 •58 

1*94 •30 1-14 •44 

1-82 •26 116 •44 

Section Moduli 
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DORMAN. LONG & CO.. LIMITED 

SPECIAL CHANNELS 

Dimensions and Properties 

Reference I A x B 
Mark I inches 

DLC 3a 

DLC 3b 

Back 
Mark I of 

iween I for I Rivet 
fillet I Holes 

D C I Bolt 
ti ti r. 

41-94 •53 •63 92° •63 •44 12-40 

25-25 •35 •50 95 •54 •27 9-74 

29 82 •58 92 •58 •40 6-61 

30-16 •48 •58 It •58 •40 7-60 

18 86 •31 •31 It •60 •20 8-09 

19-30 •38 •50 .. •50 •35 5-94 

9-75 •23 •33 H •33 •23 5-64 

14-49 •31 •44 I. •44 •30 4-18 

16 08 •44 •50 II •50 •35 3-07 

10-98 •31 •38 .. •38 •26 3-43 

13-48 •63 •63 95 •44 •13 2-36 

14-20 •38 •50 92 •50 •35 1-94 

11-89 •38 •38 " •38 •26 2-41 

10-66 •38 •38 
i 
I 95 
1 

•38 •22 2-36 

7-96 •25 •38 92 

CD 
ro '26 2-45 

6-75 •25 •31 II •31 •22 2-22 

5-27 •25 •31 ti •3i •22 1-74 

414 •31 •31 II •25 •20 1-37 

I 



PEOPBRTIBS OF ROLLED STEEL SECTIONS 299 

DORMAN. LONG & CO.. LIMITED 

SPECIAL CHANNELS 

Dimensions and Properties 

Sire 
A y B 
inchea 

Area 
■quar* 
inchu 

Olmen- 
•Ion 

P 

Moment* of 
Inertia 

About About 
X-X Y-Y 

IS xA 12-33 •94 37700 14 55 

12 x3i 7-43 •85 156 39 707 

II x^ 8-77 •90 14861 8-42 

10 xA 8-87 IHni«S 130-72 1202 

10 xA S-55 •93 82 58 ! 7-14 

8 X3 5-68 •84 i 53-43 4-33 

7 X2i 2-86 •55 2048 1-07 

6 x3 4-26 •94 2401 3-50 

5ix2J 4-73 •92 18 13 3-39 

S x2\ 3-23 76 1213 1 77 

4ixli 3-96 •48 904 •55 

4 x3 4-18 108 10 15 3-43 

A x3 3-50 •99 8-54 284 

4 x2i 3 14 •77 7-34 1-78 

4 x2 2-34 •66 5-71 •84 

3ix2 1-99 •65 3-70 •71 

3x4 1-55 •48 1*99 •30 

1-22 •33 •93 •09 

1-37 i -60 
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PEOPEETIES OP ROLLED STEEL SECTIONS 301 

DORMAN. LONG & CO., I'MITED 

UNEQUAL ANQLES 

Dimensions and Properties 
‘s [^Centre of firtvlty 

t ^->1 '''■‘'Minor Axis 
Y 

SIxe and 
Thicknass 
A X B X t 

Momant of Inertia 
About 

_ Minimum 
Radii of Gyration Saetion 

About Moduli 

About 

X-X Y-Y U-U V-V X-X Y-Y U-U V-V X-X Y-Y 

Xrf xi 86 13 10-60 89-48 7-25 2-85 1-00 2-90 -83 15-47 3-47 
9 X4 xji SO-86 9-90 84-06 6-79 2-86 1-00 2-91 -S3 14-46 3-25 
9 x4 x} 75-45 9 37 78-49 6-33 2-87 101 2-92 -83 13-43 3-02 
9^X4 xU 69-91 8-73 72-78 5-86 2-87 1-02 2-93 -83 12 39 2-79 
9 x4 x( 64-23 8-06 69-91 5-3S 2-88 1-02 2-94 -83 11-33 2-56 
9 X4 xA 58-42 7-37 60-88 4-90 2-89 1-03 2-95 -84 10-25 2-32 
9 x4 x4 52-46 6-65 54-70 4-41 2-90 1-03 2-96 -84 9-16 2-08 

8 x6 xl 71-49 34-29 87-16 18-63 2-49 
8 x6 xjj 67-10 32-24 81-90 17-44 2-50 
8 X6 Xi 62-60 30-14 76-49 16-24 2-51 
8 X6 XU 57-99 27-97 70-93 15-03 2-52 
8 X6 x( 53-27 25 74 65-21 13-80 2-62 
8 X6 X^ 48-43 23-44 59-33 12-54 2-53 
8 x6 Xi 43-47 21-08 53-28 H-26 2-54 

1-73 2-75 1-27 13-22 7-79 
1-73 2-76 1-28 12-35 7-28 
1-74 2-77 1-28 11-47 6-77 
1-75 2-78 1-28 10-58 6-25 
1-75 2-79 1-28 9-67 5 72 
1-76 2 80 1-29 8 75 5-18 
1-77 2-81 1-29 7-82 4-63 

8 X4 x$ 54-36 9-14 57-52 5-98 2-54 1-04 2-61 -84 10-73 2-99 
S X4 x-ti 50-42 8-52 53-40 5-54 2-55 1-05 2 02 -84 9-90 2-77 
8 x4 x| 46-37 7-87 49-15 5-10 2-55 1-05 2-63 -85 9-06 2-54 
8 X4 42-22 7-20 44-78 4-64 2-56 1-06 2-64 -85 8-21 2-30 
8 x4 xi 37-95 6-50 40-28 4-18 2-57 1-06 2-6$ -85 7-34 2-06 

8 X3ixi 44-24 5-28 45-95 3-57 2-55 
6 X3ixf, 40 30 4-84 41-88 3-25 2-56 
8 xSixi 36-24 4-38 37-69 2-93 2-57 
8 X3|x* 32-08 3-89 33-38 2-59 2-57 
8 xJjxJ 27-79 3-39 28-93 2-25 2-58 

-72 8-85 2-93 
-73 8-02 1-75 
•73 7-17 1-57 
•73 6-31 1-39 
-73 5-44 1-20 

7 X4 x| 37-42 8-86 40-72 5-57 2-21 1-07 2-30 -85 8-30 2-95 -32 
7 Xrf xiJ 34-75 8-26 37-86 5-16 2-21 1-08 2-31 -85 7-67 2-73 -32 
y X4 x| 32-00 7-64 34-90 4-74 2-22 1-09 2*31 -86 7-02 2-SI -33 
7 X4 X* 29-17 7-00 31-85 4-32 2-23 1-09 2-33 -86 6-37 2-28 -33 

4 xf 26-26 6-33 28-69 3-89 2-24 l-IO 2-34 -86 5-70 2-04 -33 



302 PEOPBBTIES OP ROLLED STEEL SECTIONS 

DORMAN, LONG & CO., LIMITED 

TIT” 
UNEQUAL ANGLES 

Dimensions and Properties 

Reference 
Mark 

Size and 
Thickness 
AxB t 

Weight 
per foot I 

lbs. I 

BSUA 118 
M 118 
.. 118 

118 
.. 118 

Xg 
7xJjx 
7x3iv^ 
7x3ivT^ 

7x5i X ^ 

BSUA 117 
M il7 

Cxi x| 
6\4 X Ji 
6 \ 4 > i 
G\4 y ^ 
6a4 xi 
0x4 y 
6x4 

BSUA 116 
! 116 
! .. 116 

I. 116 
I. 116 
t. 116 

6x3lx^ 
6X3\X 
6x3ixi 
C X X 
6x3ix| 
6‘x3iX 

BSUA il5 
.. 115 

BSUA 114 
h 114 
u 114 
.. 114 
•< 114 

6x3 xl 
6X3 X 
6x3 Xi 
6x3 X iV 
6X3 Xi 
6x3 

6X4 xf 
6X4 X-ft- 
5x4 Xi 
6X4 X^ 
5x4 
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304 FBOFBBTIES OF BOLLED STEEL SECTIONS 

DORMAN. LONG & CO., LIMITED 

UNEQUAL ANGLES 

Dimensions and Properties 

Rafsrcnce 
Mark 

Size and 
Thickness 

B t 

Weight 
Area per foot 

BSUA 113 
.1 113 
M 113 
•I 113 
I. 113 
I. 113 

5 XcliX:! 
5 x3ixSr 
5 x3ixi 
5 x<3|x^ 
5 x3|x| 
5 X 3y X 

BSUA 11 
•I 11 

BSUA 110 
n MO 

BSUA 109 
„ 109 
n 109 
.1 109 
•• 109 

BSUA 108 
H 108 
n 108 
II 108 

d 92 lb 74 
4-47 15’J9 
4 00 13-61 
3 S3 12 00 
3-05 10-37 
2-56 8'71 

BSUA 112 6 X3 x-^f 
112 5 x3 xi 

II 112 J x3 Xfff .1 112 5 x3 x| 
»• 112 5 X3 XtV 

14-23 ‘36 
12-75 
11‘25 
9-73 
8-17 

4\X3 X-^ 
4ix3 xi 
4jX<3 Xi 
-4x3 x| 
4x3 x-ft- 

4 X3Jxt 
4 xSixfs 
4 x3ix-f 
4 X3lx^ 
4 X3^xi 
4 X3ix-,V 

4 X3 x^ 
4 x3 xi 
4 X3 XA 
4 X3 Xf 
4 x3 x-iV 

4 X2^X‘^ 
4 x2|x# 
4 x2|xA 
4 Xlixi 

1‘29 1-04 
1-26 1-01 

1-27 -77 
1-24 -75 



FSOFEBTIES OF BOLLED STEEL SECTIONS 305 



306 PBOFEBTIES OF BOLLED STEEL SECTIONS 

DURMAN. LONG & CO.. LIMITED 

Root Toe 

Ti rg 

BSUA 107 
I. 107 
.. 107 
It 107 
1. 107 I 
.. 107 j 

BSUA 106 
.1 106 
II i06 
II 106 

BSUA 105 ' 
I. 105 
n 105 
.. 105 

BSUA \0A 
,1 104 
ti 104 
I. 104 
I. 104 

BSUA 103 
I. i03 

5 \ X 
3ix3 xi 
3^X3 Xt^ 
3fx3 x| 
3|x3 x-^ 
<3^ x3 xj 

8\x2l X 
^x2^xi 
3| X 2^ X 
3ix2ixi 

3 x2^Xi\ 
3 x24x| 
3 x2{x^ 
3 x2ixi 

3 x2 X 
3 x2 x| 
3 X2 xA 
3 x2 xi 
3 X2 x^ 

2ix2 x| 
2ix2 XtV 

I! 30 ‘32 
10-20 
9 02 I. 
7-81 
6-58 

I 



PBOFSBTIES OF EOLLBD STEEL 8EC5TION8 307 

DORMAN. LONG & CO., LIMITED 

UNEQUAL ANGLES 

Dimensions and Properties 
Centre of 

P >1 ''■'"Miner Axis 

‘ Y vf 

Size and 
Thicknesi 
A X B X t 

Moment of Inertia 
About 

Radii of Gyration 
About 

Minimum 
Section 

X-X Y-Y U-U V-V X-X Y-Y U-U V-V X-X Y-Y 

Ji X <3 X 
3ix3 x\ 
■3} X 5 X A 
31x3 x| 
3}x3 y-T^ 
j|xJ xi 

.3ix2ix-A 
3ix2{x| 

3 74 2-31 
3-40 228 

2-27 1-54 
l'H6 126 

2-8G 1‘20 
2-51 106 
214 -91 
175 74 

1-26 106 
il3 1-06 
I'OI 107 

•88 108 
•75 108 
■61 109 

■6H 1’08 
•59 109 
•51 l-IO 
•41 MO 

■87 1-22 
•87 1-23 
■88 h2i 
•88 1-25 
•89 1-26 
■90 127 

■70 L18 
•71 I•I9 
•71 1-20 
•72 1-20 

■61 ho8 119 -71 
•61 1-43 107 71 
■62 h26 ■93 ‘72 
•62 I 10 -83 72 
•62 -92 >70 -72 
02 -75 -56 72 

■53 123 ‘66 ‘49 
•53 107 -57 -49 
•53 -90 -48 -50 

3 x24x 
3 X24xf 
3 x2|xiV 
3 x2lxr 

1‘84 1‘15 
1-62 102 
1-39 -87 
1-14 -72 

■59 ‘91 
•51 92 

■72 104 
•73 105 
•73 106 
•74 107 

3 x2 xA 
3 x2 xf 
3 x2 xA 
3 x2 xi 
3 x2 x* 

2^X2 xf 
2ix2 xVV 
21x2 xf 
2| X 2 X 

24xUxr 
2lxlix?V 

2 XiixA 

I xllxJt 

171 ‘59 
1-50 -53 
1-29 -45 
106 -38 

■89 -50 
•77 -43 
•63 -36 
•49 -28 

'70 -18 
•58 -IS 

'37 '17 
•31 -IS 

■36 92 
•31 93 
•26 94 
■22 -94 

'll '78 
•09 -78 

■55 ‘99 
•55 100 
•56 I 00 
•56 101 

■57 -85 
•57 86 
•58 -87 
•58 -88 

'40 '82 
•40 82 

'42 '67 
•42 68 
•43 >68 

43 -65 
■43 -52 

■41 '53 
•42 -45 



308 PEOPEBMES OP EOLLED STEEL SECTIONS 

, DORMAN, LONG & CO.. LIMITED 

"T" 
1 
1 - 

M, '90* 
1 

t • 
^ --0— >[ 

SPECIAL UNEQUAL ANGLES 

Oifnensions ami Properties 

BSUA24 7-69 2613 
M 24 ^x4ix| 6-48 2204 
M 24 6^x4ixi 5-25 17-84 
n 24 Hx4ix| 3-98 13-54 

BSUA22 61x3ixJ 6-94 23-59 
M 22 6|x3ixt 5 86 19-92 
„ 22 6ix3ixi 4-75 16-15 

22 ,6ix3ix| 361 12-27 
r 

BSUA19 5ix3ixf 5-24 17-80 
M 19 5^x3^xi 4-25 
.. 19 5Jx5ixf 3'24 
,, 19 B^x^x^^ 2-72 

BSUA 18 5^x3 xf 4-93 
„ 18 Six3 X* 400 
„ 18 5ix3 xi 3-05 

18 5ix3 x-^ 2-56 8-71 

BSUA 14 4ix3ix| 4-61 15-67 

14 4ix3ixi 3-75 12-75 
14 4ix3ixf 2-86 9-72 

». 14 4ix3ix-ft 2-40 8-17 

lixiixi *69 2*34 *21 *13 

UxliX-jV -53 179 

•275 1-90 
.. 1-85 
.. 1*80 
M 1-77 

*39 

■SI I -32 



PBOFEBTIES OP BOLLED STEEL SECTIONS 309 

DORMAN. LONG & CO.. LIMITED 

SPECIAL UNEQUAL ANGLES 

Dimf'.nsions and Properties 
^ \ ^Centre of Gravity 

g-lT? ) 
Lp-J ’'"Mmor Axis 
' r v/ 

Moment of Inertia 
About 

Radii of Gyration 
About 

Minimum 
. Moment of Inertia Radii of Gyration Section 

About About Moduli 
rhickneoe About Tan 

AxUxt i j t i j T j 
X-X Y-Y U-U V.Y X-X Y.Y U-U V-V X-X Y-Y 

31-66 12-32 36-90 7 07 2-03 1-27 f 2-19 -96 7-33 3-72 46 
27-09 10 60 31-67 6-02 204 1-28 2-21 -96 6-20 3-16 -47 

6^x4ixi 22-24 8-75 26-06 4-93 2-06 1-29 2-23 -97 5 03 2-57 -47 
64x4ixf 17-08 6-76 20-04 3-79 2-C7 1-30 2-24 -98 3-82 1-95 -47 

Hx3ixi 28-96 5-84 31-01 3-79 2-04 -92 211 -74 7-03 2-24 -29 

6}x3^x| 24-83 5-06 26-66 3-23 2-06 -93 2-13 -74 5-95 1-90 -29 
6|x3ixi 20-43 4-20 21-90 2-65 2-07 -94 2-15 -75 484 1-55 -30 

frix3ixi 15-73 3-27 16-95 2-05 2-09 -95 2-17 -75 3-68 1-18 -30 

5ix34x| 15-55 4-86 17-49 2-92 1-72 -96 1-83 -75 4-32 1-87 -39 
Six3ixi 12-84 4-05 14-49 2-40 1-74 -98 1-85 -75 3-52 1-53 -40 

9-93 3’15 11-23 183 173 -99 1-S6 -76 2-68 hl7 -49 
SixS^X-iV 8-39 2-68 9-50 i-S7 1-76 -99 1-87 -76 2-25 -98 -40 

5^x3 x| 14-74 3-^ 15-83 1-98 1-73 -79 1-79 -63 4-21 1-37 -29 

5^x3 xi 12-19 2-57 13-14 1-63 1-75 [ -80 1-81 -64 3-41 1-12 -30 
5ix3 x| 9-45 2-02 10-2’ 1-26 1-76 -81 1-83 -64 262 -86 -30 
5^x3 x^ 8-00 1-72 8-6^ 1-07 1-77 82 1-84 -65 2-20 -73 -31 

^ix3^x| 8-81 4-61 10-93 2-48 1-38 1-00 1-54 -73 2-92 1-83 -58 
4^ X 3^x1 7-31 3-84 9-12 2-04 1-40 f-Ol 1-56 -74 2-39 1-50 -59 
4ix3ix| 5-69 3-01 7-12 i-58 1-41 1-03 1-58 -74 1-83 1-15 -59 

4ix3iX-,V 4-82 2-55 6-04 1-33 i-42 1-03 1-59 -75 1-53 -97 -59 

tlxlixi '20 >08 0-23 >05 >53 >34 >58 >26 >17 >09 >48 

lixlixVV *15 -06 0-18 -04 *54 -35 -59 -26 *13 07 -49 



310 PROPERTIES OP ROLLED STEEL SECTIONS 

DORMAN, LONG & CO., LIK>TED 

EQUAL ANGLES 

Dimensions and Properties 

Referents 
Mark 

BSEA 115 
M 115 
.. 115 
.. 115 
.. 115 

115 
IIS 

BSEA 114 
.. 114 

BSEA 113 
1. 113 

BSEA 112 
.. 112 
.. 112 
.. 112 
.. 112 
.. 112 
.. 112 

Sixe and 
Thickness 
A X B X t 

8x8x1 
X (?? X 

8x8xJ 
8x8x \l 
SxQxi 
8x8xn 
8x8x| 

7x7x1 
7x7x\^ 
7x7x1 
7x7x^ 
7x7x| 
rxrx 
7x7x| 
7x7x^ 
7x7xi 

{JxSlx^ 
6'x6xji 
6x6xi 
GxO'x ji 
6x6xf 
0 X 0 X tff 
6x6x^ 
6’ X 6* X 

6x6x| 

5x5x1 
5X5XH i 
SxSxf 
5 X 5 X 
5x5xi 
.SxJXfff 
Sx5y| 

Dimension 
J 
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316 FBOFBBTIES OF BOLLED STBBL SECTIONS 

DORtlAN. LONG & CO.. UNITED 

s' ..I_!_H 
i " : 
|<-B-->! 

SPECIAL EQUAL ANGLES 

Dimensions an«^ Properties 

Radii 

Stze and Area Weight —---- 
Reference Th'ckness sq. per foot I 3imeni' 

Marie A .. B > t inches lbs. Root i Toe j 

DLEA 20 I2x l2xli 28-44 98-69 -84 

„ 20 i2xJ2x2 23-00 78-23 

20 >2xi2xi 20-24 68-80 

fJBSEA 9 2ix2ix} 2-50 8-50 -29 -20 -86 

I. 9 2ix2ixi 1*92 6*54 

9 2|x2|xi 1-31 4-46 



FBOFEBTIES OF BOLLED STEEL SEOTIONS 317 

DORMAN, LONG & CO.. LIMITED 

v\ ^ ^-^>1 
\ i /o 

SPECIAL EQUAL ANGLES - i / 

Dimensions and Properties t (/,\ceBtre of Craviiy 

j_K I, ,.'.rZD 
/I , trMinor Ams 

Size and 
Thickness 

About About About ] About About About | About 
x-x I u-u v.v X.X u-u v-v x-x 

12x12x1^ 381-43 606-48 156-38 3-66 4-62 2-34 44-53 

12x12x1 \313’36 498^88 127-84 3-69 4-66 2-36 30-17 

12x12x1 2777 1 442-23 113-19 3-70 4-67 2-36 31-87 

2ix2ixl 1*64 2-59 70 1 *81 1-02 -53 -87 

2ix2ix| 1-30 2-07 -54 I -82 1*07 

21x2|xi -92 1-46 -38 -84 1-05 
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FBOFEBTIES OF BOLLED STEEL SECTIONS 319 

DORMAN. LONG & CO., LIMITED 

TEES -1- 

Dimensions and Properties 

six* and 
Thicknea* 
Bm Ax t 

6 X6 Xi 

6 x6 xj 

6 x4 x| 

6 x4 xi 

6 x3 x| 

5 x3 

5 X3 xi 

4 X4 X§ 

4 x3 xi 

4 x3 x| 

Radii of Gyration Section Moduli 

About 
X-X 

About 
Y-Y 

About 
X-X 

About 
Y-Y 

i-8i 1-23 5-40 3-62 

1*82 1-22 4-36 2-85 

112 l’36 2-46 3-64 

i-13 1-35 200 '2-88 

•78 1-42 il4 2-89 

•80 1-40 •87 2-13 

1-16 109 1-96 20i 

1-17 107 149 1-48 

•82 116 ill 201 

•83 il4 

O
p 1*49 

1-20 •83 1-90 1-30 

1-21 •81 1-45 •95 

•85 •89 1-08 1-30 

•86 •87 •83 •96 

•90 •62 •80 •54 

•74 •52 •55 0
9

 

1 -75 •50 •38 •24 

•60 •41 •24 •16 

•44 •31 •13 •09 



320 PHOPBBTIBS OF BOLLFD STEEL SEOTIOK8 

DORMAN, LONG & CO., LIMITED 

SPECIAL TEES 

Dimensions and Properties 

Radii 
Size and Area Weight _ Centres Dia. of Dime 

Reference Thickness square per « ^ I t Rivet sior 
Mark BxAxt inches foot Root Toe Holes or Bolt J 

3ix3|xi 

3 x3 x^ 

3 x3 x-j^ 

3 x2ixi 

3 x2ixi 

2ix2ixA 

2ix2ix| 

2ix2ixi 

2 x2 x^ 

2 x2 Xt^ 

2 x4xi 

2 x4xi 

lixliXT^ 

lixljxi 

lixliXT^ 

! Iix2 xA 

1 1^X2 xi 

•53 i I-Si 
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322 WSLBLSSS STEEL TUBBS 

WeldlesB Steel Tubes—iSComents of Inertia. 

Calculated from data supplied by Accles <fe Pollock^ Birmingham, 

From p. 213, ^ — bonding. Values of I in inoh^. 

Thickness. External Diameter in Inches. 

LS.W.G. Inch. 1 8 i 
1 

i 1 H U U 

26 •018 •0008 •0016 •0028 •0045 •0067 •0096 •0132 •0177 
25 •020 •0009 •0017 •0031 •0049 •0074 •0106 •0146 •0195 
24 •022 •0009 •0019 •0033 •0054 •0081 •0116 •0160 •0214 
23 •024 •0010 •0020 •0036 •0058 •0088 •0126 •0174 •0232 
22 •028 •0012 •0023 •0041 •0067 •0101 •0145 •0201 •0269 

21 •032 •0013 •0026 •0047 •0075 •0114 •0164 •0227 •0305 
20 •036 •0014 •0029 •0052 •0084 •0127 •0183 •0253 •0340 
19 •040 •0016 •0032 •0056 •0092 •0139 •0201 •0279 •0374 
18 •048 •0018 •0036 •0066 •0107 •0163 •0236 •0328 •0441 
17 •056 •0020 •0041 •0074 •0121 •0186 •0269 •0376 •0606 

•0021 •0044 •0080 •0132 •0203 •0295 •0412 •0656 
ie •064 •0021 •0045 •0082 •0135 •0207 •0301 •0420 •0568 
16 •072 •0023 •0049 •0089 •0148 •0227 •0332 •0464 •0627 
14 •080 •0024 •0052 •0096 •0159 •0246 •0361 •0506 •0685 
13 •092 •0026 •0056 •0105 •0176 •0273 •0401 •0565 •0767 

.1 
ary •0026 •0057 •0106 •0178 •0277 •0407 •0673 •0778 

12 •104 •0027 •0060 •0113 •0191 •0298 •0439 •0620 •0844 
11 •116 •0028 •0063 •0120 •0204 •0320 •0474 •0671 •0917 ,, i •0029 •0065 •0125 •0213 •0336 •0499 •0708 •0968 
10 •128 •0029 •0066 •0126 •0216 •0340 •0606 •0719 •0986 

9 •144 •0030 •0069 •0133 •0229 •0365 •0546 •0778 •1069 
,, ih •0030 •0070 •0137 •0239 •0381 •0572 •0819 •1129 
8 •160 •0030 •0071 •0139 •0241 •0386 '0580 •0831 •1147 
7 •176 •0030 •0072 •0143 •0251 •0404 •0611 •0879 •1217 

•• A •0031 •0073 •0146 •0267 •0416 •0631 •0911 •1264 

6 •192 •0031 •0073 •0147 •0259 •0420 •0638 •0922 •1281 
6 •212 •0031 •0074 •0160 •0267 •0437 •0668 •0970 •1363 

,, A •0074 •0151 •0270 •0442 •0677 •0984 •1376 
4 •232 ,, •0076 •0162 •0274 •0460 •0693 •1011 •1417 

• • i • • •0075 •0163 •0278 •0460 •0711 •1043 •1467 



WELDLBSS STEEL TUBES 323 

Weldless Steel Tubes—Moments of Inertia (continued). 

Thickness. Bxteraal Diameter in Inches. 

I.8.W.G. Inch. li li 11 U 2 21 2i 

26 •018 •0230 •0293 •0367 •0453 •0550 •0661 •0786 •1081 
25 •020 •0255 •0325 •0407 •0501 •0610 •0733 •0871 •1198 
24 •022 •0279 •0356 •0446 •0550 •0669 •0804 •0956 •1315 
23 •024 •0303 •0387 •0485 •0598 •0727 •0874 •1040 •1431 
22 •028 •0351 •0448 •0562 •0693 •0843 •1014 •1206 •1661 

21 •032 •0398 •0508 •0637 •0787 •0958 •1152 •1371 •1889 
20 •036 •0444 •0567 •0712 •0880 •1071 •1289 •1535 •2115 
19 •040 •0489 •0626 •0786 •0971 •1183 •1424 •1696 •2339 
18 •048 •0578 •0740 •0930 •1150 •1403 •1690 •2014 •2780 
17 •056 •0663 •0850 •1070 •1325 •1617 •1949 •2324 •3212 

tV •0730 •0938 •1181 •1463 •1787 •2155 •2571 •3557 
ie •064 •0746 •0958 •1206 •1495 •1826 •2202 •2628 •3636 
15 •072 •0825 •1061 •1338 •1660 •2029 ■2450 •2924 •4051 
14 •080 •0902 •1162 •1467 •1821 •2227 •2691 •3215 •4457 
13 •092 •1013 •1306 •1652 •2053 •2515 •3042 •3637 •5052 

.. •1028 •1327 •1678 •2086 •2556 •3092 •3698 •5137 
\2 •104 •1117 ■1444 •1829 •2276 •2792 •3380 •4046 •5628 
11 •116 •1216 •1575 •1997 •2490 •3058 •3706 •4440 •6187 
,. i •1287 •1668 •2119 •2644 •3250 •3942 •4727 •6594 
10 •128 •1309 •1699 •2158 •2694 •3313 •4020 •4820 •6728 

9 •144 •1426 •1854 •2361 •2953 •3637 •4419 •5307 •7423 
., •1509 •1966 •2508 •3141 •3873 •4712 •5663 •7935 
8 •160 •1533 •1999 •2551 •3197 •3944 •4799 •5770 •8088 
7 •176 •1632 •2134 •2729 •3426 •4233 •5159 •6210 •8725 

•• •1699 •2224 •2849 •3582 •4431 •5405 •6514 •9165 

6 •192 •1724 •2259 •2895 •3641 •4506 •5499 •6629 •9334 
5 •212 •1827 •2402 •3086 •3891 •4826 •5900 •7123 10057 

.. A •1859 •2447 •3147 •3971 •4928 •6029 •7283 1 0292 
4 •232 •1920 •2531 •3261 •4121 •5122 •6273 •7586 1-0740 

• * •1994 •2637 •3405 •4312 •5369 •6587 •7977 11321 



324 ATOMIC WEIGHTS 

Atomic Weig'hts, 1987. 

(The Chemical Society, London.) 

Element. 
Sym¬ 
bol. 

At. 
No. 

Atomic 
Weight. 

Aluminium . A1 13 26-97 
Antimony Sb 61 121-76 
Argon . A 18 39-944 
Arsenic . As 33 74-91 
Barium . Ba 66 137-36 
Beryllium Be 4 902 
Bismuth Bi 83 209-00 
Boron . B 6 10-82 
Bromine Br 36 79-916 
Cadmium Cd 48 112-41 
Caesium Os 65 132-91 
Calcium Ca 20 40-08 
Carbon . 0 6 12-01 i 
Cerium . Ce 68 140-13 
Chlorine Cl 17 35-467 
Chromium Cr 24 62-01 
Cobalt . Co 27 68-94 
Copper . Ou 29 63-57 ‘ 
Dysprosium . Jy 66 162-46 1 
Erbium . i Er 68 167-64 
Europium Eu 63 162-0 
Fluorine F Q 1 19-00 
Gadolinium . Gd 64 166-9 
Gallium Ga 81 69-72 
Germanium . Ge 32 72-60 
Gold . An 79 197-2 
Hafnium PIf 72 178-6 
Helium . He 2 4-002 
Holmium Ho 67 163-6 
Hydrogen H 1 1-0078 
Indium . In 49 114-76 
Iodine . I 63 126-93 
Iridium Ir 77 193-1 
Iron Fe 26 65-84 
Krypton Kr 36 83-7 
Lanthanum . La 67 138-92 
Lead Pb 82 207-21 
Lithium Li 3 6-940 
Lutecium Lu 71 176-0 
Magnesium . Mg 12 24-32 
Manganese Mn 25 64-93 
Mercury Hg 80 200-61 
Molybdenum . Mo 42 96-0 
Neodymium . Nd 60 144-27 

Element. 
Sym¬ 
bol. 

At. 
No. 

Atomic 
Weight. 

Neon Ne 10 20-188 
Nickel . N1 28 58-69 
Niobium 

(Oolumbium) 
Nb X 
(Ob)/ 41 92-91 

Nitrogen N 7 14-008 
C^mium Os 76 191-6 
Oxygen 0 8 16-0000 
Palladium Pd 46 106-7 
Phosphorus . P 16 31-02 
Platinum Pt 78 196-23 
Potassium K 19 39-096 
Praseodymium Pr 69 140-92 
Protoactinium Pa 91 231 
Radium Ra 88 226-05 
Radon . Rn 86 222 
Rhenium Bo 76 186-31 
Rhodium Rh 45 102-91 
Rubidium Rb 37 86-48 
Ruthenium . Ru 44 101-7 
Samarium Sm 62 150-48 
Scandium Sc 21 46-10 
Selenium Se 34 78-96 
Silicon . Si 14 28-06 
Silver . A-g 47 107-880 
Sodium Na 11 22-997 
Strontium 1 Sr 38 87-63 
Sulphur S 16 32-06 
Tantalum Ta 73 180-88 
Tellurium Te 62 127-61 
Terbium Tb 66 169-2 
Thallium T1 81 204-39 
Thorium Th 90 232-12 
Thulium Tm 69 169-4 
Tin Sn 60 118-70 
Titanium Ti 22 47-90 
Tungsten 1 W 74 184-0 
Uranium ! U 92 238-07 
Vanadium i V 23 50-95 
Xenon . ! Xe 54 lSl-8 
Ytterbium Yb 70 173-04 
Yttrium Y 89 88-92 
Zinc Zn 30 65-38 
Zirconium 1 Zr 40 91-22 

Specific Gravity.—The specific gravity of a substance (solid or 
liquid) is the ratio of the weight of a given volume of the sub¬ 
stance to the weight of an equal volume of pure water. The 
specific gravity of a gas is generally given in terms of air or 
hydrogen. 



WEIGHT OF MATERIALS 326 

Weight of Materials. Metals and Alloys. 

Sfiecific 
Giavity. 

Weight in Lbs Cubic In. 
Material. of 

t'libic Ft 
one 
Cubic In. 

Ill One 
T.b. 

Aluminium, cast . 2'5GU 1 160 -093 1 10-80 
„ wrought 2‘GHl 167 -097 10-35 
„ bronze ' 7-787 ! 485 -281 3-56 

Antimony r>7i2 1 418 -242 4-13 
Arsenic . .6-748 1 358 -207 4-83 
Bismuth . 9 827 6J2 -854 2-82 

from 7-8()8 490 -284 3-53 
Brass, cast . . | to 8-4:i() 525 -804 3*29 

average 8-109 ' .505 -292 3-42 
,, Muntz-metal 1 8-221 512 -296 8-.37 
,, naval (rolled) { 8-510 580 -307 3-26 
,, sheet . 1 8-402 527 -805 3-28 
,, wire 8-558 588 -308 3-24 

( from 8-178 528 •306 3-27 
Bronze (gun-metal) < to H-8G3 552 •319 3-13 

( average 8-785 544 •315 3-18 
Copper, cast . 8-(;22 537 •811 3-22 

,, hammered 8-927 556 •822 3-11 
,, sheet 8-815 549 •818 3-15 
,, wire . 

Gold (pure) . 
8-895 .554 •821 3-12 

i9-;ii(> 1203 •696 1-44 
,, standard 22 carat fine 17-502 1090 •681 1-59 

(Gold 11, copper 1) 1 
( from 0-904 430 •249 4-02 

Iron, cast . . < to 7-886 160 •266 3-76 
/ average 7-209 449 •260 3-85 

from 7-547 470 •272 3-68 
Iron, wrought. . < to 7-803 486 •281 3-66 

r . ' Lead, cast 
average 7-707 480 •278 3-60 

n-368 708 •410 2-44 
,, sheet . 

Manganese 
11-432 712 •412 2-43 
8-012 499 -289 3-46 

Nickel, cast . 8-285 516 •299 3-35 
,, rolled. 8-687 641 •313 3-19 

Platinum 21-616 1340 •775 1-29 
Silver 10-517 666 •879 2-64 

steel . . . 1 
from 7-820 487 •282 3-55 
to 7-916 493 •285 3-51 

Tin. 
average 7-868 490* •284 3-53 

7-418 462 •267 3-74 
White metal (Babbitt’s) 7-322 456 •264 3-79 

oast . , 6-872 428 •248 4*04 
ft sheet . 7 209 449 •260 3-85 

* A widely accepted value Is iSd'Ct lb. per cu. ft. 



326 WEIGHT OP MATERIALS 

Weight of Materials. 

Woods {Dry). 

Material. 

Weight 
in Lbs, 
of One 

Cub, Foot. 

Material. 

Weight 
in Lbs. 
of One 

Cub, Foot. 

Ash .... 
Beech 
Birch 
Boxwood. 
Cork 
Ebony 
Elm 
Eir, spruce 
Greenheart 
Hornbeam 

43-53 
43-53 
40-4G 
57-83 

15 
70-83 
34-45 
30-44 

70 
47 

Larch .... 
Lignum-vitas 
Mahogany, Honduras. 

,, Spanish . 
Oak, American red , 

English 
Pine, red . 

„ white 
,, yellow 

Teak .... 

31-37 
83 
35 
53 
54 

48-58 
30-44 
27-34 
29-41 
41-55 

Atones, Earths, etc. 

Asphaltum G4-112 Grindstone . 134 
Brick, common 100-125 Lime, quick 52 

„ fire 137-150 Limestones and marbles 150-179 
Cement, Portland . 80-90 Mortar, hardened 88-118 
Clay 120 Mud, dry and close 80-110 
Concrete. 120-140 „ wet and fluid . 104-120 
Earth 77-120 Sand, dry . 88-110 
Glass, crown . 15G ,, wet . 118-129 

,, flint 187 Sandstone . 130-170 
,, plate 169 V ictoria ston e (crushed 

Granite . 1G4-175 granite, Portland y 144 
Gravel 90-125 cement, silica) i 

MisceUitneous Euhstances. 

Bone 119 Ivory .... 117 
Grain, barley . 40 Lard . 69*2 

,, oats 33 Leather 60 
„ wheat . 50 Rosin . , „ . 69 

Guttapercha . 61 Sulphur 125 
Ice .... 57*4 Tallow 58 
Indiarubber , 58 Wax .... 60*6 

Specific Gravity and Bulk of Coal. 
Anthracite coal has a specific gravity varying from 1*3 to 1*8, 

and a ton stowed in the ordinary way occupies from 40 to 46 
cubic feet, 

Bituminom coal has a specific gravity varying from 1*2 to 1'6» 
and the bulk of one ton is from ^ to 48 cubic feet. 



327 WEIGHT or SQUABB BABS 

Relative Weigrbts of Metals. 

Weight Relative Weights. | 

Metal. of One 
Ciilnc 

Alumi- 
niiiin 

Cast- 
iron Wronght- Steel Brass Copper 

Inch. = 1. -1. iion--l =1 1 =1. =1. 

Aluminium . •007 1*000 •373 ^349 *342' -318 •305 
Cast-iron •260 2*680 1*000 •935 *915 -852 •818 
Wrought-iron •278 2-866 1*069 1*000 •979' -911 •874 
Steel . . . •284 ! 2*928 1-092 1*022 1*000 *931 *893 
Brass . . . •305 ! 3-144 1-173 1*097 1*074 1*000 *959 
Copper . . •318 3*278 1-223 1*144 1*120 1*043 1 000 
Lead . . . •412 4*247 1*585 ! 1*482 1*451 1*351 1*296 

Weight of Square Wrought-iron Bars in Lbs. 
per Foot of Length. 

S = side of square in inches. 
Weight of bar per foot of length, in lbs. = 3’.‘i36 S''*. 
The weight of a cubic inch of wrought-iron is taken as *278 lb. 

S •0 Ji n 
0 •0521 •2085 •4691 •8340 1*303 1*876 2*554 
1 3*336 4*222 5*212 6-307 7*506 8*809 10*22 11*73 
2 13*34 15*06 16*89 18*82 20*85 22*99 25*23 27-57 
3 30*02 32*58 35*24 38-00 40*87 43*84 46*91 50*09 
4 53*38 56*76 60*26 63*85 67-55 71*36 75*27 79*28 
6 83-40 87*62 91-95 96*38 100*9 1 105*6 1 110*3 1 115-1 
6 120*1 125*2 130*3 135*6 140*9 146*4 152*0 157*7 
7 ! 163*5 169*4 175*3 181*4 187*6 194*0 , 200-4 206-9 
8 1 213*5 220*2 227-1 ! 234*0 241-0 1 248*2 255*4 262-8 
9 ' 270*2 277*8 285-4 ' 293 *2 301 *1 309*0 317-1 325-3 

Weight of Square Steel Bars in Lbs. per Foot of Length. 
S = side of square in inches 
Weight of bar per foot of length, in lbs. = 3*408 S®. 
The weight of a cubic inch of steel is taken as *284 lb. 

S -0 /8 J?- Vs 
0 •0532 *2i30 •4792 *8520 1*331 1*917 2 609 
1 s-m 4-313 5-325 6-443 7*668 8*999 10*44 11-98 
2 13*63 16*39 17-26 19-22 21*30 23-48 25-77 28-17 
3 30-67 33-28 36 00 38-82 41 *75 44*78 47-92 51-17 
4 64-63 67-99 61-56 66-23 69-01 72-90 76*89 80-99 
6 86-20 89*61 93-93 98-46 103*1 107-8 112 7 117-6 
6 122 7 127*9 133-1 138-5 144-0 149-6 165-3 161-1 
7 1 167-0 173-0 179*1 186-4 191-7 198-1 204-7 211-3 
8 218-1 226*0 232*0 239-0 1 246*2 253*6 260-9 268*4 
8 1 276*0 283-8 291*6 299*6 ! 307-6 1 316-7 324*0 ' 332*3 



328 WEIGHT OF ROUND BARS 

Weight of Bound Wrought-iron Bara in Lba. 
per Foot of Length. 

D = diameter of bar m inches. 
Weight of bar per foot of length, in lbs. = 2 (>2 
The weight of a cubic inch of wrought-iron is taken as *278 lb. 

D •0 Va 

1 1 

0 •0409 •1638 *3684 *6550 1*023 1*474 2*006 
1 2-620 3*316 4*094 4*953 5*895 6*918 8*024 9*211 
2 10*48 11*83 13*26 14*78 16*37 18*05 19 81 21*66 
3 23*58 25*59 27*67 29-84 32 09 34*43 36*84 39*34 
4 41*02 44*58 47*32 50*15 63*05 56*04 59*11 62*27 

5 65*50 68*82 72*21 75*69 79*25 82*90 86*62 90*43 
6 94*32 98*29 102*3 106*5 110*7 115*0 119*4 123 8 
7 128*4 133*0 137*7 142*5 147*4 152*3 157*4 162*5 
8 167*7 173 0 178*3 183*8 189*3 194*9 1 200*6 206 4 
9 212*2 218*2 224*2 230*3 236*5 242*7 249*1 255*6 

10 262*0 268*6 275*3 282*0 288*9 295 8 302*8 309*9 
11 317*0 324*3 331*6 339*0 1 346*5 354*1 361*7 369*5 
12 377*3 385*2 393*2 401*2 > 409*4 417*6 426*9 434*3 
13 442*8 451*3 460*0 468 7 I 477*5 486*4 495*3 ■ 504*4 
14 513*5 ' 522*7 532*0 641*4 1 650*9 660*4 570*0 579*7 

Weight of Bound Steel Bara in Lbs. 
per Foot of Length. 

D=diameter of bar in inches. 
Weight of bar per foot of length, in lbs. = 2*6766 D^. 
The weight of a cubic inch of steel is taken as *284 lb. 

D *0 |4 1 >4 Vs H 
0 •0418 •1673 •3764 •6692 1*046 1*506 2*049 
1 2*677 3*387 4*182 5*060 6*022 7*068 8*197 9*410 
2 10*71 12*09 13-65 15*10 16*73 18-44 20*24 22*12 
3 24*09 26-14 28*27 30-49 32*79 35 17 37-64 40*19 
4 42*83 45*54 48*35 51*23 54 20 57*25 60*39 63*61 

5 66*91 70*30 73*77 77*33 80*97 84*69 88*50 92-38 
6 96*36 100*4 104*6 108*8 113*1 117*5 122*0 126*5 
7 131*2 135*9 140*7 146*6 150*6 165*6 160*8 166*0 
8 171*3 176*7 182*2 187*7 193*4 199*1 204*9 210*8 
9 216*8 222*9 229*0 235*2 241*6 248*0 264*4 261*0 

10 267*7 274*4 281*2 288*1 295*1 302*2 309*3 316*5 
11 323*9 331*3 338*8 346*3 354*0 361*7 369*6 377*4 
12 386*4 393*6 401*7 409*9 418*2 426*6 436*1 443*7 
13 452*3 461*1 469*9 478*8 487*8 496*9 606*0 616*3 
14 624*6 634*0 643*6 663*1 662*8 672*6 682*3 692*2 
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Weight of Flat Wrought-iron Bars in Lbs. 
per Foot of Length. 

Weight per foot of length=width x thickness x 3*336. 
The width and thickness are both in inches. 
I’he weight of a cubic inch of wrought-iron is taken as *278 lb. 

Widtli Thickness in Fractions of an Itich, 
in 

Ins. >1^ 
. 

1 

h •104 *208 •417 *625 *834 1*042 1-251 1*459 1*668 
s •130 *261 *521 *782 1*042 1-303 1 *564 1*824 2*085 

1 •ir>6 *313 *625 *938 1-251 1*564 1*876 2*189 2-502 
1 •1H2 *365 •730 1*095 1-459 1-824 2-189 2*554 2*919 

1 *208 *417 *834 1*251 1-668 2-085 2-502 2*919 3*336 

IJ •235 *469 •938 1*407 1-876 2-.346 2*815 3*284 3-753 
u •261 *521 1*042 1*561 2-085 2-606 3*127 3-649 4-170 

n •287 *573 1-147 1-720 2*293 2-867 3-440 4*014 4*587 
li •313 •025 1*251 1-876 2-502 3-127 3*753 4-378 5-004 

n •339 *678 1*355 2*033 2-710 3-388 4*066 4-743 5*421 

*365 *730 1*159 2*189 2-919 3-649 4*378 5-108 5*838 
•391 *782 1 -564 2-346 3-127 3*909 4*691 5-473 6*255 

2 *417 •831 1*668 2*502 3*336 4*170 S'lm 5-838 6*672 
21 •469 *938 1-870 2*815 3*753 4-691 5*629 6*568 7*506 

24 •521 1*042 2*085 3-1271 4-170 5*212 6*255 7*297 8-340 

2i •573 1*147 2-293 3*440 4*587 5*734 6-880 8*027 9*174 
3 *625 1*251 2-502 3*753 5*004 6*255 7-506 8*757 10*008 

H 1 *678 1-355 2-710 4*066 5*421 6-776 8-131 ' 9*487 10*842 
1 *730 1-459 2-919 4-378 5*838 7*297 8-757 10*216 11*676 

3i *782 1*564 1 3*127 4*691 6-255 7*819 9*382 10*946 12*510 

4 •834 1*668 3*336 5-004 6*672 8*340 10*008 11*676 13*344 
H i *886 1*772 3*544 5*317 7*089 8-861 10*633 12*40614*178 

*938 1*876 3-753 6*629 7 •506 9*382 11*259 13*135 15*012 
•990 1*981 3*961 6*942 7*923 9-904 11*884 13-865ll5-846 

6 1*042 2*086 4*170 6*255 8*340 10*425 12-510 14-595 16-680 

6i 1-147 [2*293 4*587 6*880 9-174 11-467 13*761 16*054 18*348 
6 1*251 |2*502 6*004 7-506 10*008 12*510 15*012 17*514 20*016 

1*355 2*710 6*421 8'131{10*842 13-552 16*263118*973 21*684 
7 1*459 2*919 5*838 8*757|11*676 14*595| 17-51420-433 23-352 

n 1*564 |3*127 6*265 9*382,12*510 15-637| 18*765 21*892 25-020 

8 1-668 3*336 6*672 10*008] 13*344 16-680 20*01623*352 26*688 
9 1*876 3*763 7*506 11*25915^12 18*765 22-518126-271 30*024 

10 2*085 4*170 8*340 12-510| 16-680 20-850 26*02029*190 33*360 
11 2*293 4*687 9*174 13*761118*348 22*935 27*52232*109 36*696 

12 2*602 6*004 10*008 lS-012120-016 26*020 30*02436 028 40*0321 



330 WEIGHT OP PLAT BARS 

Weight of Flat Steel Bars in Lbs. 
per Foot of Length. 

Weight per foot of length, in lbs. = width x thickness x 3*408. 
The width and thickness are both in inches. 
The weight of a cubic inch of steel is taken as *284 lb. 

Width Thickness in Fractions of an Inch. 
in 

Ins. ^6 ^8 ^8 Vs 1 

i •10() •213 •426 •639 •852 1-065 1-278 1-491 1-704 
•133 •266 •532 •799 l-()65 1-331 1-597 1-864 2-130 

1 •IGO •319 •639 •958 1*278 1-597 1-917 2-236' 2-556 
i T86 •373 •745 1-118 1-491 1-864 2-236 2-()()9' 2-982 

1 •213 •426 •852 1-278 1-704 2*130 2-556 2‘982 3-408 

H •240 •479 •958 1-438 1-917 2-396 2-875 3-355 3-834 

U •206 •532 1-065 1 597 2-130 2-662 3-195 3-727 4-260 
•293 •586 1-171 1-757 2-343 2*929 3-514 4-100 4-686 

n •319 •639 1278 1-917 2-556 3-195 3-834 4-473 5-112 
•346 •692 1-384 2-077 2-769 3-461 4-153 4-846 5-538 

If •373 •745 1-491 2-236 2-982 3-727 4-473 5-218 5-964 

u •399 •799 1597 2 396 3-195 3-994 4-792 5-591 6-390 
2 •426 •852 1-704 2*556 3-408 4*260 5*112 5-964 6-816 

2i •479 •958 1-917 2-876 3-834 4-792 5-751 6-709 7-668 

2J •532 1-065 2-130 3-196 4-260 6-325 6-390 7-455 8-520 

2| •586 1-171 2*313 3-514 4-686 5-857 7-029 8-200' 9-372 
3 •639 1-278 2-556 3-834 6-112 6-390 7-668 8-946 10-224 

H •692, 1-384 2-769 4-153 5-538 6-922 8-307 9-691 11-076 
H •745 1-491 2-982 4-473 5-964 7-455 8-946 10-437 11-928 

•799 1-597 3-195 4*792 6-390 7-987 9-585 11-182 12-780 

4 •852 1-704 3*408 5-112 6*816 8-520 10-224 11-928 13-632 
H •905 1-810 3-621 6-431 7-242 9-052 10-863 12’673 14-484 

•958 1-917 3-834 5-761 7-668 9-685 11-502 13-419 15-336 
1-012 2-023 4-047 6*070 8-09410-117 12-141 14*164 16-188 

5 1-065 2-130 4-260 6-390 8-520 10-650 12-780 14-910 17-040 

5i 1-171 2-343 4-686 7-029 9-372 11-715 14-068 16-401 18*744 
6 1*278 2-556 5-112 7-668 10-224 12-780 15-336 17-89220*448 

6i 1-384 2-769 5-538 8-307 11-076 13*846 16-614 19-383 22*162 
7 1-491 2-982 5-964 8-946 11*928 14-910 17-892: 20-874 23-856 

n 1-597 3-195 6-3901 9-58512-780 16-975 19-170; 22-36626-660 

8 1-704 3-408 6-816 10-224ll3-632 17-040 20-448: 23-866'27-264 
9 1-917 3-834 7-668 11-50216-.336 19-170 23-004'26*838 30-672 

10 2-130 4*260 8-52012-78017*040 21-300 26-660|29-820 34-080 
11 2-343 4-686 9’37214-058il8*744 23-430 28'116 32-802 37-488 

12 2-566 6-11210-22415*336 20-4481 26-660 30*672 36’784'40*896l 



WEIGHT OF SHEETS 331 

Weight of Sheets or Plates of Various Metals in Lbs. 
per Square Foot. 

Thicknesses advancing by 32nds of an Inch. 

Weight of sheet per square foot, in lbs. — thickness in inches x C. 
6^=40032 for wronght-iron, = 40-89G for steel, = 45*76 for 

copper, = 43*92 for brass, = 59*328 for lead, = 37*44 for zinc. 

Thick¬ 
ness. 

Wrought- 
iron steel 1 Copper Brass. I^ead Zinc. 

sV 1*25 1*28 1*43 1*37 1*85 1*17 
2*50 2*56 2*86 2*74 3*71 2-.34 

/it 3*75 3*83 4*29 4*12 5*56 3*51 
i 5 00 5*11 5*72 5*49 7*42 4*68 

A 6*25 6*39 1 7*15 6*86 9*27 5*85 
A 7*51 7*67 1 8*58 8*23 11*12 7*02 

A 8*76 8*96 10*01 9*61 12*98 8*19 
JL 
4 10*01 10*22 11*44 10*98 14*83 9*36 

9 11*26 11*50 12*87 12*35 16*69 10*53 
A 12*51 12*78 14*30 13*72 18*54 11*70 

A 13*76 14*06 15 73 15*10 20*39 12*87 
1 15*01 16*34 17*16 16*47 22*25 14*04 

U 16*26 16*61 18 .59 17*84 24*10 15*21 
A 17*51 17*89 20*02 19*21 25*96 16*38 

H 18*76 19*17 21*45 20*59 27*81 17*55 
i 20*02 20 45 22*88 21*96 29*66 18*72 

il 1 21*27 21*73 24*31 23*33 31*52 19*89 
A 22*52 23*00 25*74 24*70 33*37 21*06 

23*77 24 28 27*17 26*08 35*23 22*23 
1 25*02 25*56 28*60 27*45 37*08 23*40 

li 26*27 26*84 30*03 28 82 38*93 24*57 
27*52 28*12 31*46 30*19 40*79 25*74 

u 28*77 29 39 32*89 31 *57 42*64 26*91 
S 30*02 30*67 34*32 32*94 44*50 28*08 

31*27 31*96 35*75 34*31 46*35 29*25 
32*63 33*23 37*18 35*68 48*20 30*42 

il 33*78 34*51 38*61 37*06 60*06 31*69 
i 36*03 35*78 40*04 38*43 51*91 32*76 

a 36*28 37*06 41*47 39*80 63 ”77 33*93 
37*63 38*34 42*90 41'17 65*62 35*10 

a 38*78 39*62 1 44*33 42*56 57*47 36*27 
1 40*03 40*90 46*76 43*92 69*33 37*44 



332 WEIGHT OF SHEETS 

Weight of Sheets or Plates of Various Metals in Lbs. 
per Square Poot. 

Thicknesses by Imperial Standard Wire Gauge. 

Thickiu'bs. 

I.S.W.G Inch. 

Wrought-! , 
iron. 1 ‘ C'oj)i)er. 

1 
liniss. Lead. Zinc. 

7/0 •500 20-02 20-45 22-88 21-96 , 29-66 18-72 
() 0 •4()4 18-57 18-98 21 -23 20-38 27-53 17-37 
5/0 •432 17-29 17-67 19-77 18-97 25*63 16-17 
4/0 •400 16-01 16 *36 18-30 17-57 23-73 14-98 
3^0 •372 14-89 15-21 17-02 16-34 22-07 13-93 
2/0 13-93 14-23 15-92 15-28 20-65 13-03 

0 •324 12-97 13-25 14-83 14-23 ^ 19-22 12-13 
1 •300 12-01 12-27 13-73 13-18 17-80 11-23 
2 •276 11 05 11-29 12-63 12-12 ' 16-37 10-33 
3 •252 10-09 10-31 11*53 11 07 14 95 9-43 
4 •232 9-29 9-49 10-62 10-19 , 13-76 8-69 

5 •212 8-49 8-67 9-70 9-31 12-58 7-94 
6 •192 7 69 7-85 8-79 8-43 11-39 7-19 
7 •178 7-05 7-20 8-05 7-73 10-44 6-59 
8 •160 6-41 6 54 7-32 7-03 9-49 5-99 
9 •114 5-76 5-89 6-59 6-32 8-54 5-39 

10 •128 5-12 5-23 5-86 5-62 7-59 4-79 
11 •116 4-64 4-74 5-31 5-09 6-88 4-34 
12 •104 4-16 4-25 4-76 4-57 6-17 3-89 
13 •092 3-68 3-76 4-21 4-04 5-46 3-44 
14 •080 3 20 3-27 3-66 3-51 4-75 3-00 

15 •072 2-88 2-94 3-29 3-16 4-27 2-70 
IG •0()4 2-56 2-62 2-93 2-81 3-80 2-40 
17 1 -056 2-24 2-29 2-56 2-46 3-32 2-10 
18 •048 1-92 1-96 2-20 2-11 2 85 1-80 
19 •040 1 *60 1-64 1-83 1-76 2-37 1-50 

20 1 *036 1-44 1-47 1-65 i 1’58 2-14 1-35 
21 1 -032 1-28 1-31 1-46 1-41 1-90 1-20 
22 •028 112 115 1-28 1-23 1-66 1*05 
23 •024 •96 •98 1-10 1 1-05* 1-42 •90 
24 •022 •88 •90 1-01 1 -97 1 31 •82 

25 •020 •80 •82 •92 •88 ' 1-19 i -75 
26 •018 •72 •74 •82 •79 1-07 •67 
27 •0164 •66 •67 •75 •72 •97 1 -61 
28 •0148 •59 •61 •68 •65 •88 •56 
29 •0136 •54 •56 •62 •60 *81 •61 



WEIGHT OF NUTS AND BOLT HEADS 333 

Weight of Nuts and Bolt Heads. 

c^=diameter of bolt in inches. 
Width of nut or bolt head across the flats = + J inch. 
Height of nut = height of bolt head = (Z. 
The weight in lbs. is given approximately by the following 

formulas : — 
Weight of hexagonal mit = {‘^7d + '()\))clr. 
Weight of square nut = ('45(i+ 
Weight of hexagonal bolt head = (+ *09)6^^. 
Weight ot square bolt head = (-G3<i+ 

The nuts are supposed to be screwed. 
The above weights are for wrought-iron or steel nuts. For 

brad's nuts add about 10 per cent. 
The following table of weights of nuts and bolt heads has 

been calculated by means of the above formulae :— 

d 
Nuts. Bolt Heads. 

d 
Nuts. Bolt Heads. ^ 

Hex. S<i. Hex Sq Hex. Sq. Hex. Sq. 

i '07 08 09 •11 2 3'3 40 4'8 5'6 
1 •21 •25 •28 •33 21 4'7 5'7 6‘7 7-7 
1 '46 •56 '64 •74 24 6'3 7'7 9'2 10-5 
li '86 1-05 1'21 ; 1'4() 2| 8'4 ]0'2 12'1 13-9 

n 1'45 1'77 2'06 12-3/ 3 1 10'8 13 1 : 15-7 180 

ii 2'26 2'76 3'22 1 3'71 •^1 13'7 16'6 19'8 22*8 

Weight of Tubes, Pipes, or Cylinders. 

/>=external diameter, in inches. 
d = internal diameter, in inches 

^=thickness, in inches 

weight, in lbs., of one cubic inch of material 
w=*26 for cast-iron. «> = *308 for brass. 

= ’278 for wrought-iron. =’321 for copper. 
— *284 for steel. = *412 for lead. 

TF= weight, in lbs., of one lineal foot of tube, pipe, or cylinder^ 
W=:^l2Trwt{I)-t) = 12invt{d + t). 

= 9‘8«(i> -t) = 9*8i(rf +1) for cast-iron. 
= 10*48i(/> -t)~ l()-48<(d -f-1) for wrought-iron. 
= 10-7«(i)-e) = 10'7((<i + 0 ior steel. See also p. 336. 
= 11 Z) -1) = 1 l*6<(d -f«) for brass. 
= 12Te(i) -t) = l2'\t{d +1) for copper. 
= 16-5«(/) - 0 = 16*5<(rf + 0 for lead. 

The tables on pp. 334^341 have been calculated by meims of 
the above fonnuln. 



334 WEIGHT OP WROUGHT-IRON TUBES 

Weight of Wrought iron Tubes in Lbs. per 
Foot of Length. 

For formula see p. 333. 

Thickness External Diameter in Inches 

1.8 W.G 
1 

Ins ' ^2 1 

18 •018 •227 •290 •353 •416 •479 •605 •730 *856 
17 •05(5 •261 •334 •4(^7 •481 •551 •701 •847 •994 
1() •0(51 •292 •376 •460 •544 •628 •795 •9(53 1-131 
15 •072 •323 •417 •512 •606 •700 •889 1-078 1-266 
14 ■080 •352 •157 •562 *(567 •771 •981 1-191 1-400 

13 •092 •392 •514 •634 •755 •875 1-11(5 1 -358 1 -599 
12 •104 •432 •568 •704 •840 •977 1-249 1-522 1-794 
11 •116 •467 •619 •771 •923 1 -075 1 -379 1-683 1-986 
10 •128 •499 •6(57 •8.34 1 -002 1-170 1 -505 1-840 2-176 

9 •144 •537 •726 •915 1*103 1 -292 1 -(iilO 2-OK) 2-424 

External Diameter in Inches 

2 *2)4 23/ *‘/4 3 ••iX 

13 •092 1-840 2-081 2-322 2-5(53 2-804 3-015 3-286 3-.527 
12 •104 2-06(5 2-339 2-()ll 2-884 3-156 3-429 H-70] 3-974 
11 •11(5 2-290 2-594 2-898 3-202 3-5()6 3-810 4-114 4-418 
10 •128 2-511 2-847 3-182 3-517 3-8.53 4-188 4-.523 4-859 
9 •144 2-801 3-178 3-555 3-933 4-310 4-687 5 •0(55 5-442 

8 •160 8-085 3 -505 3-924 4-.343 4-762 5-181 5-6011 6-020 
7 •176 3 •3(54 3-825 4-287 4-748 5*209 5-670 j 6-131 6-.592 
6 •192 3-638 1 4-141 4-644 5-147 5-650 6-1.53 1 6-6.5(5 7-159 
5 •212 3-973 4-528 5-083 5-(>39 6-194 6-7.50 ! 7-305 7-861 
4 •232 4-299 4-906 r.-5i4 6-122 6-730 7-338 '7-946 8-554 

External Diameter in Inches. 

4 i'A ox 6^ 7 1 
10 •128 5-19 5-86 6-.54 7-21 7-88 8-.55 9-22 9-89 
9 •144 5-82 6-57 7-33 8-08 8-84 9-59 10-35 11-10 
8 •1(50 6-44 7-28 8-12 8-95 9-79 10-63 11-47 12-31 
7 •176 7-05 7-98 8-90 9-82 10-74 11-66 12-59 13-61 
6 •192 7-66 8-67 9-67 10-68 11-69 12-69 13-70 14-70 

6 •212 8-42 9-53 10-64 11-75 12-86 13-97 15-08 16-19 
4 •232 9-16 10-38 11-59 12-81 14-02 15-24 16-46 17-67 
3 •252 9*90 11-22 12-54 13-86 15-18 16-60 17*82 19*14 

•276 10-77 12-22 13-66 15-11 16-66 18-00 19*45 20-90 
1 1 •300 11-63 13-20 14-78 16-36 17-92 19-49 21-06 22-64; 



WEIGHT OP WROUGHT-IRON TUBES 336 
i 

Weight of Wrought-iron Tubes in Lbs. per 
Foot of Length. 

For formula see p. 333. 

Thickness. 1 Intenial Diameter in Inches. 

IS WO ^ Ins. [ H Vi 1 i.'i 
18 •048 •276 *33^ •101 •464 -.527 •653 •779 -904 
17 •056 •326 -400 •173 •546 •620 •766 •913 j 1-060 
16 •064 •378 -462 *,546 •(;.30 •714 •881 1 -049 1-217 
15 •072 •4 .■{2 •j2<) •620 •715 •809 •998 1-186 , 1-375 
14 •080 •486 *591 •696 *801 •905 1-115 1-.125 1-534 
13 ■092 •571 •691 •812 •932 1 -053 11-291 l-,53:) 1-776 
12 •104 •()58 •795 •931 1-067 1-203 ' 1-476 1-748 2-021 
11 •116 •749 •901 1-0.53 1 -205 1-357 1 1-661 1-965 2-268 
10 •128 •812 1-010 1-178 1 -.145 1-513 [ 1-849 2-184 2-519 

9 •144 •972 1-161 1 -349 1 -5.38 1 -726 ' 2-404 2-481 ,2-858 

Internal Diameter in Inches 

2 2)/ 3X 6% 

13 •092 2-017 2-258 2*499 2-740 2-981 3-222 3-463 3-704 
12 •104 2*293 2-5(;6 2-838 3-111 3-383 3-656 3-928 4-201 
11 •116 2-572 2-876 3*180 3-484 3-788 4-092 4-396 4-700 
10 •128 2-855 3-190 3-526 3-861 4-196 4-531 4-867 5-202 

9 •144 3-236 3-613 3-990 4-367 4-745 5-12>. 5-499 5-877 

8 •160 3-622 4-041 4-460 4-879 5-299 5-718 6-137 6-556 
7 •176 4-014 4-475 4-936 5-397 5-858 6-319 6-780 7-241 
6 •192 4-411 4-914 5-417 5-920 6-423 6-926 7-429 7-932 
5 •212 4-915 5-470 6-025 6-581 7-1.36 7-692 8-2471 8-803 
4 •232 5*427 6-035 6-642 7-250 7-858 8-466 9-074! 9-682 

Internal Diameter in Inches. 

4 6 6 6/2 7 7^ 
10 •128 5-64 6-21 6-88 7-55 8-22 8-89 9-56 10-23 

9 •144 6-25 7-01 7-76 8-52 9-27 10-03 10-78 11-64 
8 •160 6-98 7-81 8-65 9-49 10-33 11*17 12-01 12-84 
7 •176 7-70 8-62 9-55 10-47 11-39 12-31 13-24 14*16 
6 •192 8-43 9-44 10-46 11-45 12-46 43-47 14-47 16*48 

6 •212 9-36 10-47 11-58 12-69 13-80 14-91 16-02 17*13 
4 •232 10-29 11*61 12-72 13-94 15-15 16-87 17-68 18*80 
3 *252 11*23 12-66 13-87 16-19 16*61 17*83 19-15 20*47 
2 •276 12*37 13-81 16*26 16-71 18*15 19*60 21*06 22*49 
1 •300 13*62 16-09 16*66 18’24 19-81 21*38 22*96 24*62| 



336 WEIGHT OP STEEL TUBES 

Weight of steel Tubes in Lb. per Foot of Length. 
For formula see p. 333. If wt. of steel is taken as 489-6 Ib./cu. ft., 

W = 10-6814f(D -1), and tabulated wts. are high by 1-74 lb. m 1000 lb. 

Thickness External lUaineter in Inches 

I.S W G Ins /s 1 1)4 1)4 1)4 

IM •048 •232 •296 •361 •425 •489 •617 •746 •874 
17 •056 •266 •341 •416 •491 *566 •715 •865 1-015 
16 •064 •299 •384 •470 •555 •641 •812 •983 1-155 
15 •072 •330 •426 •522 •619 -715 •908 1 -100 1-293 
14 •080 •360 •467 •574 •681 •788 1 -002 1-216 1-430 

13 •092 •402 ■52r> •648 •771 •894 1-140 1-.386 1 -632 
12 •104 •441 •580 •719 •858 •997 1-275 1-553 1-832 
11 •116 •477 •(:32 •787 •942 1-097 1-408 1-718 2-028 
10 •128 •509 •6S1 -8.52 1 -023 1-194 1 -537 1 -87i> 2-221 

9 •144 •549 •741 •934 1-126 1-319 1 -704 2-089 2-475 

External Diameter in Inches 

2 2X K(
N 3 '■1)4 3^ 3^ 

13 •092 1-878 2-124 2-370 2*617 2-863 3-l(»9 3-355 3-601 
12 •101 2-110 2-388 2-666 2-944 3-223 3-,501 3-779 4-067 
11 •116 2-338 2-649 2-959 3-269 3-580 3-890 4-200 4-611 
10 •128 2-564 2-906 3-249 3*591 3-933 4-276 4-618 4*961 
9 •144 2-860 3-245 3-630 4-015 4-401 4-786 5-171 5-556 

8 •160 3-150 3-578 4-006 4-434 4*862 5-290 5-718 6-146 
7 •176 3*435 3-906 4-377 4*847 5-318 5-789 1 6-260 6-731 
6 •192 3-714 4-228 4-742 5-255 5-769 6-282 ' 6-796 7-310 
5 •212 4-056 4-623 5-190 5-757 6-324 6-891 7-458: 8-026 
4 •232 4-389 5-009 6-630 6-251 6-871 1 7-492 1 8-112 8-7,33 

External Diameter in Inches. 

4 5 5H 6 6H i 7)4 

10 •128 5-30 5-99 6-67 7*36 8-04 8-73 9-41 10-10 
9 •144 5-94 6-71 7-48 8-25 9-02 9-79 10-66 11-33 
8 •160 6-57 7-43 8-29 9-14 10*00 10-85 11-71 12-57 
7 •176 7-20 8-14 9-08 10-03 10-97 11*91 12-86 13-79 
6 •192 7*82 8-85 9-88 10-90 11-93 1 12-96 13-99 16-01 

5 •212 8-59 9-73 10-86 12-00 13-13 14-26 15-40 16-53 
4 •232 9-35 10-59 11-84 13*08 14-32 15*56 16-80 18-04 
3 •252 10-11 11-45 12*80 14-15 15-50 16-86 18-20 19*64 
2 •276 11-00 12-47 13*96 15-43 16-90 18-38 19-86 21-3S 
1 •300 11-88 13-48i 16-09 16-69 18-30 19-90 21-61 2811 



WEIGHT OF STEEL TUBES 337 

Weight of Steel Tubes in Lb. per Foot of Length. 

For formula see p. 333. For note on weight of steel and 
tabulated weights see p. 336. 

Thickness. Internal Diameter in Inches. 

I.S.W.G Ins 1 1/4^ 1 -‘/2 

18 •048 •281 •346 •410 ■174 •538 •667 •795 •923 
17 •056 •333 •408 •483 -.558 •633 •783 •932 1 -082 
16 •064 •386 •472 •557 •643 •729 •900 1-071 1 -242 
15 •072 •441 •537 •633 •730 •826! 1-018 1-211 1-404 
14 ■080 •496 •603 •710 •817 •924 1-138 1 -352 1 -566 

13 •092 •583 •706 •829 -952 1 -075 1 -321 1 -567 1-813 
12 •104 •672 •811 •950 1 -089 1 -2291 1 -507 1-785 2-063 
11 •116 ‘765 •920 1 -075 1 -230 1 -385 1 *695 2-006 2-316 
10 •128 •86)0 1 -031 1 -203 1 -374 1 -545 1-887 2-230 2-572 

9 •144 •992 1-185 1-377 1 -570 l-763i 2-148 2-533 2-918 

Internal Diameter in Inches. 

2 2X 2^ 2X 3 3^ 

13 •092 2-059 2-:i()r) 2-552 2-79k' 8-044 :!-2iK) :!-53() 3-782 
12 •104 2-341 2-620 2*898 3-176 3-454 3-732 4-011 4-289 
11 •116 2-626 2-937 3-247 3-557 3-868 4-178 4-4881 4*798 
10 •128 2-915 3-257 3-599 3-942'4-284 4-627 4-969 5*311 

9 •144 3-303 3-689 4-074 4-459 4-844 6-229 5-615 6-000 

8 1 -160 3-698 4-126 4*654 4-982 5-410 5-838 6*266 6*604 
7 1 -176 4-098 4-569 5-039 5-510 5-981 6-452 6-923, 7*393 
6 •192 4-503 5-017 5-530 6-044 (i-r)58 7-071 7-585 8-098 
5 •212 5-018 5-585 6-152 6-719 7-286 7-853! 8-420' 8-987 
4 •232 5-541 6*161 6-782 7-4031 8-023 8-644 9-264' 9*886 

Internal Diameter in Inches. 

4 4^ 5 6 7 

10 •128 5*65 6-34 7-02 7-71 8-39 9-08 9-76 10-46 
9 •144 6-39 7-16 7-93 8-70 9-47 10-24 11-01 11-78 
8 •160 7-12 7-98 8-83 9-69 10-65 11*40 12-26 13-11 
7 •176 7-86 8-81 9-75 10-69 11-63 12-57 13-511 14-46 
6 •192 8-61 9-64 10-67 11-69 12-72 13-75 14-78 15-80 

5 •212 9-55 10-69 11-82 12-96 14-09 15-23 16-36 17-49 
4 •232 10-51 11-76 12-99 14-23 15-47 16-71 17-96 19-19 
3 •252 11-47 12-81 14-16 16-51 16-86 18*21 19*55 20-90 
2 •276 12-63 14-10 16-68 17-06 18-53 20-01 21-49, 22-96 
1 •300 13-80 15-41 17-01 18-62 20-22 21-83 23-43' 25-04 



338 WEIGHT OF COPPER TDBES 

Weight of Copper Tubes in Lbs. per Foot 
of Length. 

For formula see p. 333. 

1 Thickness. External Diameter in Inches 

I.S.W.G. Ins 34: 1 IX IX IX 

]H •048 •263 •335 •408 •480 *553 •698 •843 •989 
17 •056 •301 •38(5 •470 •555 •640 •809 •978 1-148 

1 IG •0()4 •338 •434 -.531 *628 •725 *918 1-112 1-306 
15 •072 •373 •482 •5911 -700 •808 I *026 1-244 1-462 
14 •080 •407 •528 •649 •770 •891 1 -133 1 -375 1-617 

13 •092 •454 •593 •732| -872 1*011 1-289 1-567 1-846 
12 •104 •498 •056 •813 •970 1-128 1-442 1 *757 2-071 
11 ■IIG ■539 •714 •890 1-065 1 -241 1 *592 1-943 2-293 
10 •128 •576 •770 •963 1157 1-.351 1 -738 2-125 2-512 

9 •144 •620 •838 1 •05(; 1-274 1-491 1 *927 2-363 2-798 

Extenial Diameter in Inches. 

2 2K 3 3X :^X 

13 •092 2-124 2-402 2-681 2*959 3*237 3*515 3-794 4-072 
12 •104 2-386 2*700 3-015 3*330 3*644 3-959 4-274 4-588 
11 •116 2-644 2-995 3-346 3*697 4-048 4-399 4-750 5-101 
10 •128 2-899 3-287 3-674 4*061 4-448 4-835 5-223 5-610 
9 •144 3-234 3-669 4 105 4-541 4*976 5-412 5-847 6-283 

8 •160 3*562 4-046 4*530 6-014 5-498 5*982 6-466 6-960 
7 •176 3-884 4-417 4-949 5*482 6-014 6-546 7-079 7-611 
8 •192 4-200 4-781 5-362 5-943 6-524 7-104 7-685 8-266 
5 '212 4-587 5-228 5-869 6-510 7-152 7-793 8-434 9-076 
4 •232 4-963 5*665 6-367 7-0(>9 7-770 8-472 9-174 9-876' 

External Diameter in Inches. 

4 5 5K 6 OK 7 

10 •128 6-00 6-77 7-55 8*32 9-09 9-87 10-64 11*42 
9 •144 6-72 7-59 8-46 9-33 10-20 11*07 11-96 12*82 
8 •160 7-43 8-40 9-37 10*34 11-31 12-27 13-24 1 14*21 
7 •176 i 8-14 9-21 10-27 11-34 12-40 13-47 14-63 i 15*60 
6 •192 8-85 10-01 1117 12-33 13-49 14*65 15-82 16*98 

5 •212 9-72 11-00 12*28 13*56 14-85 16-13 17-41 18*70 
4 •232 10-58 11*98 13-38 14-79 16-19 17*60 19-00 20-40 
3 •252 11*43 12-96 14*48 16*00 17-53 19-05 20*58 22*10 
2 •276 12*44 14*11 15*78 17*45 19-12 20-79 22*461 24*13 
1 •300 13*43 15*25 17*06 18*88 20*69 22*61 24*321 26*14 



WEIGHT OP COPPER TUBBS 339 

Weight of Copper Tubes in Lbs. per Foot 
of Length. 

For tornmla see p. 333. 

Thickness. 1 Internal Diameter in Inches 

I S.W.G. Ins. % % 1 IX ix 1 

18 •048 •318 •391 •463 •636 •(>09 •754 •899 1 -044* 
17 •056 •377 •4()1 •616 •631 •716 •885 1 -054 1 *2241 
16 •064 •437 •534 •(>30 •727 •824 1-018 1-211 1-405 
16 •072 •498 •607 •716 •825 •934 1-152 1 -370 1-5H7 
14 •080 •661 •682 •803 •924 1 -045 1-287 1 -529 1-771' 

13 •092 •669 •798 •937 1 -076 1-216 1-191 1-772 2-0511 
12 •104 •760 *917 1 -075 1 -232 1 -389 1-704 2-018 2-333 
11 •116 •865 1-040 1-216 1 -.391 1 -566 1-917 2-268 2-619 
10 •128 •973 1-166 1 -360 1 '653 1-747 2-134 2-521 2-909 

9 •144 M22 1 -340 1 -508 1-776 1 -993 2-429 2-865 3-300 

Internal Diameter in Inches. 

2 2;^ 2^ 3 ’i'A HX 3X 

13 •092 2-32!ll 2'(>()7 2-886 3-164 3-142 3-720 4-fKI 4-28 
12 •104 2-648 2-962 3-277 3-691 3*906 4*221 4-54 4-85 
11 •116 2-970 3-321 3-672 4*023 4-374 4-7.26 5-08 6-43 
10 •128 3-296 3-683 4*070 4-467 4-815 5-232 6-62 6-01 
9 •144 3-736 4-171 4-607 6-043 5-478 6-914 6-35 6-78 

8 •160 4-182 4-666 6-160 6*634 6-118 6-602 I 7-09 7-57 
7 •176 4-634 6-166 5-699 6-231i 6-764 7-2961 7-83 8-36 
6 •192 6-092 6-673 6 •2.14 6-836| 7-416 7-996 8-58 9-16 
6 •212 6-674 6*316 6-957 7-598 8-239 8-881 9-52 10-16 
4 •232 6-266 6-967 7-669 8-37l| 9-073 9-776 10-48 11-18 

Internal Diameter in Inches. 

4 i'A 5 “yVz 6 6X 7 7X 

10 •128 6-39 7-17 7-94 8-72 9-49 10-27 11-04 11-81 
9 •144 7-22 8-09 8-96 9-83 10-71 11-58 12-45 13-32 
8 •160 8-05 9-02 9-99 10-96 11*93 12-89 13-86 14-83 
7 •176 8-89 9-96 11*02 12-09 13*15 14-22 16-28 16-35 
6 •192 9-74 10-90 12-06 13-22 14-39 16-66 16-71 17-87 

5 •212 10-80 12-09 13-37 14-65 15-94 17-22 18-50 19-78 
4 •232 11-88 13-28 14-69 16-09 17-49 18-90 20-30 21-71 
3 •262 12*97 14-49 16*01 17*64 19-06 20-69 22-11 23*64 
2 •276 14-28 16*95 17*62 19-29 20-96 22*63 24*30 25-97 
1 •300 1 15*61 17*42 19-24 21*06 22-87 24*68 26-60 28*31 
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340 WEIGHT OP CAST-IRON PIPES 

24 

Weight of Cast-iron Pipes in Lbs. per 
Foot of Length. 

For formula see p. 333. 

Thickness in Inches 

H H V 1 lys iy» 

CrOo 7-35 9-95 12-80 10 08 19-00 ' 23-43 27-50 32-00 
(;\S9 9*80 13-02 16-54 20-37 21-.50 28*94 33*09 38*74 
8-7;i 12-25 16-08 20-21 24-05 29-40 34*45 39 81 ! 45-48 

10-57 14-70 19-14 23-89 28-94 34-30 39-97 45*94 52 22 
12-40 17-15 22-20 27-.50 33-23 39-20 45*48 52*06 58*95 

14-21 19*00 25*27 31*24 37-52 44-10 50*99 .58*19 65*69 
1(>()8 22-05 28-33 34*91 41*80 49-CH) .50*50 04*3,1 72-43 
17-92 21*50 31 39 38-59 4()-09 53-90 62*02 70-14 79-17 
19-75 20-95 31-45 42-20 50-38 58 80 07-.j3 7()*,50 85-90 
21-59 29-40 37*,52 15-94 54*07 63*70 73*04 82*09 92*64 

2;]-4H 31*85 40-58 49*61 58*95 68*00 78-55 88*8 99*4 
25*27 34*30 43-04 53*29 63*24 73-,50 8107 91*9 106*1 
27*10 36*75 46*70 .56*9(> 67-53 78-40 89*58 101-1 112*9 
28*91 ,39*20 49*77 00-64 71*82 83*30 95*09 l()7-2 119-6 
30*78 41*05 52*83 64-31 76*10 88*20 l(X)-6 113*3 126*3 

32*02 44*10 55*89 67-99 80*39 93*1 100*1 119*4 1,33*1 
34*45 40*55 58-95 71*00 84*08 98*0 111*0 125*6 139*8 
30-29 49-00, 02-02 75*34 88 97 102-9 117*1 131*7 146*5 
38*13 51-45 65*08 1 79*01 93*25 107*8 122*7 137*8 153-3 
39*97 53*90 68*14 1 82*09 97-51 j 112*7 128*2 143*9 160-0 

41-80 56*35 71-20 ! 86*4 101*8 117*0 133*7 1,50-1 166-8 
43*04 58*80 74*27 90*0 100*1 122*5 139*2 156*2 173*5 
45-48 61*25 77*33 1 93*7 I 110-4 127*4 144*7 162*3 180*2 
49*15 60*15 83*45 101*1 119*0 137-2 155*7 174*6 i 193*7 
52*83 71*05 89-58 108-4 127-6 147*0 106*8 186*8 207*2 

50*50 75-95 95*7 115-8 136-1 156*8 177*8 199*1 220*7 
00*18 80*85 101*8 123*1 144*7 166*6 1188*8 211*3 234*1 
63*85 85*75 108*0 130*5 153*3 170*4 199*8 223*0 247*6 
67*53 90*65 114*1 137*8 101-9 186*2 210*9 2,35*8 261*1 
71-20 95*55 120*2 145*2 170*4 196*0 221*9 1 248*1 274*6 

74*88 100*5 126*3 152*5 179*0 205*8 232-9 260*3 288*0 
78*55 105-4 132*5 159*9 187*6 215-6 243*9 272*6 301*5 
82*23 110*3 138*6 167*2 196*2 225*4 256*0 284*8 316*0 
85*90 115*2 144*7 174*6 204*7 2,35*2 266*0 297*1 328*6 
89*58 120*1 150*8 181-9 213*3 246*0 277*0 309*3 341*9 



WEIGHT OF BRASS TUBES 341 

Weight of Brass Tubes in Lbs. per Foot 
of Length. 

For formula see page 333. 

ThioknesB. External Diameter in Indies. 

1 s w (; Ins. >4 1 IX 

20 •030 •194 •240 •298 •350 •103 •507 •on •710 
19 •040 •213 •271 •:i29 •387 •445 •501 •077 •793 
18 •048 •252 •321 •391 •400 •530 ■009 •808 •948 
17 •050 •288 •370 •451 •532 •013 •770 •938 1-100 

10 •004 •324 •410 •509 •002 •095 •880 1 -000 1 *252 
15 •072 •357 •402 •500 •071 I *775 •981 1-193 1-401 
14 •080 •390 •500 •(;22 •738 1 -854 1 1 -080 1-318 1 -550 
13 •092 •435 *509 •702 1 -836 •909 1 -230 1 -503 1-769 

12 •104 •478 •029 •779 •930 1-081 1 -383 1-084 1 -986 
11 •no •517 •085 •853 1-021 l-i90 1 -520 1-802 2-199 
10 •128 1 ‘552 I -738 •924 1-109 1-295 1-000 2-037 2*408 

9 •144 1 -595 •803 1*012 1-221 1-430 1-847 2*265 2-683 



342 WEIGHT OF WATBE 

"Weight and Volume of Water at Various 
Temperatures. ♦ 

Temperature 
m Degrees. Relative 

Volume. 
Relative 
Density. 

Weight in 
Lbs of One 
Cubic Foot. 

Weight in 
Lbs of One 

Gallon. 
Cent. Fabr. 

0 32 ] 00013 *99987 62*3512 10*0101 
4 39*2 1-00000 1*00000 62*3593 10*0114 

10 50 1*00027 •99973 62*3425 10*0087 
16*67 62 1*00114 •99886 62*2882 10*0000 
20 68 1*00177 •99823 62*2489 9*9937 

30 86 1*00435 1 *99567 62*0893 9*9681 
40 104 1*00782 •99224 61*8754 9*9337 
50 122 1*01207 •98807 61*6153 9*8920 
60 140 1*01705 *98324 61*3141 9 8436 

70 168 1*02209 *97781 60*9755 9*7893 
80 170 1*02899 *97183 60*6026 9*7294 
90 194 1*03590 *96534 60*1979 9*6644 

100 212 
! 

[ 1*04343 •95838 50*7039 9*5947 

Relative densities are the same as densities in grammes per 
millilitre. Relative volumes are the reciprocals of relative 
densities. 

It is important to realize that, whereas a litre contains 1 kilo¬ 
gramme of pure water at 4° C. and 760 mm., a gallon only appeara 
to contain 10 lbs. of water at 62® F. and with the barometer at 
30 inches. The weighing of the litre is adjusted to vacuum 
conditions, and the apparent weight in air at 4° C. and 760 mm. 
would be less than 1 kilogramme. In the case of the gallon the 
apparent weight in air, at 62® F. and 30 inches, is 10 lbs. and the 
weight in a vacuum would be more than 10 lbs. 

Taking the weight of a cubic foot of pure water at 62® F. as 
62*2882 lbs., the following results are obtained:— 

1 ton of pure water at 62° F. contains 
1 pound „ 
1 ton „ 
1 cubic foot „ 
1 gallon „ 
1 cubic inch „ „ weighs 

35*9619 cubic feet. 
27*7420 cubic inches. 
224 gallons. 
6*22882 gallons. 
277*420 cubic inches. 
*0360464 pound. 

* Thft water is free from air and at atmospberio pressure. 



PRESSURE OP WATER 343 

Pressures Corresponding to given Heads of Water. 
Water at maximum density. Temperature 39-2° F. 
7/—head in feet. 7^ = pressure in lbs. per sq. inch = *433 77. 

H r II r // H P II P 

1 •433 21 9*09 41 ]7-75 61 26*41 81 35*07 
2 866 22 9*53 42 18*19 62 2(;'85 82 35*51 
3 1 *299 23 9*96 43 18*62 63 27*28 83 35*94 
4 1 *732 24 10*39 44 19*05 64 27*71 84 36*37 
5 2*165 25 10*82 45 19*48 65 28*14 85 36*80 
6 2*598 26 11*26 46 19*92 66 28*58 86 37*24 
7 3*031 27 11*69 47 20*35 67 29*01 87 37*67 
8 :<-464 28 12*12 48 20*78 68 29*14 88 38*10 
9 3*H97 29 12*56 49 21*22 69 29*88 89 38*54 

10 4*330 30 12 99 50 21*65 70 30*31 90 38*97 
11 4*763 31 13*42 51 1 22*08 71 30*74 91 39*40 1 
12 5*196 32 13*86 52 ' 22*52 72 31*18 92 39*84 
13 5*629 33 1 29 53 22*95 73 31 *61 93 40*27 ’ 
14 6*062 34 14*72 54 23*38 74 32*04 94 , 40*70 1 
15 6*495 35 15*15 55 1 23*81 75 32*47 95 ' 41*13 
16 i 6*928 36 1 15*59 56 1 24*25 76 32*91 96 41*57 
17 r*36i 37 16*02 57 , 24*68 77 33*34 97 42*00 
18 7 794 38 16*45 58 25*11 78 33*77 98 42*43 

8*227 39 16*89 59 i 25*55 79 34*21 99 1 42*87 
20 8*660 40 17*32 60 1 25*98 80 34*64 100 43*30 

Pressures Corresponding to given Heads of Water. 
Water at maximum density. Temperature 39*2® F. 
A = head in inches. P = pressure in lb«?. per sq. inch = *03608 A. 

A. •0 •1 •2 •3 •4 •6 •6 •7 •8 •9 

0 *004 •007 •oil *014 *018 •022 •025 *029 *032 
1 *036 *040 •043 •047 •051 •054 *058 *061 •0«5 *069 
2 •072 *076 *079 •083 •087 •090 •094 *097 *101 *105 
3 •108 •112 *115 *119 *123 •126 •130 *133 *137 *141 

4 •144 •148 •162 •155 •159 •162 *166 •170 *173 •177 
5 •180 •184 •188 •191 •196 *198 •202 *206 *209 •213 
6 •216 •220 •224 *227 •231 •236 *238 *242 *245 *249 
7 •263 •266 •260 *263 *267 •271 *274 •278 •281 *286 

8 •289 1 *292 •296 •299 •303 •307 •310 *314 •318 •321 
9 •325 *328 *332 •336 •339 •343 •346 •360 *354 •367 

10 •361 •864 •368 i -372 •376 •379 *382 •386 •390 •393 
11 •397 •400 •404 •408 

1 
•411 •416 *419 •422 *426 •429 



344 PRESSURE OF MERCURY 

Weight of One Cubic Inch of Mercury at Various 
Temperatures. 

Temperature in 
Degrees Weight of One 

Cubic Inch in 

Temperature iii 
Degrees 

Weight of One 
Cubic Inch in 

Cent. dhr Pounds Cent Fahr Pounds 

0 32 •4tK)56 120 248 ” •48007 
10 50 •48968 130 26(5 •47920 
20 68 ‘48880 140 284 •47833 
30 86 •48792 150 302 •47746 
40 104 •48705 160 320 •47660 
50 122 •48617 170 338 •47573 
60 140 •48530 ISO 3.56 •47487 
70 158 *48442 190 374 I •47400 
80 1 176 *48355 200 392 •47314 
90 I 191 1 •482(58 210 410 1 •47228 

1(K) 212 •48181 220 428 •47141 
110 1 230 •48094 230 446 •47055 

Pressure Corresponding to a given Column of Mercury. 
/i —height of column in inches. 

pressure in lbs. per square inch corresponding to the 
column of height h, 

temperature of mercury. 
weight of one cubic inch of merci ry at temperature L 

Pzzwh, 

Pressures, in Lbs. per Square Inch, Corresponding to 
Various Heights of the Barometer, at Various 

Temperatures. 

Height in Temperature in Degrees P’ahrenheit. 

Inches 32". 50". 68". 86". 104". 

28-2 13-834 13*809 13*784 13*769 13*735 
•4 13-932 13-907 13 882 13-857 13*832 
•6 14-030 14-005 13*980 13*955 13*930 
•8 14-128 14*103 14-077 14*027 

29*0 14-226 14*201 14-176 14*150 14*124 
•2 14-324 14*299 14*273 14*247 14*222 
•4 14-422 14*397 14*371 14*346 14*319 
•6 14-521 14*495 14*468 14*442 14*417 
•8 14*619 14*592 14*666 14*640 14*514 

30 0 14-717 14*690 14*664 14-638 14*611 
•2 14*816 14-788 14*762 14*736 
•4 14*913 14*886 14*860 14*806 ! 
•6 15*011 ' 14*984 14*957 



WEIGHT OF ACIDS AND OILS 345 

Weight of Acids and Acid Solutions. 
Temperature 15® C. =59® F. 

Sp. Gravity. 
Water at 

Weiffht of Weight of 
Acid or Acid Solutiou. One Cubic One Gallon 

F. 1 Foot ill Lbs. in Lbs. 

Hydrochloric acid (HCl)— 
- - 

40 per cent, acid . . . 1*200 74*82 12*013 
30 „ „ . . . 1*152 71*82 11*533 
20 „ „ . . . 1*100 68*58 11*012 
10 „ „ . . . 

Nitric acid (HNOy)— 
1*0.50 65*47 10*512 

100 per cent, acid . . . 1 *530 95*39 15*317 
80 „ „ . . . 1*460 91*03 14*616 
60 „ „ . . . 1 *374 ; 85*67 13*7,55 
40 „ „ . . . 1 *251 j 78*00 12*524 
20 „ „ . . . , 1*120 69*83 11*212 
10 . 

Sulphuric acid (H2SO4)— 
1 *060 

! 

1 66*09 
1 

10*612 

100 per cent, acid . . . 1 1*842 114*85 18*440 
80 „ „ . . . 1*73,3 108*05 [ 17*349 
60 „ , . . . I 1*503 1 93*71 ! 15*047 
40 „ „ . . . I 1*306 , 81 *43 13*074 
20 „ „ . . . 1 1 *145 ' 71 *39 1 11*463 
10 „ „ . . . 1*069 1 66*65 1 10*702 

Weight of Oils. 
Temperature 15° C. =59° F. 

Name of Oil. Class of Oil. 
Sp. Gravity. 

Water at 
39 *2'’ F.=l. 

Weight of 
One Cubic 

Foot in Lbs. 

Weight of 
One Gallon 

in Lbs. 

Castor . . . Vegetable •970 60*48 9*71 
Colza.... Vegetable •914 56*99 9*15 
Cotton-seed Vegetable •925 57*67 9*26 
Linseed . . . Vegetable •935 58*30 9*36 

Naphtha . . ^ Mineral •848 52*87 8*49 
Neat’s-foot. . Animal •914 66*99 i 9*15 
Olive. . . . , , Vegetable •915 57*05 9*16 
Petroleum . . Mineral •878 64*74 8*79 

Kape-seed . . Vegetable •915 67*05 9*16 
Sperm . . . Animal •880 54*87 8*81 
Turpentine . . Vegetable *870 64*24 8*71 
Whale . . . Animal *926 67*67 9*26 



346 WEIGHT OF GASES 

Specific Gravity, Weight, and Volume of Gases. 

Pressure = 1 atmosphere (14*7 lbs. per square inch). 
Temperature = 32° Fahr. unless stated to be otherwise. 

Gas. 

Air, dry and pure, at 32° F. 
n » 62^ F. 

Carbonic acid {CO2) 
I Carbonic oxide (CO) 

Coal gas (16 cand 1 e) 
„ (li) „ ) . 
„ (20 „ ) . 
„ (36 ,, )fromBogl 

Carmel 

Cyanogen (C2N2) . 
Hydrogen 
Marsh gas (CH4) . 
Nitrogen 

Olefiant gas (C2H4) 
Oxygen .... 
Steam, at 212° F. . 
Sulphurous acid (SO2) . 

Specific 
Gravity. 

Air at 
32 F 1. 

Weight 
of One 

Cub Foot 
in Lbs 

Volume 
of One Lb 

in Cubic 
Feet. 

i-ooooo *080728 12*387 
0*94263 *076097 13*141 
1*52901 •123434 8*101 
0*96780 *078129 12*799 

0*370 *029869 33*480 
0*425 034309 29*147 
0*455 *036731 27*225 

0*750 •0(>0546 16*516 

1*80640 •145827 6*857 
0 06926 •005591 178*859 
0*5.5900 1 *045127 22*160 
0*97137 *078417 12*752 

0*97840 
1 

•078984 12*661 
1 *10.563 *089255 11*204 
0*47034 i *037970 1 26*337 
2*21126 , 1 *178511 1 5*602 

Weight in Lbs. of a Cubic Foot of Air containing a 
Standard Amount of Carbonic Acid. 

(Board of Trade, Standards Department.) 

Temperature in Degrees Fahr. 
Condition of Air. —- 

32° 62° 80° 

Dry air. *08098 *07(532 •07377 

Ordinary air (saturation=n ) . , *08093 *07596 *07313 
\ *^ / 1 

Moist air (saturation = 1) *08080 •07578 *07281 

The standard amount of carbonic acid mentioned above i? 
6 volumes of carbonic acid to 10,000 volumes of air. 



CAST-IRON 347 

NOTES ON MATERIALS. 

{Revised by A. E. W. Smith, B.Sc., Ph.D.) 

Ferrous Alloys. 

When iron ore is dug from the earth and smelted in the blast 
furnace, the metal produced is a crude iron called pig-iron. 
This is very impure, only about 90-96 per cent, iron, the foreign 
elements present being chiefly carbon, silicon, manganese, 
sulphur, and phosphorus. This material is the starting-point 
for making every kind of engineering iron and steel. The 
cheapest way of dealing with it is simply to remelt and cast it 
into shapes, and in this form it is called cast-iron. 

Cast-iron is an admirable material for foundry work, because 
it melts much more easily than does steel, and flows well in the 
mould. It is cleaner and more uniform than pig-iron, but never¬ 
theless still contains most of the impurities, notably 2^-4^ 
per cent, of carbon. A small part of tins carbon (up to 0-9 per 
cent.) is in a complex combined form which strengthens the 
iron, but the rest may be there either as free carbon, in the form 
of graphite flakes, which are weak and soft, or as chemically 
combined carbon, in which case it is present as the compound 
iron carbide, which is hard and brittle. In the former case 
the cast-iron is grey and has a dark fracture; whereas in the 
latter it is white, so called from its brighter fracture; and mottled 
irons occur as a cross between these two, t.e. they are partly 
grey and partly white. It is the ratio of combined carbon to 
free carbon which determines the quality and hardness of the 
iron; the greater the quantity of combined carbon, the harder 
and whiter the iron. 

Grey irons are relatively soft, are machinable, and may wear 
well owing to the self-lubricating action of the graphite flakes; 
but they tend when very grey to be weak and porous. White 
irons are very hard and may be stronger than the grey variety; 
but they are also brittle and practically unmachinable. Within 
these limitations, however, each kind gives excellent service if 
correctly used. Control of the degree of greyness is largely 
attained by the chemical composition of the iron. 

Silicon may be present up to 4 per cent., and it has the effect 
of decomposing the iron carbide to liberate graphite, and therefore 
the greyness increases with the silicon content. This is shown 
by the typical analyses of pig-irons in Table 1, where the softest 
irons are seen to contain the most silicon, and the hard, white 
irons contain the least. White irons of low silicon content do 
not make good castings, as the metal is too viscous to flow well, 
and is also liable to produce blowholes in the casting. 

The presence of pnosphorus in cast-iron makes it more fusible, 
and causes it to remain longer in the fluid state when poured; 
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Table 1.* 
Typical Analyses of some (East Coast) Pig-irons, showing 

Relation of Silicon to Combined Carbon. 

Com¬ 
bined 

Carbon. 

Graphitic 
Carbon. Silicon. Sulphur. Phosphorus. Manganese. 

No. 1 0*30 3*73 2-50 0-02 005 100 
» 2 0-45 3-53 2-25 003 005 100 

3 0-56 318 200 004 006 100 
,, 4 100 2*75 1-50 010 005 100 
„ 5 1*55 2*45 100 0*20 005 0-75 

Mottled 2-05 1*50 0-76 0-25 005 0-50 
White 316 trace 0-65 0-30 005 0-60 

but it also induces brittleness. For this reason the phosphorus 
content is rarely as high as 1 per cent. This type of iron is 
useful, however, for castings of thin section or of intricate design, 
and for many light engineering castings. 

Sulphur tends to make cast-iron hard and brittle, and is 
generally regarded as detrimental; it should be kept well below 
0-1 per cent, for most foundry purposes. 

Manganese also t'^nds in a different way to whiten and harden 
a cast-iron, and is therefore often kept below 0*75 per cent. But 
it helps to exert a controlling influence over the harmful effect 
of sulphur, and for any particular purpose these two impurities 
should be considered in conjunction. 

The grey irons have a higher melting-point than the white 
irons, but they are more fluid in the molten state. They also 
expand during solidification and therefore take a good impression 
of the mould, a property not possessed by the white varieties. 
After cast-iron has solidified it contracts in cooling, about one- 
eighth of an inch per foot of length. Allowance for this con¬ 
traction must be made in patterns for the foundry. The shrinkage 
is less in the softer than in the harder irons. 

A part of a casting may be chilled by having the corresponding 
part of the mould lined with cast-iron, protected by a thin 
coating of loam. The chilled (i.e. more rapidly cooled) portion is 
found to contain more combined carbon, and is therefore harder. 
The hard skin produced in this way may be up to 1 inch thick; 
for instance, the wearing surface of a chilled iron roll. 

Castings of hard white iron may be converted into maUeabh 
castings % embedding them in powdered hcematite (an oxide of 

• Gz«sozy, MetaUurgp, 1932, Blaolde St Son, Ltd. 
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iron) and keeping them at a bright red-heat for several days, the 
time depending on their size. They are then cooled very slowly. 
By this process most of the iron carbide is decomposed and a 
large part of the carbon oxidised away, this variety of malleable 
iron being called white-heart. A similar kind of treatment, but 
without the surrounding oxide, leaves all the carbon embedded 
in the iron, collected into ^aphite “nodules,” and this is called 
black-heart malleable from its darker fracture. 

An idea of the strength of ordinary caatrirons is obtained 
from the following figures^ and from the fact that the B.S.S., 
No. 321, 1928, called for a tensile strength of only 11 tons per 
square inch (on the 1-2 inch-diameter bar). 

Maximum Stress. 
Tons/Sq. In. 

Orushinpr Strength. 
Tons/Sq. In. 

Transverse Teste. 
36-in. X 2-in. x l-in. 

Bars. 

Average 8-11 40 28 cwt. 
Very good . 14-16 50 30-40 „ 
Poor . 6 30 18 

In recent years, however, really outstanding improvements 
have been made in cast-iron, and this material can no longer be 
regarded as the Cinderella of metals. Not only in composition, 
but especially in melting practice in the cupola and in casting 
procedure, far greater control has been created by research, 
resulting in irons of much finer texture and greater uniformity. 
A great many irons have been patented. The general improve¬ 
ment is indeed so great that new specifications have been required, 
and the B.S.S., No. 786, 1938, demands in these high-duty irons 
a tensile strength as follows:— 

Grade I. Grade II. Grade in. 

1-2 inch-diameter bar 14 17 20 tons/sq. in. 

It should be remembered that these are minimum figures, and 
indeed a strength of 30 tons per square inch is by no means un¬ 
usual in practice. With these high-duty irons it is often worth 
while to employ heat-treatment (as with steels) for further im¬ 
provement, as in applications such as cylinder liners, cams, etc. 

Alloy additions also are now frequently made to cast-irons, 
the commonest being nickel, chromium, and silicon. These may 
produce greater wear-resistance, or strength, as in Grades II. 
and III. above, or resistance to growth. Ordinary cast-irons, 
when repeatedly heated and cooled (as in travelling fire-grates), 
m gradually ^tered in their internal structure, and actually 
increase in length in the process. This growth causes buckling. 
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The new non-magnetic alloy irons have almost completely over¬ 
come this phenomenon and can be heated with safety. Table 2 
gives the properties of some of these irons. 

Table 2.• 
Physical Properties of Nickel Alloy Austenitic Cast-irons. 

Typical Composition. 
Per Cent. Tensile 

Strength. 

Trans¬ 
verse 
Stress. 
Tons/ 
Sq. In. 

Brinell 
Hard- Machln- 

0 Si Ni Cr 
Tons/ 

Sq. In. 
ness 

Number. 
ability. 

“Nomag" 2-8 1-6 11 Mn6 14-17 200-220 Good 
“Ni-Besist” . 
“Nicrosilal”— 

2-8 1-6 14 2 Cu 6 12-16 180-220 Good 

A. Hard . 1-9 6-0 18 6 16-18 36-^0 320-360 Difficult 
B. Soft 

Unalloyed I 
1-9 6-0 18 2 12-14 26-30 110-130 

{ 
Good 
Possibly 
diffiLCult 
at comers 

engineering?- 
cast-iron ) 

3-2 

J 
1-8 12-16 24-30 180-210 < 

The properties of other alloy irons, such as may be used for 
cast crankshafts, are shown in Table 3, with a nickel-chromium 
alloy steel for comparison. 

Wrought-iron.f—Wrought-iron is nearly pure iron, and is 
made from pig-iron. Although pig-iron can be cast into shapes 
and has moderate strength, it cannot be forged or bent; but it 
is made forgeable or malleable by removing the impurities picked 
up in the blast furnace. 

Wrought-, or “puddled,” iron is made in a shallow hearth 
furnace at a high temperature (1200®-1400° C.) by melting down 
certain varieties of pig containing the most suitable amounts of 
impurities, and then oxidising this metal by a blast of air, 
together with iron ore or scale. Some iron is lost as oxide, but 
the impurities are almost all removed by preferential oxidation. 
The removal of the impurities raises the melting-point, so that 
during the refining the iron solidifies to a pasty mass, which is 
raked and worked into balls by the puddlers. The ball, whilst 
still white-hot, is taken to a hammer forge and beaten, to squeeze 
out most of the still fluid slag. The ball is rolled down to plates 
or billets, which are then packed into piles (piling) or bent back 
(doubling) and re-rolled, so that the final product is laminated 
but perfectly welded together. Good wrought-iron is thus 
nearly pure iron in which the original droplets of slag are 
rolled out into fibres; hence wrought-iron breaks with a fibrous 

• “Nickel Cast-iron for Engineers”—Publication No. B 27«-—The Bureau of 
Infonnation on Nickel. 

f Notes summarised partly from Wrought-iron and MaTleoibU Caot-Inmt by 
B. 0. Tuokor. 
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Table 8.* 
PhyBioal Properties of Crankshaft Cast-irons. 

Property. 
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Composition, per cent.— 
Carbon (total) 0'32 1-66 2-76 3-28 3*36 

„ (graphitic) 2*47 2-39 
Silicon.... b-23 1*16 1*69 2-19 1-22 
Manganese . 0*88 0-44 0-88 0-96 0-92 
Sulphur 0-04 0-05 0-07 0-10 0-11 
Phosphorus . 0-03 0-07 0-08 0-17 0*12 
Nickel .... 2*42 trace 1-87 
Chromium . 0-49 0-46 0*42 0-47 
Molybdenum. 0-38 0-29 0-96 
Copper. 013 i-76 

Brinell hardness number . 260 260 246 280 265 

Izod impact, ft.-lba. . 24-8 1*2 1*5 0-8 0*4 

Tensile properties— 
Ultimate strength, tons/ 62-3 32-3 23-3 20-8 18>8 

sq. inch. 
Eelative ult. strength, 100 62 45 40 36 

per cent. 
Elongation, per cent. 10-0 0-2 04 0>8 0*8 
Modulus, lb8./8q. in. x 10~* 29-3 26-8 21-7 20-1 18-7 

Fatigue properties (c)— 
Fatigue limit, tons/sq. in. ±26-6 ±18-2 ±12*9 ±10-8 ±10-6 

(cycles of reversed 
bending stress). 

Eatio to tensile strength 0-61 0-66 0-66 0-62 0-66 
Eelative values of ratio, 100 111 109 102 111 

per cent. 1 

(a) Steel billet annealed at 860* 0. (1676® P.) ; test-pieces cut and oil-quenched 
from 860® 0. (1660® P.), and tempered at 660^ 0. (1200® F.). 

(b) Heated to 900® 0. (1660® F.) for 20 minutes, air-cooled to 660® 0. (1200® F.), 
re-heated to 760® 0. (1400® P.) for 60 minutes, furnace-cooled to 640® 0. (1000® F.), 
and thence in air. 

(e) Using the N.P.L. **combined stress fatigue testing machine.'* 

fracture. The amount of slag (ferrous silicate) is very small, 
but it is a characteristic feature of this metal, and makes it 
sli^tly stronger in its length than across the fibre. 

The pig-iron used is called “forge iron,” and is intermediate 
between the hard mottled irons and the grey soft irons generally 
used for making cast-iron castings. The carbon and silicon con¬ 
tents must be such that the process of puddling just eliminates 

* H. Jt. Ctoiwh and E. Y. Pollard, "Propertleg of Some Materials for Cast 
(kaakriiafto,” Proc, vol xacri. (im), p. 831. 
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them without too much burning of the iron itself. Moreover, 
since phosphorus and sulphur are both deleterious, these elements 
must not be over specified amounts. In wrought-iron excess 
silicon, not removed, gives hard and brittle metal. Wrought- 
iron should contain less than 0-35 per cent, silicon. Phosphorus, 
similarly, should be less than 0*25 per cent. Sulphur makes 
the wrought-iron brittle at welding temperatures (red short), 
and should be less than 0*03 per cent. 

Many cheap varieties of “wrought-iron** have been made by 
enclosing mild steel bars, containing considerable quantities of 
manganese, in the presence of slag, between wrought-iron plates 
and hot-rolling the whole mass to give a coherent “wrought- 
iron** plate. The material is, however, by no means as satis¬ 
factory, partly due to its lack of ductility, and has probably been 
responsible for the supposed deterioration in the quality of 
genuine wrought-iron. Consequently, material should not be 
regarded as good wrought-iron if it contains manganese in excess 
of 0*15 per cent. 

The excellence of wrought-iron depends on its easy and reliable 
weldability, its good toughness and ductility. Typical tests 
show a tensile strength of 22-24 tons per sq. inch and 10-25 
per cent, elongation. Wrought-iron should pull out or extend 
if it is overloaded, and thus give warning before failure occurs. 
It is the best material for chains and hooks for heavy duty. It 
is better in ductility than even the best black-heart malleable iron, 
as a comparison of the properties of the malleable irons shows. 

White-heart. Black-heart. Wrought- 
iron. MUd Steel. 

Structure. 
Iron-l- 

Pearlite. 

Iron-f- 
Temper 

Carbon + 
some 

Pearllte. 

Iron + 
Slag 

Filaments. 

Iron 4- 
Pearllte. 

Tensile strength, 
tons/sq. inch. 

19-29 16-26 23 26-36 

Elongation, per 
cent. 

6-2 15-41 26 36-30 

Reduction in area, 
per cent. 

6-2 16-41 40 66-60 

When it is exposed to corrosive conditions it wears away 
uniformly, whereas steel corrodes badly at some points more 
than others, and this causes pitting. The actual loss is about 
the same, but the wrought-mon ^1 last longer. In use, if 
wrought-iron is hammered cold, it becomes hard and brit^ 
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80 that chains and hooka exposed to shocks should be periodically 
annealed at a bright heat, to recrystallise the metal that has been 
hardened by the “cold work.” 

Wrought-iron, by its laborious method of manufacture, is 
very expensive, and has been ousted by the cheaper mild steel 
from many of its original applications. Its peculiar properties, 
however, give it a place which substitutes cannot fill. In fact, 
a new process has been developed by an American company for 
“synthesising” wrought-iron from an artificial mixture of 
molten “dead mild” steel and fluid silicate slag. This material 
is quite as good as genuine puddled iron, and is cheaper to make, 
and it meets the best American specifications for wrought-iron 
for naval requirements. 

Steel.—About four-fifths of the pig-iron produced goes to 
the manufacture of steels. Pig-iron is refined to steel by various 
methods, all having the common feature that the impurities are 
oxidised away in the molten condition and liquid steel is left, 
providing the complete elimination of the slag, a contrast with 
WTOught-iron. Further, after the iron is thus purified, controlled 
quantities of useful carbon, etc., are added to give the desired 
strength and hardness. Thus steel is really an alloy of purified 
iron and carbon, with which the iron combines. In good steel 
the amount of the sulphur and phosphorus impurities left should 
not exceed 0 05 per cent. 

The first steel was made by strongly heating wrought-iron 
while surrounded with carbon, whereby cementation occurred 
and the iron absorbed some of the carbon. Several of these 
slabs were then welded together and the composite block reduced 
to any desired size by hot forging, giving what is called shear 
steel, a material which is very little made now. The cemented 
bars may also be melted in crucibles, adding more ingredients 
if necessary, and cast into ingots, called cast steel. These may 
be rolled hot into small sections, also called cast steel, but as 
they are mainly used for cutting tools, tool steel is a better name, 
as many other grades of steel are used for casting purposes 
nowadays. It is a high-grade product, clean, and uniform in 
carbon content. 

Modern structural steels, however, are made on a much larger 
scale, in either the Bessemer converter or the open-hearth 
(Siemens-Martin) furnace. Each of these may use either an 
acid or basic refractory lining for the furnace, according to the 
type of pig being melted, and this gives the so-called acid and 
basic steels. Basic linings are becoming the more popular, as 
the bv-product idag is useful for fertilising, but acid open-hearth 
steel has been regarded as the best grade of them all. 

Bessemer sled is made by pouring melted pig-iron into a vessel 
called a converter, through which a blast of air is then blown. 
By this means the carbon and other impurities are burnt away 

M 
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and comparatively pure iron remains. To this may be added 
the necessary quantities of carbon, silicon, and manganese, in 
various forms, and the molten steel cast into ingots or into 
prepared moulds in the foundry. 

Open-hearth steel is made by melting pig-iron, together with 
up to 60 per cent, of steel scrap, in the shallow hearth of a 
reverberatory furnace fired by producer gas, and the impurities 
are oxidised away as before, but from the surface of the bath, 
which therefore takes much longer. The composition of the steel is 
adjusted as before,and the metal is cast into large ingotsfor forging. 

In addition to these methods there are the two newer electrical 
melting furnaces, of the arc and the high frequency induction 
types, used mainly for obtaining the very high temperatures 
necessary for making steels of high alloy content, e.g. stainless, 
high-speed, etc. The high-frequency furnace is now ten years old 
industrially, has almost superseded the older crucible melting 
plant, and gives far better control over the cleanliness and 
thorough mixing of the alloy steels. 

Strength of Steel.—Pure iron is a soft and ductile metal. As 
the carbon content gradually increases so that the iron becomes 
first mild steel, then medium carbon steel, and finally high carbon 
steel, its tensile strength gradually increases also, reaching a 
maximum of about 66 tons per sq. inch at 0-9 per cent, carbon. 
The hardness goes up continuously with the percentage of com¬ 
bined carbon, whilst the percentage elongation falls steadily, as 
the following figures for high-grade normalised steels show:— 

Approximate Physical Properties. 

Carbon. 
Per Cent. 

Condition. Tons/Sq. In. 
Elonga- Brinell 

tlon. Hardness 

Yield. Ulti¬ 
mate. 

Per Cent. Number. 

Pure iron Annealed 13 20 40 96 
0-16 Nonnalifled at 880® 0. 16 24 36 120 
0-26 „ „ 850®O. 18 SO 32 146 
0-36 „ „ 830® 0. 23 86 28 170 
0-45 „ „ 830®O. 80 42 26 196 
0*56 „ „ 820®O. 32 47 23 220 

With higher carbon contents approaching 1 per cent., the steel 
is not only hard but has become almost devoid of elongatioUf 
».e. is brittle. Structural steels are therefore limited to the lower 
carbon varieties, and typical uses of the various grades are shown 
in Table 4. 
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Table 4. 

Typical Applicationa of Carbon Steels. 

Carbon. 
Per Cent. 

Approxi¬ 
mate 

Tensile 
Strength. 

Tons/Sq. In. 

Use. 

Below 0*1 20-25 Tinplate, galvanised iron. 
•10- -18 24-28 Boiler plates, ships’ plates. 

general, case-hardening for 
gear wheels, cams (hard 

Mild case, tough core). 
steels •15- -25 26-32 Structural for buildings, 
(good for^ bridges, general engineer- 
welding) ing purposes, crank axles. 

shafting. 
•25- -35 32-38 Turbine rotor shafts, hy- 

draulio cylinders, rams. 
spindles, marine shafts. 

f •35- -45 35^5 Railway and tramway axles. 
rails, turbine discs, crank- 

Medium pins, connecting-rods. 
carbon •45- -56 45-55 Steel mill rolls, gear wheels, 

rifle barrels, gun parts, 
shelb. 

r •55- -65 50-60 Wheel tyres, die blocks. 
gears, mandrels. 

•65- -76 60-70 Crusher rolls, hammers. 
High 

1 
general tools. 

carbon •76- -85 60-70 Ball mill parts, hand chisels. 
(tool scissors. 
steels) •85-1*0 60-70 Taps, drills, dies, ball races. 

wood tools. 

1 
o

 55-65 Tools, drills, razors, wire 
dies, pens. 

It is not only the carbon content, however, that determines 
the strength of a steel, because by adopting various heat-treat¬ 
ments any one steel can be put into a number of different con¬ 
ditions, each showing its own combination of strength, toughness, 
etc. For instance, if a carbon steel be heated to a good red-heat 
(suitable to its composition) and quenched in water, it will become 
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very hard, probably brittle, and may be cracked or distorted. 
Less drastic cooling may be obtained by oil-quenching, with 
correspondingly less severe results. Slow cooling in the furnace, 
or in still air, on the other hand, will soften the material. Gentle 
heating after quenching can be used to remove the brittleness 
and make the metal tough while still being very hard; this is 
called tempering (or in America, “drawing”). Some typical 
contrasting properties are shown in Tables 5 and 6. 

Table 5.* 

Effect of Various Heat-treatments on Carbon Steels. 

&rbon.| _ _ _ _ ! _ „ I 1. I _ I _ I T~| 
Per 

Gent. 
Heat-treatment. B.H. Y.P. M.S. B.%. R.% Izod. 

0*06 norm, at 920° C. 121 19 26 41 71 32 
w.q. at 920° C. 167 35 30 67 61 
o.q. at 920° C. 137 30 35 69 90 

0-20 norm, at 900° C. 167 24 36 34 60 82 
w.q. at 900° C., 241 52 18 46 33 
and t. at: 300° C. 223 48 20 62 33 

400° C. 49 20 62 45 
600° C. 217 35 46 23 67 61 
600° C. 212 34 44 25 63 79 

0-45 norm, at 870° C, 102 27 44 27 54 31 
w.q. at 870° 0., 321 ,, 67 12 28 14 
and t. at: 300° C. 311 65 15 38 16 

400° C. 302 46 64 17 47 19 
600° C. 277 42 59 21 65 34 
600° C. 235 36 52 26 62 48 
700° C. 207 31 45 28 67 69 

0-55 ann. at 700° C. .. 24 35 30 
norm, at 820° C. 
o.q. at 850° 0., 

•• 32 48 26 •• •• 

and t. at 400° C. •• 75 80 8 •• •• 

B.H. = Brinell hardness. norm. = normalised. 
Y.P. = yield point, tons/sq. inch. ann. = annealed. 
M.8. = maximum stress, tons/sq. inch. w.q. = water-quenched. 
E.% = elongation, per cent. o.q. = oil-quenched. 
R.% = reduction in area, per cent. t. = tempered. 
Izod = energy absorbed in ft.-lbs. 

* Kainly from A-utomobUe Steel Besearoh Beport of the 1.A.II., 1990* 
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Table 6.* 

Effect of Heat-treatment on some Alloy Steels. 

(Jompoai- 
tioii. Per 

Cent. 
Heat-treatment. B.H. Y.P. M.S. B.%. R.%. Izod. i 

Oasc-lianlenmg. 
0 0-16 norm, at 880" 0. 143 24 32 37 69 96 
Ni 2-6 w.q. at 880" 0., 

and t. at G00° 0. 179 30 38 31 75 115 

0 ()-07 norm, at 860° 0. 143 26 31 39 72 104 
Ni 6-1 w.q. at 860° 0., 

and t. at 600° 0. 163 29 34 36 77 114 
o.q. at 860° 0.. 

and t. at 600° 0. 169 28 32 38 77 116 

3^ Per Oent. Nickel. 
0 0-37 norm, at 860° 0. 196 27 44 28 66 36 
Ni 3-66 w.q. at 860° 0., 644 124 9 25 4 

and t. at; 400° 0. 340 67 75 16 66 8 
600° 0. 286 64 61 21 61 62 
600° 0. 248 45 63 25 63 72 
650° 0. 228 39 48 28 66 81 

o.q. at 860° 0., 495 116 10 6 
and t. at: 600° 0. 293 64 63 20 60 50 

650° 0. 235 40 49 27 66 82 

li Per Oent. Nickel-chrome. 
Ni 1-62 norm, at 850° 0. 174 29 40 33 66 74 
Or 0'80 w.q. at 850° 0., 
0 0-28 and t. at; 500° 0. 802 56 64 18 68 60 

650° 0. 229 40 47 27 69 93 
o.q. at 860° 0., 302 64 16 34 17 

and t, at: 400° 0. 291 60 17 61 32 
600° 0. 262 44 64 21 62 70 
600° 0. 223 37 46 27 68 90 
650° 0. 212 36 44 29 70 93 

3 Per Oent. Nickel-chrome. 
Ni 3-27 norm, at 820° 0. 341 76 1 6 
Or 0-82 o.q. at 820° 0., 496 116 14 37 11 
0 0-31 and t. at: 400° 0. 388 76 85 16 64 8 

600° 0. 331 66 71 19 56 28 
600° 0. 286 64 60 22 62 69 
650° 0. 269 48 67 24 65 74 

A ir-hardATiing^ 

Ni 3-70 air-hardened from 
Or 1-42 860° 0. 477 116 13 40 18 
0 0-32 „ from 820° 0., 477 114 11 39 17 

and t. at: 400° 0. 418 80 90 14 62 14 
600° 0. 351 67 74 18 66 34 
660° 0. 262 46 66 25 67 83 

o.q. at 820° 0., 
and t. at: 400° 0. 418 87 91 13 52 17 

600° 0. 364 71 78 16 66 37 
660° 0. 262 47 67 24 67 86 

* Mainly from Automobile Steel Eeeearob Beport ot the 1920. 
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The effects of heat-treatment become more pronounced with 
the higher carbon contents, as is seen with the 0*55 per cent, 
carbon steel, whose tensile strength of only 36 tons per sq. inch in 
the fully softened condition may be raised to 80 tons per sq. inch 
by suitable treatment. Another method of increasing the 
tensile strength is by cold-working, such as rolling or drawing 
through a die; and hence great strength may be induced in 
wires, such as piano wire, by selected combinations of drawing 
and heat-treatment, t.g. 

Spring Wire. 
0*7 per Cent. Oarbon. 

Yield 
Point. 

Tons/Sq. In. 

Maximum 
Stress. 

Tons/Sq. In. 

Elongation. 
Per Cent, 
on 10 In. 

Reduction 
in Area. 

Per Cent. 

Hard-drawn 62 103 2 30 
Patented . 44*6 69 7 40 
Annealed . 24*5 49 10 65 
Oil-quenched and j 

tempered 84*5 106 3 40 

Case-hardening is an application of the cementation process 
of making steel. If a mild steel article, after it is machined 
and finished, be heated in contact with substances rich in carbon, 
the iron at the surface will be converted into steel, which may 
be hardened by quenching in water, so as to produce a wear- 
resisting surface. In addition to solid carburising mixtures, 
molten cyanides are now also used, or the articles may be heated 
in a gas mixture which contains carbon monoxide. In all cases 
the carbon content of the surface reaches 0*9 to 1*0 per cent., 
and is therefore capable of developing full hardness in the later 
heat-treatment, while at the same time the lower carbon centre 
is put into a tough condition to resist shocks. 

A newer kind of hard case is made by allowing active nitrogen, 
derived from ammonia gaa, to penetrate the surface of the steel. 
This is called nitriding^ and was formerly applicable only to cer¬ 
tain patented alloy steels, but it is now finding wider use. It is 
also applicable to certain cast-irons. The case is much harder, 
equivalent to 900-1000 Brinell, thinner and more resistant than 
the carbon case, and no after-treatment is necessary. The pro¬ 
cess is advantageous in many ways but is somewhat more costly. 
Fig. 1* shows results produced by different hardening processes. 

Alloy Steels.—The addition of small amounts of other elements 
to carbon steels is now very commonly used to produce materials 
of greater all-round strength than can conveniently be obtained 
with plain carbon steels; e.g. IJ, 3, or 6 per cent, of nickel, with 

* **Nickel Alloys in Aeronaaticftl Engineering**—PabUoation No« U27^ 
Ute Biueaa of XnformaUon on NiokeL 
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or without i or 1 per cent, of chromium, are quite usual in 
engineering steels. Often a combination of desirable properties 
is attainable with low alloy steels which is not possible with 
carbon steel. These steels respond to heat-treatment in a similar 
way to the carbon steels (each composition requiring its own 
peculiar temperatures), but in general the alloy additions ease 
the rate at which the internal alterations occur, so that hardening 
may be produced by oil-cooling or even air-cooling instead of 

DEPTH BELOW SURFACE (IN THOUSANDTHS OF AN INCH). 

Pio. 1. 

•rater-quenching. Thus with suitable amounts of nickel and 
chromium, or other elements, there are the oil-hardening and 
the air-hardening types of steel. Furthermore, this more gentle 
rate of internal change eliminates the distortion and cracking 
so liable to occur with plain steels, and gives more uniform 
hardness throughout thicker sections. Similarly, where ordinary 
c^e-hardening steels do not provide a strong enough core, low 
nickel additions may be used to give greater strength. Table 6 
gives the properties of typiccd steels of these khids and the 
effects of some heat-treatments on them, while Table 7 gives 
a fuller list of commercial steels. In general, nickel may be 



T
ab

le
 7

.—
^B

an
g
e 

o
f 

S
tr

u
c
tu

ra
l 

E
le

c
tr

ic
 S

te
el

s 
S

u
it

a
b
le
 f

o
r 

A
u
to

m
o
b
il

es
, 

A
er

o
 
E

n
g
in

e
s,
 

a
n
d
 A

ir
cr

af
t.

 

{S
am

u
el

 F
o
x
 d

s 
G

o.
, 

L
td

.,
 a

ss
o

ci
at

ed
 w

it
h
 T

h
e 

U
n
it

ed
 S

te
el

 C
o
m

p
an

ie
s 

L
td

.,
 S

he
ff

ie
ld

.)
 



STEEL 361 

regarded as a strengthener, whereas chromium, in small amounts, 
is primarily a hardener. Like most alloying additions, they 
both also give a finer grain to the steel. Other small additions 
may be employed for many reasons: to assist in the melting and 
casting procedure, to ensure soundness and a cleaner steel, to 
improve resistance to shock or promote greater elastic properties. 
For instance, up to i per cent, molybdenum markedly improves 
fatigue properties, amongst other benefits, and a like quantity 
of vanadium will often be put into spring steels, while copper 
is found to generate be^^ter weather-resistance. 

Since the properties of steels can be altered by heat-treating, 
it follows that they cannot maintain their full strength if used 
under conditions where they get hot, as in steam plants. In the 
range 350°-500° C. (665^-930° F.) carbon steels lose almost all 
their tensile strength, but some alloy steels are much less affected. 
Notable among these resistant steels are some combinations of 
molybdenum and chromium; molybdenum also counteracts 
the embrittlement to which many other steels are liable when 
heated for long periods in the 350°-500° C. range. “Durehete” 
is a steel of this type, and the effect of high-temperature tempering 
on bars (IJ in. dia.) which have been oil-hardened from 840°- 
860° C. is as follows :—* 

Tempering 
Temperature, 

®0. 

Maximum 
Stress. 

Tons/Sq. in. 

Yield 
Point. 

Tons/Sq. In. 

Elongation, 
Per Cent, 
on 2 In. 

Reduction 
of Area. 

Per Cent. 

Izod 
Impact. 
Pt.-lbs. 

600 90-5 84-0 11-6 24 27 
600 74-3 69-3 17'5 62 47 
650 64-8 580 20-5 56 63 
700 641 47-7 230 59 70 

These figures are not maintained, of course, if the steel be held 
at the temperature for long periods, but gradually fall away. 
The stress which the metal will stand is a more useful figure, 
and on the Barr-Bardgett creep testing machine it is possible 
to furnish results approximating closely to safe working stresses, 
that is, stresses which will produce negligible initial deformation, 
and permanence of dimensions for long life. As seen from the 
table *f on p. 362, the molybdenum steels are far superior to carbon 
steel; but the higher chromium contents are not so effective 
as the lower. Work on the choice of the best creep-resisting 
steels is still going on. 

* Samuel Fox & Co., Ltd., associated with The United Steel Companies Ltd. 
t AMoy Metals Review, June 1938. Beview of paper on “Special Steels in 

Engineering and Shipbuilding,” by Dr T. Swindon. 
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Safe 
Type of Steel. Condition. Tested at Working 

Stress. 
Tons/8q. In. 

®0. ®F. 
Mild steel, 0 12 Normalised, 910° C. 500 (930) M 

per cent. C. 
J per cent. Mo. Annealed, 910° C. 500 (930) 2-5 
1 per cent. Mo, Normalised, 910° C. 510 (950) 3-5 

1 per cent. Cr. 
J per cent. Mo, / 

6 per cent, Cr\ 
Air-cooled, 950° C.\ 

, 750°C./ 
500 (930) 1-6 

To obtain other specific properties, larger additions of special 
elements are employed, usually with one element predominating, 
and these produce steels which behave quite differently from 
ordinary steels, so that their heat-treatment must always follow 
the instructions supplied by their particular maker. For 
instance, stainless steels of the hardenable cutlery variety 
contain 13 per cent, of chromium, and the non-magnetic, 
austenitic varieties, including the “Staybrite” range, have 18 per 
cent, chromium and 8 per cent, nickel; high-speed steels contain 
around 19 per cent, tungsten, and permanent magnet steels 
may have up to 35 per cent, cobalt, though these latter are being 
rivalled by the newer nickel-aluminium magnet steels. Manganese 
in proportions of 12-13 per cent, has long been used to provide 
exceptional resistance to wear, as in rail and tramway crossings; 
for heat-resistance, chromium and silicon additions are made, as 
shown in Table 8. 

Steels for exhaust valves supply an example of the special 
application of alloying elements, because in this field the con¬ 
ditions are severe and the metal must possess a combination of 
properties which it has been hard to obtain. The table on p. 364 * 
shows the hot and cold strengths of various steels whi^ have 
been used for valves, and it is seen that the high nickel-ohromium 
steels are vastly superior. This type of steel, being austenitic, 
is not susceptible to hardening (and consequent eniorittlement) 
on overheating, as may be the case with steels used previously. 
In other words, it has that important attribute, permanence of 
properties after many re-heatings. The nickel content varies 
from 8 to 30 per cent., and the oimomium from 12 to 26 per cent. 
Silicon up to 2 per cent, has been found to improve still further 
the resistance to oxidation, and the presence of tungsten up to 
4 per cent, improves the hot strength. Thus at the present 
time the heat-resisting nickel-chromium steels containing silicon 

• NUkA BuUetint February lS87t 
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and tungsten provide a material which is not only the strongest 
available, but also the one with the best resistance to oxidation. 

Steel. 

Maximum 
Stress, 

Tons/Sq. In. 

Izod 
Impact. 
Ft.-lbs. 

Maximum Stress. 
Tons/Sq. In. 

At 20° 0. At 20° 0. At 750“ 0. At 860° 0. 

3 per cent, nickel-chromium 66-5 66 11-2 6-9 
High-speed steel (19 per cent. i 61 6 16-8 7'7 

tungsten). 
Stainless steel (13 per cent. 48-3 60 8-0 6-6 

chromium). 
Ohi'omium steel (10 per cent. 51 28 13-0 7‘2 

chromium). 
Silicon - chromium - tungsten 63 9 17-8 7-2 

(mm- 
Oobalt-chromium (4/13) 68 4 13-6 6-8 
High nickel-chromium 

1_ 

68 65 28-6 19-4 

The subject of alloy steels is far too large to be dealt with in a 
few lines, and further reference should be made to fuller accounts.* 
It may be mentioned, however, that alloy steels should not be 
welded without a full knowledge of the material, as they may 
not respond well to this treatment. Special grades of some steels, 
e.g. stainless, are available for welding purposes. 

Non-ferrous Alloys. 

Copper.—Pure copper is a soft and ductile metal, and it has 
its greatest electrical conductivity in the pure state. Conduc¬ 
tivity copper for cables is therefore over 99*9 per cent, copper. 
This material in the annealed condition has a tensile strength of 
only about 14 tons per sq. inch, with a very low yield and high 
elongation. By sufficient cold-working the tensile strength may 
be nearly doubled, but in this condition the metal is naturally 
more sensitive to local overworking, e.g. bending. It may be 
softened by annealing above 350° C. The electrical and thermal 
conductivity of copper are both reduced by alloying, but this 
loss may be more than balanced by improvement in other pro¬ 
perties. The reduction caused by silicon is not so serious as 
with most other additions, and the presence of up to 0*2 per cent, 
silicon is acceptable in the copper for telegraph and telephone wires 
on account of the marked improvement, about 60 per cent., which 

* See Simons and Gregory, The Structure of Steely 1988, Blaolde ft Son, Zitd., 
fora simple aoooont of imoy steels. 
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it produces in tfee tensile strength. The addition of J per cent, 
of arsenic reduces the conductivity by more than 50 per cent., 
but slightly increases tensile strength, resistance to fatigue, and 
helps the metal to retain its strength at elevated temperatures 
and to resist oxidation. Hence, this arsenical copper is used 
for fireboxes, boiler tubes, stay bolts, rivets, etc. The oxygen 
content, usually between 0*05 and 0*1 per cent., must be carefully 
controlled in these alloys if good mechanical properties are to be 
obtained. It should be possible to hot-forge a bar until it is flat, 
cool it in water, and then double it back and flatten it on itself 
without any cracks appearing at the bend. 

Alloys of Copper.—The mechanical weakness of copper is 
overcome by alloying, and the alloys may be endowed with a 
wide range of properties by varying their composition and the 
mechanical and heat treatment to which they are subjected. 
Hence, they rank next to steel in importance to the engineer. 

Copper can dissolve a certain amount of most elements and 
still retain its own simple structure, but above a certain limit 
the structure becomes duplex. Thus in all copper alloy series 
there is a division between those which behave like copper and 
can be cold-worked, and those more complicated alloys, harder 
and stronger, which can only be worked hot. Alloys of copper 
and zinc are brasses; those of copper and tin are bronzes. 

Brasses.—Up to about 36 per cent, zinc added to copper 
provides a long range of ductile alloys, whose tensile strength 
gradually increases with zinc content, and which will withstand 
a very great amount of deformation before cracking. The brass 
called WjSOf i.e. 70 per cent, copper and 30 per cent, zinc, or 
cartridge brass, is typical of this series, and it is eminently 
suitable for rolling, pressing, and spinning operations. When it 
becomes hardened with work it may be annealed at 550®~600° C. 
under carefully controlled conditions, whereby it becomes 
softened again. The properties of this alloy are; 

Material. 
Yield 
Point. 

Tons/Sq. In. 

Msurimum 
Stress. 

Tons/Sq. In. 

Elonga¬ 
tion. 

Per Cent. 

Brinell 
Hardness 
Number. 

Cartridge brass: 
Chill castings 6 16 60-70 60 
Hard-rolled sheet >20 30-40 10-15 150-200 
Annealed sheet . 6 20-23 65-70 60 

Fig. 2 * shows the effect of cold work, as represented by per¬ 
centage reduction in thickness, on the mechanical properties 
of 70/30 brass, and the curves are similar for all alloys of this 

TOh ji* ^34^ “Copper and its AHojvin Automobile Design,** Froc. I.A.S., 
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type. No metal should be put into service in too highly a stres^d 
condition. This is particularly so in the case of brasses, which 
are liable to develop spontaneous “season cracking” during 

PERCENTAGE RED»*- IN THICKNESS. 

Fig. 2. 

service; but this may be obviated by heating for i hour at 270®- 
280® C., a treatment which relieves the internal stress (the cause 
of the cracking) without losing strength or hardness. Table 9 
shows the effect of increasing temperatures on drawn brasses. 

Table 9.* 
Effect of Temperature on Brasses. 

Admiralty Brass Tube. 
Maximum 

Stress. 
Tons/Sq. In. 

Elongation. 
Per Cent. 

As drawn 41-86 9 
Reheated to 160® C. 41-9 8 

„ „ 250” C. 41-78 10 
„ „ 270® C. 36-64 16 
„ „ 280® C. 36-62 18 
„ „ 290® C. 35-47 19 
„ „ 300° C. 27-48 48 
„ „ 350° C. 26-57 67 
„ „ 450° C. 24-41 63 
„ „ 550° C. 21-63 74 
„ „ 660° C. 20-81 79 

* Aitohison and Barolay, Snffintxring Nm-femma MekUa and Alhys, Oxford 
’UuiTeiBity Press. 
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Table 9* (continued). 

Naval Brai^. Method of 
Cooling. 

Maximum 
Stress. 

Tons/8q. In. 

Elongation. 
Per Cent. 

Annealed for 30 min. 
at— 

460^ C. Quenched 29-18 20 
476° C. 28-74 31 
600° C. 27-70 47 
660° C. Slowly 27-86 31 
660° C. Quenched 28-40 36 
600° C. Slowly 24-02 39 
600° C. Quenched 24-44 57 
700° C. Slowly 25-10 41 
700° C. Quenched 25-66 ! 61 

The ductility may be seriously impaired by certain impurities, 
and for this rea^son the specification for cartridge brass places 
the limit at 0*05 per cent, for lead and at 0-006 per cent, for 
bismuth. 

With as much as 40 per cent, zinc, the solution limit mentioned 
on p. 365 is passed. This alloy is harder and stronger, and can 

PER CENT ZINC 

Fia. 8. 

only be hot-worked. Fig. 3 shows the sudden increase in tensile 
strength which occurs with zinc contents in this region, and 
Muntz metal or 60ji0 brass is typical of this kind of braes. It 
will be noticed toat with still nigher zinc contents both the 

* Altohlson and Barclay, Sn^tuerinff Sw-ferrsv* Metals and Alloys^ Oifoid 
TJnbarsity Proas. 
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tensile and elongation figures drop very suddfnly, and these 
alloys are therefore not of engineering use. In order to take 
advantage of this peak in the curve, the alloys in this range are 
made very carefully with accurate compositior. 

Typical properties of Muntz metal are: 

Material. 
Proof 
Stress. 

Tons/Sq. In. 

Maximum 
Stress. 

Tons/Sq. In. 

Elonga- 
tion. 

Per Cent. 

Brinell 
nardneaa 
Number. 

Muntz metal: 
Hot-rolled and 14-8 25-8 48-5 116 

cold-drawn. 
Extruded and 21-6 28-5 310 126 

cold-drawn. 
Extruded and IM 27-6 33-5 116 

rolled. 

Many other alloying elements are added to both the 70/30 and 
60/40 kinds of brass, for various reasons, and the varieties and 
trade names are legion. For instance, 1 per cent, tin assists 
resistance to sea-water corrosion, and when added to the 70/30 
alloy gives Admiralty hrass^ or to 60/40 gives Naval brass. The 
latter is widely used for marine and engineering castings. 
Similarly, up to 2 per cent, of aluminium is often added to con¬ 
denser-tube brass to resist corrosion. 

Free^machining, or leaded, brasses are of the 60/40 type, con¬ 
taining up to 3 per cent, of lead, and are particularly suitable for 
hot extrusion into lengths of rod to be machined later on auto¬ 
matic lathes, for such products as screws, nuts, and small instru¬ 
ment parts. The lead provides ease of maohdning, but at the 
sacrifice of other mechanical properties. 

Extruded leaded brass (58 per cent, copper, 2 per cent, load) 
has a yield point of 12 and maximum stress of 26-5 tons per sq. 
inch, with an elongation of 28 per cent. 

The 60/40 brasses are frequently strengthened by additions of 
small percentages of such elements as manganese, aluminium, 
iron, tin, nickel, and silicon, to a total of about 4 per cent,, and 
are then called high-tensile brasses. Those containing manganese, 
though really manganese brasses, are usually incorrectly termed 
manganese-bronzes. A typical manganese-bronze * in extruded or 
hot-rolled form has a tensile strength of about 36 tons per sq. 
inch, with 22 per cent, elongation and proof stress (0*16 per cent.) 

• D. P. 0. Neave, “Copper and its Alloys la Automobile Deelgn,” JProe. 
Tol. zxzi. p. 624. 
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of 17 tons per sq. inch. Manganese-bronze can be hot-stamped 
and extruded easily, and is used for bushes, pinions, etc. It 
is also used in the cast condition, especially for propellers. 
Manganese is beneficial first of all as a deoxidant, giving clean 
and sound castings, but to obtain its maximum benefit about 
1 per cent, excess manganese should be left in the final metal. 
Aluminium in conjunction with manganese gives a greater im¬ 
provement, and nickel additions give a still higher combination 
of physical properties which make the brass especially resistant 
to erosive action. This is particularly necessary in marine pro¬ 
pellers, and those elements are seen to be present in turbadium- 
bronze (Table 10), which was used for the propellers of the Quern 
Mary. 

Delta metal is another excellent brass of the 60/40 type. Its 
chief alloying ingredient is iron, up to 3 per cent., but nowadays 
it may also contain small amounts of manganese or other ele¬ 
ments. It develops a strength of over 30 tons per sq. inch after 
being extruded or hot-worked above 550'^ C., and is also con¬ 
siderably resistant to corrosion, so that it may be used to replace 
mild steel under conditions where corrosion is also a considera¬ 
tion. Those alloys which contain small amounts of several added 
elements, particularly manganese, aluminium, iron, silicon, and 
nickel, seem to possess resistance to corrosion far superior to that 
of the straight brasses. Tungum is a high copper alloy of this 
type, which can actually be u.sed for certain acid pans. 

The presence of nickel in brasses and in bronzes is useful in 
giving an all-round improvement in properties, and in larger 
proportions it is especially beneficial in maintaining the strength 
at elevated temperatures. Tables 11 and 12 demonstrate these 
points. 

Bronzes.—Tin is more powerful than zinc as an alloying element 
in copper, 1 per cent, tin being roughly equivalent to 3 per 
cent. zinc. Up to 10 per cent, tin the bronzes may be cold- 
worked, but are stiffer and stronger than the corresponding 
brasses, as well as being darker in colour, more expensive, and 
somewhat more resistant to corrosion. Coinage bronze, 95 per 
cent, copper, 5 per cent, tin, is an example. To assist deoxida¬ 
tion and ensure casting sound ingots, 1-2 per cent, zinc may be 
added to these tin alloys. Admiralty gun-meial, for instance, 
has 88 per cent, copper, 10 per cent, tin, and 2 per cent, zinc, and 
is generally known as 88/10/2. With tin contents much over 10 
per cent., the alloys are harder and must be hot-worked. 

Gun-metal is used chiefly for castings, and has a yield point of 
about 11 and a maximum stress of 17 tons per sq. inch, with 12-13 
per cent, elongation on 2 inches. In the cast state it may be 
used for bearings, but if annealed and quenched from 700® C., 
the tensile strength will be raised and the elongation improved, 
but the bearing properties impaired. 
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Phosphorus is added to bronzes first as a deoxidant, and then any 
excess phosphorus left in the bronze improves the tensile strengtn 
and gives added resistance to corrosion by sea-water. With low 
alloy contents, up to 6 per cent, tin and 0*3 per cent, phosphorus, 
the alloys may be wrought into sheet and wire, with a tensile 
strength of 24 tons per sq. inch and 13 per cent, elongation. 

Cast 'phosphor-bronzes for bearings, etc.,,contain 10-13 per cent, 
tin and 0-5-1-0 per cent, phosphorus. These may also be used 
for gears. Their maximum stress should bo < 10 tons per sq. 
inch, and the elongation per cent. < 1-5, > 4. The structure of 
most bearing alloys consists of particles of a hard constituent, 
which actually resists the wear, dispersed through a matrix of 
a softer but tough material which beds down well. The 
phosphorus serves to build up the hard particles, and hence 
there must be the correct amount present. It is highly 
necessary that these particles should be not only of the right 
size but correctly distributed, and the casting technique with 
bearing materials is as important as the composition. 

Aluminium Bronzes.—These are really aluminium-copper 
alloys and have no tin content. With 7-8 per cent, aluminium 
the alloys are fairly ductile, and possess a beautiful golden colour. 
The more useful engineering alloys have 10-12 per cent, alu¬ 
minium, possibly with small amounts of other elements, and are 
remarkable for their strength and toughness. They respond to 
heat-treatment rather like steels, and also maintain their strength 
quite well as working temperatures rise in service. The 10 per 
cent, aluminium alloy has a strength of 33 tons per sq. inch at 
300° C. They are used for die-castings, pump-rods, etc., and 
even in place of steel for “non-sparking” chisels. The properties 
of the alloys are: 

Material. 

Yield 
Point. 
Tons/ 
Sq. In. 

Maximum 
Stress. 
Tons/ 

Sq. In. 

Elonga¬ 
tion. 
Per 

Cent. 

Brinell 
Hard¬ 
ness 

Number. 

Aluminium bronze: 
7 per cent, aluminium— 

Hard-rolled 38-7 39-8 17-6 195 
30 min. at 660° C. and 7*0 27-6 71 75-6 

air-cooled. 
10 per cent, aluminium— 

Chill-cast. 13-4 36*2 22-5 
Water-quenched from 19-6 43-2 1*5 .. 

900° 0. 
Quenched at 900° 0. and 17-6 386 240 1 

tempered at 660° C. 
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Silicon has a very powerful effect on copper, small percentages 
producing very tough alloys, which have also a fair resistance to 
corrosion. These may or may not have tin in them, but are all 
called silicon bronzes. They are being developed especially in 
America, and they are likely to bo of wider importance in future, 
as the silicon can be used to replace the more expensive tin. 

Nickel and copper will blend together in all proportions, giving 
a long and useful series of alloys. Nickel soon removes the 
copper colour, and cupro-nickel with 20 per cent, nickel is almost 
white. Higher up the series the colour becomes quite steel-like. 
Increasing nickel content increases the toughness of the alloys, 
their electrical resistance, corrosion resistance, and price. All the 
alloys can be worked without complications to form sheet, wire, 
and tubes. They are also suitable for hot-forging and stamping. 
The following table * shows a few of the uses of typical alloys:— 

AUoy. Nickel. 
Per Gent. 

Copper. 
Per Cent. Special Uses. 

f 10 90 Locomotive stay rods. 
16 85 Coinage alloy. 

“ Oupro-nickel as | 20 80 Ballet envelopes, drop forgings, 
commonly known \ solid drawn tubes. 

25 76 Coinage alloy, automobile radia¬ 
1 tor sheets ^not plated). 

“Conatantan” 40 60 Electrical resistance and thermo¬ 
electric work. 

“Monel motal” 66/70 30/35 Qnneral engmeering. 

The strength * of alloys of this series is: 

Nickel. 
Per Cent. 

Maximum Stress. 
Tons/Sq. In. 

Elongation. 
Per Cent. 

6 18-0 60 
10 21-6 30 
16 20 36/40 
20 23 40/46 
26 23-6 39/42 
40 30 45 

66/70 40 40 

Mond metal is a rather special alloy because it is made, not 
by melting down the pure metal ingredients together, but by 
smelting the mixed nickel-copper ore direct. It contains approxi¬ 
mately 2/3rds nickel and l/3rd copper, together with essential 

* Aitohison and Barclay, engineering Son^femut Metak and ASoyt, Ozfocd 
trnivenity Preii. 
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small quantities of iron and manganese, etc. It is resistant to 
many ohemioals, oils, salts, etc., as well as to the atmosphere, 
sea-water, and to superheated steam, and this, combined with 
its malleability and toughness, enables it to be used for a very 
wide range of engineering applications. All the nickel-copper 
alloys keep their strength reasonably well at high temperatures, 
but Monel is better than the others, having a tensile strength at 
300° C. of over 30 tons per sq. inch. 

Where nickel and zinc are added together to copper within 
certain wide limits, there is produced a range of cheaper, softer 
alloys, pale yellow or silver white, which are really a cross between 
70/30 brass and oupro-nickel. During the War their name of 
Oerman silvers was changed to nickel silvers, but, as they contain 
no silver, the more correct modern name is nickel brasses. 

The nickel content varies from 5-35 per cent. 
„ zinc „ „ „ 35-20 „ 
„ copper „ „ „ 60-45 „ 

All these alloys are of similar constitution and can be worked 
and rolled. Their strength varies from 15-25 tons per sq. inch, 
and the elongation from 45-25 per cent. They do not readily 
oxidise or corrode, and are used as the basis for electro-plated 
silver goods, and for innumerable automobile, railway, and 
shipping fittings, as well as for electrical resistance wires. 

Light Alloys.—The specific gravities of the common com¬ 
mercial metals are as follows:— 

Magnesium 1-76 Tin 7*3 Copper 8-8 
Aluminium 2’68 Steel 7*8 Nickel 8*9 
Cast-iron 7-2 Brass 8-4 Lead 11*3 
Zinc 7-2 Bronze 8*6 

Magnesium and aluminium are therefore the only common 
metals available for providing the reduction in weight so keenly 
sought in aeroplane and automobile construction. 

Aluminium and its Alloys.—Aluminium conducts electricity 
and heat well. Its specific conductivities are about 60 per cent, 
those of copper, but weight for weight it is better. It is mechani¬ 
cally a weak metal, however, its tensile strength being only 6-7 
tons per sq. inch. Therefore when making cables of aluminium 
a steel wire is incorporated to provide strength. As in the case of 
conductivity copper (p. 364), it is possible to improve the tensile 
strength without undue loss of conductivity by making small 
alloy additions, e,g, i per cent, magnesium, | per cent, silicon, 
and 4 per cent, manganese. Such an alloy may be strengthened 
also by heat-treating, and is more resistant to corrosion. 

Oommeroially pure iduminium always contains traces of iron 
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and silicon from its mode of preparation, but good quality metal 
is about 99*8 per cent, aluminium. It is largely used for sheets, 
wire, and tubes, and its mechanical properties are; 

Tensile 
Strength. 

Tons/Sq. In 

Cast . . . 6-7 
Cold-worked . . 12 
Annealed 350°-400'’ C. 6-7 

Even in the worked and annealed condition, however, it is not 
strong enough for structural purposes, and alloys have been 
developed for castings, also for producing greater strength, and 
for resistance to sea-water corrosion, these representing three 
fields where pure aluminium falls short. 

Casting alloys contain copper, and/or zinc. The alloys with 
zinc alone are more fluid than the copper alloys, but are hot- 
short. Therefore copper is added with the zinc. All these 
alloys have high contraction on setting, but alloys with about 
12 per cent, silicon flow well and have only a small con¬ 
traction, and are therefore useful for thin section castings. The 
strength of typical casting alloys is shown in Table 13. The 
12 per cent, copper (L.8) alloys have found considerable applica¬ 
tion for pistons. 

Alloys containing copper are capable of being heat-treated by 
the process known as “ age-hardoning ” to improve their strength. 
This is more effective when some magnesium and silicon are 
also present, and the process was first developed with duralumin. 
This has approximately 4 per cent, copper, and J per cent, each 
of magnesium, silicon, iron, and manganese. The treatment 
takes place in two stages: first, heating to a relatively high tem¬ 
perature (about 600° C.) to make the alloys homogeneous, and 
quenching in water to retain this condition. This is called 
“solution” or “homogenising,” and leaves the metal in a soft 
condition. Second, on keeping the alloys at room temperature 
for several days, or somewhat above room temperature for some 
hours, an internal change gradually proceeds which brings the 
alloy to its maximum strength. This is called “ageing.” It is 
inconvenient to have the metal changing while it is being handled, 
and this has been overcome in two ways: either the metal, after 
solution treatment, may be kept at a low temperature in a 
refrigerator until required, as practised with duralumin rivets, 
or different alloy compositions m^ be used so that the change 
will only occur when warmed. Duralumin is used mainly m 
the forged condition, and the surprising improvement effected 
by ageing is shown by the following figures:— 

Elongation. 
Per Cent. 

3 

40 
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Condition. 
Y.P. 
Tons/ 
Sq. ill. 

M.S. 
Tons/ 
Sq. In. 

Elonga¬ 
tion. 

Per Gent. 

Reduc¬ 
tion 

in Area, 
Per Cent. 

Jlrinell 
Hard¬ 
ness 
No. 

Air-cooled from 600° 0. 7 18 21 41 65 
Quenched in water from 

600° 0. 
7 17 20 41 63 

Quenched and aged . 16 26 20 35 98 

Y alloy is similar to duralumin, but having 4 per cent, 
copper, 1*5 per cent, magnesium, and 2 per cent, nickel. It is 
used largely for castings, but may also bo forged, and retains 
its strength above 200° C. rather better than duralumin does. 
Table 13 shows its properties when cast and heat-treated. 
Forging plus heat-treating produces a maximum stress of about 
22 tons per sq. inch, with an elongation of lo per cent. 

Table 13.* 

Aluminium Casting Alloys. 

Common 
Designa¬ 

tion. 

Nominal 
Composition 
(Kemamdcr 
Aluminium). 

Treatment. 

Minimum 
Tensile 

Strength. 
Tons/ 
Sq. In. 

Proof 
Stress 

(0-1 per 
Cent,). 
Tons/ 
Sq. In. 

Elonga¬ 
tion. 
Per 

Cent, 
on 2 In. 

B.S. 
Speci¬ 

fication 
No. 

Per Cent. 

S
an

d
 

C
as

t.
 

C
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ll
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f 

S
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C
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f -1- 
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a eg 
ce rf 
'/jO C
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C
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t.
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Y alloy Ou 3-6-4'5 
Ni 1-8-2-3 
Mg 1-2-1-7 

As cast 10 12 8-5 8-5 703 
(2 L.24) 

Heat- 
treated I 

14 18 13 14 2 704 
(L,35) 

4L.n . Cu 6-0-8-0 
Sn 1 (optional) 

As cast 7*5 9 3-6 35 1-6 3 301 
(4 L.ll) 

3L.8 . Gu 11-13 As cast 7 9 4-5 4-5 362 
(3 L.8) 

3L.6 . Zn 12-6-14-5 
Ou 2-6-3-0 

As cast 9 11 3-6 3*6 2 3 363 
(3 L.6) 

1 
Alpax 
Wilmil 

BA/40 D 

Si 100-13-0 As cast 10-6j 13 3'6 4-6 6 8 702 
(L.83) 

* The British Aluminiutn Oo., Ltd. 
t The values given in these columns are not specification requirements, but 

may be regarded as reasonable minima. 
t Six hours at 600'’-fi20** 0. and quenched. Aged at room temperature 

for five days, or boiUng water two hours. 
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A large number of age-hardening alloys have been produced 
by Messrs. Rolls-Royce, Ltd., and Messrs. High Duty Alloys, Ltd., 
and are known as the Hiduminium HR alloys. These may be 
regarded as superior alloys of the duralumin type, and they 
give rather greater strengths which are retained over a wider 
working range of temperature. They contain iron and a small 
amount of titanium for refining the grain. The heat-treated 
alloys as a class have the strength of steel, although their 
specific gravity is less than 3, and they are likely to find very 
much wider application for purely structural purposes in the 
future. The latest alloy, RR 77, provides the highest strength 
to weight ratio of any available light alloy. 

The Mechanical Properties of EE Alloys. 

Proof 
Stress 

(0-1 per 
Gent.). 
Tons/ 

Sq. In. 

Yield 
Point. 
Tons/ 

Sq. In. 

Maxi¬ 
mum 

Stress. 
Tons/ 

Sq. In. 

Elonga¬ 
tion. 
Per 

Gent. 

Reduc¬ 
tion in 
Area. 
Per 

Gent. 

Brinell 
Hard¬ 
ness 
No. 

BB 50, as cast . 7 8 14-16 7-10 12 73 
„ heat-treated 12-14 14 16 4-8 10 80 

BE 53, as cast . 12 13 14 3 4 80 
„ heat-treated 22 23 23-26 1 1-6 132-162 

! BE 56, heat-treated 21-23 22-24 27-32 16-10 14-20 126-148 

BB 69, heat-treated 19-2 21 24 8 17*8 127 

BE 77, annealed . 4-8 12-14 20-14 
1 

46-66 
Solntion-treated and 

naturally aged. 
18-21 29-32 21-16 130-140 

Solution-treated and 
artificially aged. 

28-33 33-88 16-10 160-180 

It must be remembered that the melting-point of aluminium 
is only 660° C., and therefore the whole range of temperatures 
within which its alloys may be heat-treated and used is much 
narrower than with the steels. This means, first, that the treat¬ 
ments are extremely delicate, and it is foolish for anyone to 
attempt them who has not a full knowledge of the alloy oon- 
oemed, combined with the necessary accurately controlled appa¬ 
ratus. Secondly, the alloys cannot be expected to remain staole 
at any high temperatures. One of the most popular alloys is 
BB 66, which is used in the form of tubes, channels, and imeets 
in much construotional work, e.p. Imperial Airways liners, 
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London Transport buses^ crane booms and fire brigade escapes. 
The effect of temperature on this heat-treated alloy is shown by 
the following figures:—* 

Temperature 
of Test, °0. 

Maximum 
Stress. 

Tons/Sq. In. 

Brinell Hardness 
at Test 

Temperature. 

Brinell Hardness 
after Cooling. 

Normal 290 138 
100 270 130 138 
150 25-5 120 138 
200 i 240 107 138 
250 1 20-0 80 120 
300 16-75 37 85 
350 8-50 16 66 

The effect of temperature on other alloys is demonstrated by 
the table f below, which shows the softening developed when the 
load is maintained. 

Creep Brinell Tests—Six hours, load 260 kilos at 100° 0. 
and 250° 0. 

Alloy. Heat-treatment. 

Original 
Brinell 

Hardness 
(Cold). 

Brinell 
Hardness 

after 
6 Hours. 
100® 0. 
Loaded. 

Brinell 
Hardness 

after 
6 Hours. 
260® 0. 

Loaded. 

RR 89 . Solution and pre¬ 
cipitation. 

138 121 67 

Y alloy ff » 118 104 62 
RR 63 . 99 99 142 124 69 
RR 60 . Precipitation only. 72 69 53 
8 per cent, copper . Solution and pre¬ 

cipitation. 
93 82 48 

12 per cent, zinc ^ 
2 „ copper/ 

12 „ silicon . 

Air-aged 7 days. 96 48 23 

»t »» 68 61 26 

All the aluminium alloys have relatively high thermal con¬ 
ductivity (0*39 C.G.S. units average, as compared with O il for 
steel and 0-052 for cast-iron), and this is very useful in cast pistoi^ 
and forged connecting-rods. But the expansion of the alloys is 
also rather high, and this must be allowed for in the design. The 

• *'RR 56 Aluminium Alloy—Properties, Hoat-treatment, and Uses”— 
Publication No. D 8.—The Bureau of Information on Niokel. 

t “ Nickel Alloys in Aeronautioal Engineering ”—Publication No. H 27.—The 
Sumn ttt Information on NiokoL 
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coefficients are 22-27 x 10~®per ®C., as compared with 11-15 x 10“* 
for steel and 8-14 x 10~® for cast-iron. 

The alloys normally do not resist corrosion well, and many 
processes are developed which satisfactorily treat the surface 
to produce a protective anodised fdm. Also pure aluminium 
is better than its alloys against atmospheric corrosion, and the 
pure metal may be welded and rolled on to the surfaces of an 
alloy sheet, e,g. duralumin, giving what is effectively three-ply 
metal, thus providing strength plus better corrosion resistance. 
These are termed “clad” alloys. 

For sea-water corrosion the compositions contain either 
around 12 per cent, silicon, which have already been mentioned, 
giving low expansion alloys of the Alpax type; or magnesium, 
up to 10 per cent., with other special additions. These alloys 
are strong and resistant, but do not normally respond to ageing 
treatment. 

The alloys MG 7 and RR 66 are of this class, and the casting 
alloy “ Birmabright ” has manganese in addition to the magnesium. 
The corresponding German type of alloy is the Seewasser alloy, 
which contains small amounts of antimony. 

Magnesium Alloys.—These alloys, being lighter than aluminium, 
are coming rapidly to the fore, and are likely to be extended in 
use considerably as new methods of producing magnesium metal 
are just now being exploited. The fire hazard in casting and 
machining this material is not now considered at all serious 
if reasonable precautions are taken. The alloys—commonly 
known by the German name Elektron—usually contain alu¬ 
minium, zinc, and manganese. Some of them may be heat- 
treated in a manner similar to aluminium alloys. Typical casting 
alloys are as follows:—* 

Composition, 
Per Cent. Maximum, Application. 

D.T.D. 
Bpeciflca- 

tion. 

A1 
4-5 
8-0 

3-25 

Zu 
3-5 
1-5 

1-25 

Mu 
0-4 
0-4 

0*4 

Sand castings 
Sand castings 

/ Sand and gravity die \ 
\ castings j 
f Sand, gravity, and \ 
\ pressure die castings / 

59a 
69a 

136a 

100 1-5 0*4 136a 

The 4*5 per cent, aluminium alloy has a tensile strength of 
16 tons per sq. inch with 7 per cent, elongation, and the 8 0 per 
cent, aluminium alloy may be heat-treated to give 25 tons per 
sq. inch with 10 per cent, elongation. Magnesium alloys are quit© 
commonly used for cylinder heads, crank-cases, etc. 

* Magnesium and Us Alloys^ E.M. Stationoiy Offioe, 19S7. 
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The average properties of typical wrought alloys are as 
follows:—* 

Approximate 
Composition. 

Per Cent. 
Condition. 

Maximum 
Stress. 

Tons/Sq. In. 

Elongation. 
I’er Cent. 

A1 6-6 ] 
Zn 1*5 y 
Mn 0-5 J 

Extruded 19 12 

A1 90 1 
Zn 0-6 \ 
Mn 0-3 J 

Forged . 22 12 

Mn 2-5 max. | Sheet annealed. 
Extruded rod . 

16 
16 

7 
6 

The last-named alloy with 2-5 per cent, manganese (D.T.D. 118) 
is obtainable in sheet form and is useful for fuel tanks. It may 
be welded better than the other alloys, and possesses satisfactory 
strength and ductility. “Leaded” fuels, however, may cause 
corrosion. 

Silver and cadmium have been added to magnesium alloys 
to produce greater strength. An alloy with 8-5 per cent, 
aluminium and 2-5 per cent, silver may have the following 
properties:—t 

Maximum 
Stress. 

Tons/Sq. In. 

Annealed at 350° C. for 1 hour . . 22 
Annealed at 410° C. for 2 hours and 21*8 

quenched. 
Annealed at 410° C. for 2 hours and 27-1 

aged at 175° C. for 2 days. 
Annealed at 410° C. for 2 hours and 28-7 

aged at 175° C. for 3 days. 

Magnesium alloys unfortunately lose strength at high tem¬ 
peratures even more rapidly than aluminium alloys. Attempts 
have been made to find alloys which will keep more of their 

♦ Mcmetium and Us AUoys^ H,M. Stationery Office, 1937. 
^ t L. Haughton, “Developments in Magnesium Alloys,” Proc. ItUer. Assn* 
for TeUing MatoruOs^ London, 1987. 

Elongation. 
Per Cent. 

7- 2 
8- 4 

4-8 

4*8 
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strength up to as high as 300° C. for internal combustion engine 
parts. One such attempt contains 10 per cent, cerium and about 
1’6 per cent, each of cobalt and manganese; its hot strength 
is as follows:— 

Temperature Maximum 
Stress. 

Tons/Sq. In. 

Blongation. 
of Test, «0. Per Cent. 

20 20 0 
100 16 2*4 
200 13 20 
300 7*6 152*0 

This alloy, though considerably weaker than other allo^ 
at room temperature, is better at higher temperatures. The 
silver-bearing alloy mentioned above has a strength at 300° C. 
of only 4-7 tons per sq. inch and an elongation of 60 per cent. 

As a protection against atmospheric corrosion, all magnesium 
alloys need surface treatment similar to that of the aluminium 
alloys. Treatment in chromate solutions gives the well-known 
golden finish, and in nitric acid solutions a black finish. 

White-metals.—White-metal alloys for bearings* are either 
tin base or lead base, the former type covering the range of 
Babbitt metals. The tin base are in most ways superior to the 
lead base, but are more costly. 

The hardening constituents necessary for the wear-resistance 
are provided by the presence of antimony, up to 16 per cent., 
and of copper, usually limited to 4 per cent. In the tin-base 
alloys it is desired to produce two well-defined compounds, which 
will be embedded in the softer tin-rich matrix: (a) A compound 
of tin and copper which crystallises from the molten alloy in the 
form of needles and forms a sort of network; (6) a hard compound 
of tin and antimony which separates in the form of oharacteristio 
cuboids. The melting procedure, casting temperature, etc., 
must be carefully controlled so that these two compounds are 
correctly arranged or the bearing will not wear uniformly. For 
cheaper bearings lead may be substituted for part of the tin. 
Lead-base alloys contain anything over 50 per cent, lead, and 
these are also hardened with antimony and copper. Where loads 
are not excessive and speeds are slow they are exceptionally good. 
Table 14 gives the properties of a wide range of v^te-metcds. 

Lead-base alloys have also been made with other alloy addi¬ 
tions; e.g, the (^rman BahnmetaUlf (railway axle-box taring 
metal) is lead base with 0*7 per cent, calcium, 0-6 per cent, sodium, 
and 0*04 per cent, lithium. 

* Notes taken partly from M. Melhuisb, “White-metal and Bronze Beailnfli 
from the Manolactarers’ Point of View,** Proe. yol. xxx. 

t H. N. Bassett, Bporing Metal$ md AUogs^ 1937, Mward Arnold 4 0^ 
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Other Bearing Alloys.—With the continued increase in bearing 
loads and speeds there is a constant search for new mixtures that 
will serve at higher temperatures than the lower melting-point 
white-metals. Cadmium alloys, with small amounts of silver or 
nickel, have been found satisfactory in some fields. In the nickel 
alloy * the Brinell hardness of the hard constituent is 260 and of 
the matrix 55, whilst the melting-point is 310° C. as against 230° 
C. for the tin-base alloys. The cadmium alloy also withstands 
greater crushing loads than the white-metals, but it has its own 
difficulties, because cadmium is a very volatile metal which may 
introduce casting troubles. 

Lead added to copper alloys gives a plasticity which can be 
utilised in bearings. Lead helps a bronze to resist wear, but does 
not increase its coefficient of friction. Alloys of this type, called 
lead-bronzesy contain 5-10 per cent, tin, 8-10 per cent, lead, and 
up to 0-5 per cent, phosphorus for deoxidation. 

Higher lead contents, around 30 per cent., are also used with 
copper, and the alloys are called plastic bronzes even though they 
may contain no tin. Lead and copper do not alloy together but 
remain as two separate metals, t.e. the mixture is a mechanical 
one with the lead dispersed throughout the copper. Hence it 
is difficult to prevent segregation of the lead occurring, and the 
bearings must be specially cast as a thin lining on a steel shell. 
One satisfactory composition t used on crankshaft and other 
driving-shaft bearings is: 

Copper 69-74 per cent. Iron 0--26 per cent. 
Lead 26-31 ,, Nickel 0--1 ,, 
Silver 1*5 per cent. max. Tin 0—15 „ 

Tin may be added up to 6 per cent., and this forms genuine 
bronze with the copper, but this harder material is likely to wear 
the shaft away unless this is made of a harder steel, such as 
nitralloy. These alloys will stand heavier loads and higher 
temperatures, up to 650° C., than the white-metal bearings. 

A new alloy recently introduced claims to have overcome the 
two difficulties associated with other copper-base bearing metals, 
namely, that they are available only in the cast form and that 
they have low ductility. This is a wrought chromium-bronze 
alloy, which-was produced in Messrs. Stone’s foundry in 1936. 
It can be prepared in cast or wrought forms, in both of which the 
hard constituent is very stable, due to its chromium content, and 
this enables the bearings to retain their characteristics even 
after heating as high as 850° C. The following characteristics 
are claimed- as compared with phosphor-bronze;— 

• Imperial Smelting Corporation. 
t **Aircra£tEngineMaterials,*'^.A.i^./(7tfmaf, April 1937. See also **B6uing 

Eaterlals,*’ Automotive Industries^ Marob 1938, p. 419. 
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Properties at Ordinary Temperatures. Chromium- 
bronze. 

Oliill-cast 
Phosphor- 

bronze. 

0*1 per cent, proof stress (tension), 
tons/sq. in. 

10- 14 10-12 

Ultimate tensile stress, tons/sq. in. 23- 27 18-20 
Elongation on 4 ^/Area, per cent. . 30- 40 1-5 
Brinell hardness number 90-130 1 90-120 
Izod value, ft.-lbs. 62- 65 

(unbroken) 
2-5 

0-1 per cent, proof stress (com¬ 
pression), tons/sq. in. 

10- 12 10-12 

Pressure Die-castings.—During the last fifteen years the 
casting of metal under pressure has been very extensively 
developed, and is now widely used to produce sound and strong 
castings of such accurate dimensions that they need no finaJ 
machining to size. The surface also is smooth and good. This 
is a great saving, and innumerable small engineering mass- 
production parts are cast in this way. 

Special varieties of aluminium and magnesium alloys, and 
even of brass, have been developed for this work, but the most 
generally used alloys of all are those of a zmc base. Two of the 
most prominent ♦ have the following alloy additions: (a) 4 per 
cent, aluminium, 2-7 per cent, copper, 0*1~0*3 per cent, 
magnesium; (6) 4 per cent, aluminium, 0 05 per cent, magnesium. 
The first is more generally used in this country, as it is harder 
and stronger and rather more easily die-cast than the copper- 
free alloy. 

The mechanical properties of two of the zinc-base “Mazak** 
alloys are given below, and it will be seen that they have tensile 
and shock-resisting properties very considerably superior to cast- 
iron and other sin^ar materials. 

Mechanical Properties of Pressure-cast Mazak Alloys.f 

Properties. Mazak No. 3. Mazak No. 6. 

TensUe strength (tons/sq. in.) . 18 20 
Elongation, per cent, (on 2 in.) . 4-5 3 
Impact strength, ft.-lbs. (J in. sq. 20 17-5 

unnotohed bar). 
Compressive strength (tons/sq.in.) 27 39 
Brinell hardness number . 62 73 

• A. 0. Street, “An ABO of Dle-oasting,” Industry, 1937. 
t National Alloys lAd. (Imperial Smelti^ Corporation). 

N 
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Wood.—The principal woods used by mechanical enpneers 
are ash^ heech, boxwood, elm, fir, hornbeam, lignu7n-vitce, mahogany, 
oak, pine, and teak. 

Ash, a straight-grained, tough, and ela.stic wood, is largely 
used where sudden shocks have to be resisted, as in the handles 
of tools, shafts of carriages, and the framing and other portions 
of agricultural machinery, when such are not made of rnetal. 
This wood is very durable if it is protected from the weather. 

Beech takes a smooth surface, and is very compact in its grain. 
It is largely used for joiners’ tools. 

Boxwood is very hard and heavy, and takes a very smooth 
surface. It is of a bright yellow colour, and is used for sheaves 
of pulley-blocks, bearings in machinery, small rollers, etc. 

Elm is valuable on account of its durability when constantly 
wet, and is used for piles, floats of paddle-wheels, etc. 

Fir and pine are largely used for various purposes, because 
they are cheap, easy to work, and possess considerable strength. 
White or yellow pine is much used for pattern-making. 

Mahogany is a durable, strong, straight-grained wood, and is 
less liable to crack or twist in seasoning than almost any other 
wood. It is used to a considerable extent by pattern-makers 
for light patterns. 

Lignwm-vitoe is a very hard wood of very high specific gravity, 
being one and one-third times the weight of the same volume 
of water. It is very valuable for bearings of machinery which 
are under water. It is also used for sheaves of pulley-blocks, 
and for other purposes where great hardness and strength are 
required. 

Oak is one of the strongest and most durable of woods.' It is 
tough and straight-grained, and is durable in either a wet or dry 
situation. It is good for framing or for bearings of machinery. 
English oak is considered the best. 

Teak is also a very strong and durable wood, possessing con¬ 
siderable toughness. It is also valuable for many purposes, on 
account of the small amount of shrinkage which takes place 
with seasoning. The oil which this wood contains prevents the 
rusting of bolts or other iron parts which may be used in fram¬ 
ing it 
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TABLES OF STRENGTH OF MATERIALS. 

Ultimate Tensile Strength. 

Approximate average values in tons per square inch. 

Cast-iron . . .11 
Wrought-iron— 

Along the grain . 21 
Across ,, . .19 

Steel— 
Castings . . .35 
Forgings . . .40 

Mild steel, normalised . 30 

Copper— 
Cast . . .10 
Wrought . . .20 
Annealed . . .14 

Brass (70/30)— 
Cast . . .16 
Wrought . . .35 
Annealed . . .22 

Muntz metal— 
Cast . . .18 
Extruded . . .25 

Naval brass— 
Annealed . . .24 

Delta metal— 
Extruded . . .30 

Bronze gun-metal (90/10) 17 
Aluminium-bronze— 

Chill-cast . . .36 
Quenched and tempered 38 

Phosphor-bronze— 
Wrought . . .24 
Cast . . .12 

Manganese-bronze— 
Extruded. . .25 

Tin- 
Cast ... 1’5 

Zinc— 
Cast . . .1-6 
Wrought . . .7 0 

“Monel” metal— 
Annealed . . .30 

“Staybrite” steel— 
Annealed . . .40 

Duralumin . . .26 
Aluminium alloy— 

RR77 . . .38 
MG 7 . . .29 

Magnesium alloy . . 20 
(Elektron) 

Wood (along the fibres)— 
Ash ... .7 
Beech . . .6*4 
Elm . . .6*8 
Fir and pine . . ^'1 
Lignum-vitffi . .6 
Mahogany . . 7 
Oak.... 7 
Teak . , .7 
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Ultimate Tensile Strength of Wire. 
In tons per square inch. 

Material of Wire. Unannealed. Annealed. 

Wrought-iron .... 30-45 20-30 
Mild steel . . . . . 40-80 27-55 
Crucible cast-steel . 90-150 
Copper . 26-30 15-20 
Phosphor-bronze , 45-75 23-30 
Delta-metal .... 45-62 • •• 

Silicon-bronze .... 28-50 

The tenacity of wire per square inch is greater tlie smaller the 
diameter of the wire, especially when it is not annealed. 

Breaking Strength of Wires at Low Temperature.* 
Diameter of wires, 0‘09H inch. 

Mat'^rial of Wires. 

Steel (soft). 
Iron . 
Copper 
Brass . 
German silver . 
Gold . 
Silver. 

Breaking Load in Lhs. 
15“ a = 59’ F. -182* a = - 295 -G* P. 

. 420 700 

. 320 670 

. 200 300 

. 310 440 

. 470 600 
. 255 340 
. 330 420 

Wires that were cooled to the temperature of - 182® C., and 
allowed to regain the ordinary temperature, were in no way 
changed as regards their tenacity. 

Ordinary Working Stresses (for a Steady or 
Dead Load). 

In lbs. per square inch. 

Tension. 

Cast-iron . . . 4,000 
Wrought-iron— 

Bars or forgings. .14,000 
Plates, along the grain 14,000 

„ across „ 12,000 
Steel— 

Castings or forgings . 20,000 
Mild steel . . . 18,000 

Copper, cast. , , 4,000 
„ forged . . 6,000 

_,j sheet . . 5,000 

Gun-metal . . 6,000 
Phosphor-bronze . . 10,000 
Manganese-bronze . 12,000 
Brass . . 4,000 
Muntz-metal . 7,000 
Naval brass . • 8,000 
Delta-metal, cast. . 10,000 

,, rolled , 13,000 
Wood . 2,000 
Leather 800 

* From a paper by Professor Dewar, read before the Royal Institution in 
1906. on the *'ooientiflc Uses of liquid Air." 



WORKING STRESSES m 
Ordinary Working Stresses (for a Steady or 

Dead Load)—continued. 

Compression. 

Cast-iron 
Wrought-iron 
Steel- 

Castings or forgings 
Mild steel . 

16,000 
14,(K)0 

20,000 
18,000 

Copper .... 
Gun-metal . 
Phosphor-bronze . 
Brass . . . . 
Wood . . . . 

6,000 
6,000 

10,000 
3,000 
1,500 1 

Shearing. 

Cast-iron 3,000 Copper, rolled 2,500 
Wrought-iron 11,000 Wood, across the grain 500' 
Mild steel 11,000 ,, along „ 100 1 

For a live load which produces a stress always of the same 
kind or in the same direction, the working stress may be taken 
at two-thirds of the working stress foi a steady or dead load. 

For a live load which produces equal stresses in opposite 
directions, the working stress may be taken at one-third of the 
working stiess for a steady or dead load. 

Strength to Weight Ratios. 

Material. 
Tensile 

Strength. 
Tons/Sq. In. 

Average 
Specific 
Gravity. 

Strength 
to Weight 

Ratio. 

Steel piano wire, drawn very fine . 160 7-84 20-4 
RR 77 aluminium alloy, heat-treated 38 2-8 13-67 
Alloy steel, heat-treated. . 100 7-85 12-74 
BR 66 aluminium alloy, heat-treated 32 2-78 12-40 
Aluminium alloy MG 7 29 2-6 11-20 
Magnesium alloy (Blektron) . 20 1-86 10-76 
Stainless steel, 18 : 8, hard-rolled 86 7-93 10-72 
Duralumin, forged and aged . 26 2-8 6-30 
Alloy steel, beat-treated. 65 7*86 7-01 

Monel” metal, rolled . 60 8-86 6-64 
Mild steel, normalised . 30 7-85 8-82 
Aluminium, hard-rolled . 10-6 2-71 3-96 

„ annealed 6-6 2-71 2-04 
Wrought-iron 21 7-80 2-67 
Brass, hard-rolled . 32 8-4 8-81 

„ annealed . 18 8-4 2-14 
Spruce for aircraft. 4-4 0-486 10*1 
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Brinell Hardness Testing.* 

The Brinell hardness number is the quotient of the applied load 
divided by the spherical area of the impression, and is given by 

^-- = £/_2L_\. 
i-nD{D-(D^-d^)^} Xi«ll-{l-(d/Z))2)i/ 

where P = load in kilogrammes, i) = diameter of ball in milli¬ 
metres, d = diameter of impression in millimetres, // = Brinell 
hardness number. 

The value of d is to be the average of two readings at right 
angles. 

Standard Balls and Loads, 

Load. 
of 

Ball. ii o
 II ^ = 30. 

Mm. Kg. Kg. Kg. Kg. 
1 1 5 10 30 
2 4 20 40 120 
6 25 125 250 750 

10 100 500 1000 3000 

The same Brinell hardness number is given by tests on the 
same uniform material with balls of different diameters when 
the same value of PjD^ is used. 

The centre of the impression shall be not less than 2-6d from 
any edge of specimen. 

The thickness of specimen shall be at least ten times the depth 
of impression as given by: Depth in mm.^PInDH. Lower 
values may be permitted in some instances. 

For guidance in specifying an appropriate value for PjlP, 
approximate values for representative materials are as follows: 
Steels, cast-iron, 30; copper alloys, aluminium alloys, 10; copper, 
aluminium, 6; lead, tin, and their alloys, 1. 

The load shall be applied slowly and progressively to the 
specimen in a direction normal to the surface. The full load to 
be maintained for 15 seconds. 

The approximate tensile strength of steel, in tons per sq. inch, 
may be found by multiplying the Brinell hardness numbers by 
0-22. 

A table showing values of H corresponding to various values 
of d is given on p, 392 for the case where PjlP—ZO, This 
and similar tables for other values of PjlP are to be found in 
B.8. 240 : 1937. 

* Extracted maiolj from B.S. 240 : 1937. 
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Brinell Hardness Numbers. 

Diameter of ball = 10 mm. Load = 3000 kg. 

Diameter 
of 

Impression. 
Mm. 

•01 •02 03 04 05 ■06 •07 08 •09 

200 945 936 926 917 908 899 890 882 873 865 

210 856 818 840 832 824 817 809 802 794 787 

220 780 772 765 768 762 745 738 732 725 719 

2-30 712 706 700 694 688 682 676 670 665 659 

240 653 648 643 637 632 627 621 616 611 606 

250 601 697 692 687 682 678 673 669 564 660 

200 655 661 547 543 638 634 530 626 522 618 

270 614 610 607 603 499 496 492 488 485 481 

280 477 474 471 467 464 461 457 454 451 448 

200 444 441 438 435 432 429 426 423 420 417 

300 415 412 409 406 404 401 398 395 393 390 

310 388 385 383 380 378 376 373 370 368 366 

820 363 361 369 356 354 352 360 347 345 343 

330 341 339 337 335 333 331 329 326 325 323 

840 321 319 317 315 313 311 309 307 306 30i 

850 302 300 298 297 296 293 292 290 288 286 

860 285 283 282 280 278 277 276 274 272 271 

370 269 268 266 265 263 262 260 259 257 256 

380 255 253 252 280 249 248 246 245 244 2i2 

800 241 240 239 1 237 236 235 234 232 231 230 

400 229 228 226 225 224 223 222 221 219 218 

410 217 216 216 214 213 212 211 210 209 208 

420 207 206 204 ! 203 202 201 200 199 198 198 
430 197 196 195 194 193 192 191 190 189 188 
440 187 186 185 186 184 183 182 181 180 179 

450 179 178 177 176 176 174 174 173 172 171 

460 170 170 169 168 167 107 166 166 164 164 

470 163 162 161 161 160 159 158 158 167 156 

4*80 166 155 154 154 163 162 162 151 150 160 
400 149 148 148 147 146 146 146 144 144 143 

5*00 143 142 141 141 140 140 139 138 138 137 
510 137 136 136 136 134 134 133 133 132 133 
520 131 130 130 129 129 128 128 127 127 126 

530 126 125 125 124 124 123 1 123 122 122 121 
540 121 120 120 119 119 118 118 117 117 116 

5*50 116 118 116 114 114 114 113 113 112 113 

5*60 111 111 no no no 109 109 1 108 108 ! 107 
5*70 107 107 106 106 108 106 106 104 104 103 
5*80 103 103 102 102 101 101 101 100 99*9 99*6 
5dK> 99*2 98*8 98*4 98-Oj 07*7 97*3 96*9 96*6 96*8 03-9 

6*00 96-6 •• •. < 
L._!_!_:-1-:_:-^^^ 

table is correct for a ball of 1 mm. diameter and a load of SO kilo* 
grammes if the decimal point in the Talne (diameter of imprsMtioo) is 
moved one place to the left. 
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SCREWS, BOLTS, AND NUTS. 

British Standard Whitworth (B.S.Whit.) Screw Threads—The 
angle of the V is 55°, and an amount, (7, equal to one-sixth of the 
total depth, ii, is rounded off at the top and bottom, as shown. 

77 = major diameter=diameter of screw over thread, in inches. 
77i= minor diameter = diameter at bottom of thread, in inches. 
i^-= pitch of screw thread, in inches. 
N=number of threads per inch. 

N * 

1 
P’ 

Bntnh ^Standard Whitworth hit.) Screw Thnad^.* 

Nominal 
Diatn. 

Threads 
por 

Inch. 

Minor 
Diam. 

Area at 
Bottom 

of 
Thread. 

Nomina! 
Diam. 

Threads 
per 

Inch. 

Minor 
Diam. 

Area at 
Bottom 

of 
Thread, 

In. In, Sq. In. In. In. Sq. In. 
40 00930 0-0068 li 6 1-2866 1-300 
24 01341 0-0141 li 5 1-4938 1-753 

i 20 01860 0-0272 2 4-5 1-7154 2-311 

■h 18 0-2413 0-0457 n 4 1-9298 2-925 

1 16 0-2950 0-0683 2i 4 2-1798 3-732 

* 14 0-3461 0-0941 2J 35 2-3840 4-464 

i 12 0-3932 i 0-1214 3 3-5 2-6340 5-449 
12 0-4557 0-1631 H 3-25 2-8560 6-406 

1 11 0-5086 0-2032 H 3-25 3-1060 7-677 
lit 11 0-5711 0-2562 3J 3 3-3232 8-674 

i 10 0-6220 0-3039 4 3 3-5732 10-03 
i 9 0-7328 0-4218 4i 2-875 4-0546 12-91 

1 8 0-8400 0-6542 5 2-75 4-6344 16-16 
7 0-9420 0-6969 51 2-626 5-0122 19-73 

li 7 1-0670 0-8942 6 2-5 6-4878 23-66 

• Extracted from B.S» 84 :1940, 
t To be diflpeaeed with wherever possible. 
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In the Square Screw Thread {a) the thickness and depth of 
the thread are each equal to half the pitch. The number of 
threads per inch for a square-threaded screw is usually half the 
number for a triangular-threaded screw of the same diameter. 

The leading screw of a lathe is frequently made, as shown at 
{b)y to permit the nut, which is divided into two parts, to readily 
disengage or engage with the screw. 

The edges of the square thread are often more or less rounded, 
so that they shall not be so easily injured ; in the Knuckle 
Thread (c) this rounding is carried to excess. 

The Buttress Thread {<£) is designed to combine the smaller 
friction of the square thread with the greater strength of the 
triangular thread. The load on the thread should act as shown 
by the arrows. Angle of section of thread, 45®. The points and 
roots of the thread may be cut oif straight or rounded. The 
amount C cut off may be from one-eighth to one-sixth of the 
total depth B. 

Multiple-Threaded Screws.—When the pitch of a screw is 
required to be larger than usual for a given diameter, the loss 
of strength in the rod upon which it is cut may be diminished 
by making the screw multiple-threaded; the several threads 

P-PITCH P« DIVIDED PITCH 

SINGLE THREADED. DOUBLE THREADED. TREBLE THREADED. 

being parallel to one another, and of the same pitch. The total 
working surface of a screw, for a nut of a given length, is in¬ 
creased by making the screw multiple-thresded. The ^Tided 
pitcdi (Pi) of a multiple-threaded screw is the pitch (P) dMded 
by the number of threads. 
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Brltfsli Association (B.A.) Screw Threads.—The British 
Standards Institution recommends the B.A. form of thread for 
screws below J inch diameter. An exception is the aV inch B.S.F. 
screw, which is slightly smaller than No. 0 B.A. and should be 
used in preference to it. 

The thread is V-shaped, the angle of the V being with 
the top and bottom rounded off to two-elevenths of the pitch. 

Each .size of screw has a distinguishing number (n), which is 
connected with the pitch (/^) by the formula, and the 

diameter {])) is given by the formula, — the dimensions 
being in millimetres. The .standard dimensions are taken as the 
results of the above formulre expre.ssed correctly to two significant 
figures. The following table gives the standard dimensions in 
millimetres, and their approximate equivalents in inches:— 

Dimensions of British Association (B.A.) Screw Threads. 

Number. 
Dimensions in Milli¬ 

metres. Dimensions in Inches. Threads per 
Inch. 

Diameter. Pitch. Diameter. Pitch. 
0 6-0 IW •236 •0394 25-4 
1 5-3 •iK) •209 •0354 28-2 
2 4-7 •81 •185 •0319 31-4 
3 4*1 •73 •161 •0287 34-8 
4 3-6 •66 •142 •0260 38-5 
6 3-2 •59 •126 •C‘232 43 0 

6 2*8 •53 •110 •0209 47*9 
7 2-5 •48 •098 •0189 52*9 
8 2*2 •43 •087 •0169 59*1 
9 1-9 •39 •075 •0154 65-1 

10 1-7 •35 •067 •0138 72*6 

11 1-5 •31 •059 •0122 81-9 
12 1*3 •28 •051 •0110 90*7 
13 1-2 •25 •047 •0098 101*0 
14 1*0 •23 •039 •0091 110-0 
15 •90 •21 •035 •0083 121-0 

16 •79 •19 •031 •0075 134*0 
17 •70 •17 •028 •0067 149-0 
18 •62 *15 •024 •0059 169*0 
19 •54 •14 •021 •0055 181*0 
20 •48 •12 •019 •0047 212 0 

21 •42 •11 •017 •0043 231*0 
22 •37 •10 •015 •0039 I 259-0 
23 ’33 •09 •013 •0035 285-0 
24 •29 •08 •oil •0031 317-0 
25 •26 •07 •010 •0028 1 363-0 



S96 FINE SOEIW THREADS 

British Standard Fine (B.S. Fine) Screw Threads.* 

Nom¬ 
inal 

Diani. 

Threads 
per 

llicli. 
1‘iteh. 

Depth 
(3£ 

Thread. 

Major 
Diarn. 

ElTeeth e 
Diurn. 

Minor 
Diiini. 

Area at 
Bottom of 
'I'll read. 

In. 
1 

]n. Tn. In. In. In. Sq. In. 

32 003125 ooaoo 0-1875 0-1675 0-1475 0-0171 

TsV 28 003571 0-0229 0-2188 0-1959 0-1730 0-0235 

i 26 0-03846 0-0246 0-2500 0-2254 0-2008 0-0317 

A 26 0-03846 0-0246 0-2812 0-2566 0-2320 0-0423 

A 22 0-04545 0-0291 0-3125 0-2834 0-2543 0-0508 

i 20 0-05(XK) 0-0320 0-3750 0-3430 0-3110 0-0760 
18 0-05556 0-0356 0-4375 0-4019 0-3663 0-1054 

i 16 0-06250 0-0400 0-5000 0-4600 0-4200 0-1385 
16 0-06250 0-0400 0-5625 0-5225 0-4825 0-1828 

1 14 0-07143 0-0457 0-6250 0-5793 0-5:136 0-2236 

14 0-07143 0-0457 0-6875 0-6418 0-5961 0-2791 

i 12 0-08333 0-0534 0-7500 0-6966 0-6432 0-3249 
12 0-08333 0-0534 0-8125 0-7591 0-7057 0-3911 

1 11 0-09091 0-0582 0-8750 0-8168 0-7586 0-4520 
1 10 0-10000 0-0640 1-0000 i 0-9360 0-8720 0-5972 

ij 9 0-11111 0-0711 M250 1-0539 0-9828 0-7586 
4 9 0-11111 0-0711 1-2500 1-1789 1-1078 0-9639 

If 8 0-12500 0-0800 1-3750 1-2950 1-2150 1-159 

4 8 0-12500 0-0800 1-5000 1-4200 1-3400 1-410 

4 8 0-12500 0-0800 1-6250 1-5450 1-4650 1-686 

If 7 0-14286 0-0915 1-7500 1-6585 1-5670 1-928 
2 7 0-14286 0-0915 2-0000 1-9085 1-8170 2-593 
21 6 0-16667 0-1067 2-2500 2-1433 2-0366 3-258 
2f 6 0-16667 0-1067 2-5000 2-3933 2-2866 4-106 
2i 6 0-16667 0-1067 2-7500 2-6433 2-5366 5-054 

3 5 0-20000 0-1281 3-0000 2-8719 2-7438 5-913 
31 T) 0-20000 0-1281 3-2500 3-1219 2-9938 7-039 
31 4-5 0-22222 0-1423 3-5000 3-3577 3-2154 8-120 
3i 4-5 0-22222 0-1423 3-7500 3-6077 3-4654 9-432 
4 4-5 0-22222 0-1423 4-0000 3-8577 3-7154 10-84 

4 4 0-25000 0-1601 4-2500 4-0899 3-9298 12-13 

Note.—It is recommended that for larger diameters in this 
series four threads per inch be used. 

♦ Extracted from B.S. 84 ; 1940. 



PIPE SCREW THREADS 397 

British Standard Pipe (B.S. Pipe) Screw Threads.* 

B.8.P. 
8170 

(Nom. 
Boro 

of 
Tube). 

Outside 
of Blac 

Max. 

diameter 
k Tube. 

Min. 

Tlireacls 
per 

Inch. 

Dia 

Major 
((JauKe 
Dum,). 

meters at C 
PI ino (Basi 

Kllcc Live. 

auge 

•). 

Minor. 

Oaugo 
JiCngtli. 

In, In. In. In. In. In. In. 

i 0-412 0-387 28 0-383 0-3601 0-3372 0-156,3 

i 0-550 0-525 19 0 518 0-4843 0 4506 0-2367 

1 0-688 0-663 19 0-656 0-6223 0-5886 0-2,500 
i 0-859 0-834 14 0-825 0-7793 0-73.36 0-3214 

i 1-075 1050 14 1-041 0-9953 0-9496 0-3750 

1 1-351 1-320 11 1-309 1-2508 1-1926 0-4091 

U 1-692 1-661 11 1-650 1-5918 1-5336 0-5000 

n 1-924 1-893 11 1-882 1-8238 1-7656 0-5000 
2 2-403 2-358 11 2,347 2-2888 2-2306 0-6250 
2i 3-021 2-971 11 2-960 2-9018 2-8436 0-6875 

3 3 526 3-471 11 3-460 3-4018 3-3436 0-8125 

H 4-021 3-961 11 3-950 3-8918 3-8336 0-87.50 
4 4-526 4-461 11 4-450 4-3918 4-3336 1-0000 
6 5-536 5-461 11 5-450 5-3918 5-3336 1-1250 
6 6-541 6-461 11 6-450 6-3918 6-3336 1-12.50 

7 7-575 7-463 10 7-450 7-3860 7-3220 1-3750 
8 8-585 8-463 10 8-450 8-3860 8-3220 1-5000 
9 9-595 9-463 10 9-4,50 9-3860 9-3220 1-5000 

10 10-605 10-463 10 10-450 10-3860 10-3220 1-62.50 
11 11-615 11-465 8 11-450 i 11-3700 11-2900 1-6250 
12 12-625 12-465 8 12-450 12-3700 12-2900 1-6250 

Note.—Tubea 7 in, and upwards. The ends shall be specially 
sized prior to screwing, in oirier to ensure ample thickness below 
the root of the thread. This condition shall be complied with 
for the screwing of cut tube at site. 

Gauge diameter is the basic major diameter of the thread, 
whether external or internal, parallel or taper. For taper threads 
the gauge diameter is theoretically located at the face of the 
internal screw (coupling) or at a distance equal to the basic gauge 
length from the small end of the external screw (pipe-end). 

Gauge plane is the plane in which the gauge diameter is located. 

Gauge length is the distance of the gauge plane on an external 
taper screw (pipe-end) from the small end of the screw. 

• Extracted from B.S. 21:1938. 



m 8XLLBBS SORBWS 

Sellers Screws.*—^The Sellers screw thread is the standard form 
of triangular thread used by American engineers. The angle 
of the V is 60^", and an amount, (7, equal to one-eighth of the 
total depth, B, is cut off at the top and bottom, parallel to the 
axis of the screw, as shown. 

2>=diameter of screw over the thread, in inches. 
i>i = diameter of screw at bottom of thread, in inches. 

pitch of screw thread, in inches. 
iV'= number of threads per inch. 

1-29904 

N ‘ 

Dimensions of Sellers Screws. 

Diam. 
of 

Screw. 
D 

Number 
of 

Threads 
per luch. 

N 

Diam. at 
Bottom 

of 
Thread. 

l^i 

Area at 
Bottom 

of 
Tliread. 

A 

Diam. 
of 

Screw. 
D 

Number 
of 

Threads 
per Inch. 

N 

Diam. at 
Bottom 

of 
Thread. 

Area at 
Bottom 

of 
Thread. 

A 

Inches. Threads. Inches. Sq. In. Inches. I’hreads. Inches. Stp In. 
i 20 •185 •0269 2 44 1-711 2-3001 

A 18 •240 •0454 21 44 1*961 3-0212 
§ 16 *294 •0678 2i 4 2-176 3-7161 

A 14 •845 •0933 2i 4 2-425 4-6194 
i 13 *400 •1257 3 34 2-629 6-4276 

A 12 *454 •1620 31 34 2-879 6-5090 
S 11 •507 •2018 34 31 3*100 7-5491 

1 10 •620 •3020 3i 3 3-317 8-6413 
i 9 •731 •4193 4 3 3-567 9-9930 

1 8 •838 •5510 41 24 3-798 j 11*3304 
li 7 •939 •6931 44 2i 4-028 12-7404 

U 7 1*064 •8898 4| 2| 4*265 14-2203 
If 6 M68 1-0541 6 24 4*480 16*7661 

li 6 1-283 1*2938 61 24 4-730 17-6746 
1§ 1*389 1-6148 64 24 4-963 19-2676 

li 5 1-490 1-7441 5| 24 5*203 21-2617 
^ 15 5 1-616 2-0490 6 21 5-423 23-0948 

* 8tlll in use, but the American Standard eorew threada are now M eiten 
<m pp. B99, 400. 
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American Standard Screw Threads.—The form of thread 
for all American Standard threads is known as the American 
National Form, and is the same as that previously known as the 
United States Standard (or Sellers). 

Coarse Thread Series, 

Size No. 
or 

Diara. 

Threads 
per 

Inch. 

Major * 
Diara. 

Minor • 
Diara. 

Size 
Diara. 

Threads 
per 

Inch. 

Major 
Diana. 

Minor 
Dlam. 

Inches. Inches. Inches. Inches. 
1 64 0*0730 0*0527 j 9 0*8750 0*7307 
2 56 0*0860 0*0628 1 8 1*0000 0*8376 
3 48 0*0990 0*0719 H 7 1*1250 0*9394 
4 40 0*1120 0*0795 H 7 1*2500 1*0644 
5 40 0*1250 0*0925 If 6 1*3750 1*1585 

6 32 0*1380 0*0974 H 6 1*5000 1*2835 
8 32 0*1640 0*1234 li 5 1*7500 1*4902 

10 24 0*1900 0*1359 2 4i 2*0000 1*7113 
12 24 0*2160 0*1619 2i H 2*2500 1*9613 
i 20 0*2600 0*1850 2i 4 2*5000 2*1752 

18 0*3125 0*2403 2i 4 2*7500 2*4252 
i 16 0*3750 0*2938 3 4 3*0000 2*6752 

14 0*4375 0*3447 3i 4 3*2500 2*9252 
i 13 0*5000 0*4001 3i 4 3*5000 3*1752 
A 12 0*5625 0*4542 3i 1 4 3*7500 3*4252 

t 11 0*6250 0*5069 4 4 4*0000 3*6752 
1 10 0*7500 0*6201 

* Major diamOer is largest diameter; minor diameter is smallest diameter. 



400 AMBBIOAN STAUDABD SOBBW THBBADS 

American Standard Screw Threads (continued). 

Fine Thread Series, 

Size No. 
or 

Diam. 

Threads 
per 

Inch. 

Major 
Diam. 

Minor 
Diam. 

Size 
Diam. 

Threads 
per 

Inch. 

Major 
Diam. 

Minor 
Diam* 

0 80 
Inches. 
00600 

Inches. 
0-0438 1 24 

Inches. 
0-3750 

Inches. 
0-3209 

1 72 00730 0-0550 A 20 0-4375 0-3725 
2 64 00860 0-0657 i 20 0-6000 0-4350 
3 66 00990 0-0758 A 18 0-6626 0-4903 
4 48 01120 0-0849 I 18 0-6250 0-5528 

5 44 01250 0-0955 f 16 0-7500 0-6688 
6 40 01380 01055 i 14 0-8760 0-7822 
8 36 01640 0-1279 1 14 1-0000 0-9072 

10 32 0-1900 0-1494 li 12 1-1250 1-0167 
12 28 0-2160 0-1696 li 12 1-2500 M417 

i 28 0-2500 0-2036 If 12 1-3750 1-2667 
A 24 0-3125 0-2584 4 12 1-6000 1-3917 



WOOD SCREWS 401 

Wood Screws. 

ICild Steel—Oonnteraunk Heads and Gimlet Points. 

(Guest, Keen dh Nettlefolde, Ltd., Birmingham.) 

Screw 
Gauge. 

Equi¬ 
valent 

in Parts 
of an 
Inch. 

Length, Inches. 

Screw 
Gauge. 

Equi¬ 
valent 

in Parts 
of an 
Inch. 

Length, Inches. 

Shortest 
Screw. 

Longest 
Screw. 

Shortest 
Screw. 

Longest 
Screw. 

4/0 •054 i l 12 •220 1 6 
3/0 •057 i i 13 •234 1 6 
2/0 •060 i 1 14 •248 1 6 

0 •063 i i 15 •262 i 6 
1 •066 i 1 16 •276 i 6 

2 •080 i 18 •304 1 7 
3 •094 A 2 20 •332 1 7 
4 •108 i 2i 22 •360 1 7 
6 •122 i 3 24 •388 n 7 
6 •136 i 3i 26 •416 u 7 

7 •150 1 3i 28 •444 H 7 
8 •164 i 4 30 •472 li 7 
9 •178 f 32 •500 2 7 

10 •192 I 6 36 •556 3 7 
11 •206 i 61 40 •612 3 7 

Longer or shorter lengths than those given in the 
table can be made to suit special requirements. 

The principal dimensions of a countersunk head 
wood screw are as shown in the figure. Diameter 
(B) of head is twice diameter (D) of screw. Angle 
of countersunk head is 45®. Length of threaded 
portion is two-thirds the length of the screw. 

Wood screws of various types are obtainable 
in mild steel, brass, **staybrite** stainless steel, 
copper, gun-metal, tdominium alloy, nickel silver, 
etc. 



D=diameter of bolt in inches. 
(a) Hexagonal head. (6) Square head, (c) Hexagonal head^ with 

coUar or flange formed on it to increase its bearing surface. 
[d) Cylindrical or cheese head. {e) and (/) Spherical heads. 
(^) Spherical head^ with spherical hearing surface to permit of 
bolt canting over slightly. (A) Conical or couTUer^sunk head. 
(i) ’\~head. (j) Wed/je-shaped head, {k) Hook-boU head. 

The usual proportions for the above forms of bolt-heads are 
as follows;— 

Hexagonal head.— 
Width across flats= inch. 
Width across angles = width across flats x 1*166. 
Heights from to D. 

For table of dimensions of Whitworth standard hexagonal 
bolt-heads, see p. 407. 

Square head.— 
Width across flats = 14/) 4-i inch. 
Width across angles = width across flats x 1‘414. 
Height=from to D. 

Cheese head.— 
Diameter*from VZD to 1*62). 
Height ss from *6i> to *8i>« 
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Spherical head,-^ 
Diameter = 1*6Z>. Height = *76D, 

Other forms.— 
C= 'ItylK E= 1 r^/). F=^ from *75^ to D. 

H~-1^/>+ inch. 

A holt may hf prevented from rotating by making a portion of it 
next the head square, as shown at (6), the square poition fitting 
into a square hole. A pin, screwed or driven into the bolt, as 
shown at {d) and (4), or a snug formed on the bolt, as shown at 
(/), serves the same purj)Ose; the pin or snug fitting into a 
recess, as shown. 

(l) Eye-hoU /icad.—A =from D to V2I). 

Da=from ‘SD to D when the pin is supported at both sides 
of the bolt. 

D2=1'2D when the pin is overhung. 
(m) Taper holt.—This is easier made a tight fit in the hole, and 

is easier to withdraw, than a parallel bolt. Usual taper, three- 
eighths of an inch, on the diameter, per foot of length. 

Stud and Tap Bolts.—A Stud or Stud-hoU (a) is screwed at 
both ends. One end is screwed into one of the pieces to be con¬ 
nected, and the other end carries an ordinary nut. 
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of the pieces to be connected while the head presses on the 
other piece. 

Tap and stud bolts combined are shown at (d) and (e). 

Bolts with Nuts at each End.— 

The form shown at (6) is an improvement on (a), in that it can 
easily be removed on taking out the key. 

The form shown at (c) has a cotter or gib which presses on a 
cast-iron plate. The area of the surface of the plate pressing on 
the foundation, multiplied by the safe compressive stress of the 
material of the foundation, should be equal to the safe load on 
the bolt. 

Bolts of Uniform Strength.—The weakest part of the bolt (a) 
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is the screwed portion. A bolt is better able to resist suddenly 
applied loads when the area of its cross section is uniform 
throughout its length. The unscrewed portion may be forged 
or turned down, as shown at (/>), but a portion at each end 
should be left of the full diameter, so that the bolt may not 
shake in the hole through 'which it passes. />i, the diameter 
of the reduced j)art, should be equal to the diameter of the 
screwed part at the bottom of the thread. 

The unscrewed portion may have fiats forged or cut on it, as 
Svliown at (c), so that the cross section is a square with the corners 
rounded off. For bolts above half-inch in diameter, i?, the breadth 
across the fiats is given very approximately by the formula, 

where A is the area of the section of the bolt at the bottom of 
the screw thread. 

The cross section of the unscrewed portion may be reduced by 
drilling a hole from the head to near where the screw ends, as 
shown at ((/). The diameter of the hole is given by the formula, 

s.! ir-- d\, 
where Di is the diameter of the bolt at the bottom of the screw 
thread. 

The following table gives the values of -Sand for various sizes 
of bolts, with Whitworth screw threads and JSeUcrs screw threads:— 

D 1 11 li If 2 2} 24 2S a 31 

ii B ■75 •95 1-15 1-33 1-53 1-72 1-95 2-13 2-36 2’66 

D2 •54 •05 •77 •91 1-08 1-16 1-2211-37 1-44 _ 1-56 

5? S S 
D 3i 3i u 4i 5 54 6i 

4 C 2-7!l 2-i)8' 3-21 3-42 3*05 8*80 4*10 4-30 4-53 4’74i 

1)2 1-Bl 1-74 l-8() 1-H9 1-95 2‘()5 2^11 2-21 2-26 2-37 

h 
D 1 u 14 ! u 

2 2i 24 2J 3 31 

B *74 j •96 1*14 i 1-33 1-52 1-75 1-94 2-17 2-35 2-58 

D2 •55 •66 •78 •92 1*03 1-10 1-23 1*30 1-44 1-61 

Ip D 3J 4 H 4J 5 
1 

51 64 6| 

ll B 2*78 2*97 3-21 3*42 3*62 3*88 4-03 4*26 4-46 

la 1*62 1-76 Hg 1*91 2*01 211 Hlili ggi 



406 8ET-SCRKWS AND NUTS 

Set'Screws.—A set-screw is a screw or bolt which presses on 
a piece so as to prevent the rotation or sliding of that piece. 
Set-screws are generally made of steel, and their points should 
be hardened. In cases where the piece to be locked is not 
secured permanently in one position, tlie point of the set-screw 

should press on the bottom of a shallow groove in the piece, 
as shown at (<i), so that the bur raised by the point of the 
set-screw shall not interfere with the rotation or sliding of 
the piece when the latter has to be shifted. The piece to be 
locked may be protected from the damaging action of the 
set-screw by a metal pad, as shown at {b) and (c). 

Forms and Proportions of Nuts.— 

/>=diameter of screw, over 
t* the threads, in inches. 

(a) Hexagonal imty chamfered 
on top. {b) Hexagonal nut^ cham¬ 
fered on top and bottom, (c) 
Square nut. (d) Flanged nut, 
(e) Nut with spherical hearing 
surface, which permits of bolt 

canting over slightly. (/), (jg), {h), (i), and (/) areular mU. 
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{k) and (1) Cap nvts. These being closed at their outer ends, the 
leakage of a liquid or gas past the screw threads is prevented. 

The usual proportions for nuts are as follows :— 
JlexagonaJ rmt,— 

Width across nats=.li^7> i ^ inch. Hcight;= /). 
Width across angles = width across llatsx 1*155. 

Square imt.— 
Width across fiats = \ J inch. Height — 1). 
Width across angles = width across flats x 1*414. 

Circular nuts.— 
Diameter = from ^ inch to IJA Height = 2). 

Dimensions of Whiiicorth Standard Herayonal Nuts and Bolt-heads. 

Diameter 
of Bolt. 

Width of Nut 
or Bolt-liead 
across Flats. 

Height of 
Bolt-head. 

Diameter 
of Bolt. 

Width of Nut 
or Bolt-head 
across Flats. 

Height of 
Jiolt-head. 

•a:is •109 U 2*048 1 ‘094 
A •448 •161 li 2*215 1 203 

i •r.2r> •219 4 2*413 1 312 

A •fiOl •273 n 2*576 1*422 
•709 •328 Ji 2 758 1 *531 

A •820 •383 H 3 018 1 641 
h •919 •437 2 3*149 1*750 

A 1 *011 •492 2i 3*337 1*859 
1 1*101 t -547 2| 3*546 1 *969 

u 1 -201 •601 3*750 ! 2*078 1 

i 1 1 -aoi •656 24 3-894 1 2*187 

a , 1 *390 •711 n 4*049 2*297 

* 1*479 •766 2f 4181 2*406 
1 *574 •820 2i 1 4*346 2*516 

1 1 *070 •875 3 ' 4*531 2 625 
1-860 •984 

The height of the nut is in each case equal to the diameter of 
the bolt. 

The proportions of ‘‘United States Standard” square and 
hexagonal nuts and bolt-heads are as follows :— 

Width across flats=ljil4-J inch. 
Height of nut = D. Height of bolt-head=j2> + x'7j inch. 

Common Lock Nut. —The lower nut is first screwed up tight. 
The upper nut is next screwed almost as tight as it can be made 
against the lower nut. The upper nut is then held with one 
spanner, while the lower is screwed back tight against the upper 
by another spanner. Or, instead of proceeding as above, the 
lower nut may be first screwed up almost as tight as it can be 
made, and then, while the lower nut is held by one spanner, 
the upper is screwed as tight as possible against the lower by 
another spanner. In any case the nuts are wedged tight against 
one another on the screw, and the outer mi carries the load* 
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Hence the thicker of the two nuts should be on the outside, as 
shown at (a). In practice the thin nut is often on the out¬ 
side, as shown at (h), for the reason that ordinary spanners are 
generally too thick to act on the thin nut when placed under 
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Miscellaneous Locking Arrangements for Nuts.— 
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Split Pins for Bolts.—Frequently the end of a bolt projects a 
little beyond the nut, and this portion has the screw thread 
turned off, and a hole drilled across it to receive a split pin, 
which prevents tlie nut comin" off. 

Diam. of bolt in inches i 4 i ! 1 ' hi 

Diam. of pin No. I.S.W.G. 14 12 10 8 f) 4 2 I 1 
I 

Diam. of bolt in inches 2i 1 2i 2:i 3 

Diam. of pin in inches 6 le i g a 1 r. 18 2 j 

Washers.—Ordinary washers are usually made of wrought-iron* 
i)i = diameter of nut across the angles x 1J. 

i = from *1D to ’27). 

For small punched or stamped washers t=^\iB WO — *083 inch. 
For cait-iron washen for wood 7>.2 = from 37> to 67>, ti — i7>2, and 

i>i = diameter of nut across angles x 1^. 

Spanners.—The best spanners arc made of wrought-iron or 
forged steel, and the jaws are case hardened. Cheap spanners 
are made of malleable cast-iron. 

The forms and proportions of ordinary spanners are shown on 
the next page. rf=diameterof screw in inches. v4 = width of 
nut across the flats = l^rf-f | inch. The graphic construction 
shown at (a) gives good proportions for the head of an open 
spanner. The angle a between the centre line of the head and 
the axis of the arm varies from 0° to 45°. 

If a spanner is used as a hammer, which is frequently the 
case, it is better to form it as shown at (6), where the angle 
a=:45°. 

A box spanner is shown at (c). For large nuts the outer end 
of the box spanner has an eye to receive a lever, as shown at (e). 

For very large nuts which require to be screwed up very tight, 
the closed spanner shown at (/) is used. The outer end has an 
eye, through which a rope may be passed at which several men 
may pull at the same time. 
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The illustrations at the bottom of the opposite page show 
various forms of “ feather ” or “ sliding ” keys. 

Proportions of Keys.— 
^ = breadth of key in inches. 

= length of key in inches. 
< = mean thickness of key in inches. 

/)=diameter of shaft in inches. 
twisting moment, in inch lbs , which is transmitted by 

the piece which is keyed to the shaft. 

■^~4500i)Z ^ wrought-iron key. 

If the key is to be capable of transmitting the full power of 
the shaft, then, 

‘32 
B—~j^ — for a steel key and wrought-iron shaft. 

when the key and shaft are both of wrought- 
^ ^ iron or both of steel. 

An empirical rule often used is, J5=inch 
+ inch. 

For sliding or feather keys, t — B, 
The taper of keys varies fiom J inch to foot of 

length, or 1 in 90 to 1 in 64. 
Sliding or feather keys have no taper. 

COTTERS. 

when the bar and cotter are both made of wrought- 
iron or both of steel 
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5= 7)1 when the bar is made of wroughfc-iron and the 
11)j cotter of steel. 
iDioD. D,=*82i). D = l-22Di. 

E = lil). F = iDtoiD, D^ = 2D. 

The taper of cotters is usually from 1 in 24 to 1 in 48. If the 
taper is greater than 1 in 24, special means should be adopted 
to lock the cotter to prevent it from slackening back. 

PIPES AND PIPE JOINTS. 

Strength of Pipes and Cylinders Subjected to Internal Pressure.— 

7) = external diameter, d = internal diameter, and ^ = thickness, 
in inches. p = excess of internal over external pressure, in lb. 
per sq. in. /=allowable working tensile stress, in lb. per sq. in. 
e = efficiency of longitudinal joint. 

Case I.—Thin pipes, cylinders, or cylindrical boiler shells. 

wh(‘re c = l when there is no longitudinal joint. For efficiencies 
of riveted joints, see section on riveted joints. 

In practice minimum pipe thicknesses are calculated from the 
formula 

/ = ™ +c. 
2/e 

Examples of values of /, e and c are given below, but see 
B.S. specifications for full information.* 

Cast-iron steam or water pipes. /=3000. 6 = 1. 
c =0*0157)+ 0-25. 

Cast-steel pipes. Up to 550° F., /= 10,000; over 600° F. up to 
650° F.,/=8000; over 800° F. up to 850° F.,/=6300; over 
875° F. up to 900° F.,/=4400. c = l. c=0*0157)+ 0*25. 

Cold drawn weldless steel pipes. Up to 550° F., /= 11,200; 
over 600° F. up to 650° F., /=8900; over 800° F. up to 
850° F., /=7000; over 875° F. up to 900° F., /=4880. 
f = l. c=0*09. 

Butt welded steel pipes. Up to 500° F.,/= 10,000. e=0*9 for 
values of f up to I in., 0*85 for values of t over f in. up to 
IJ in., 0*80 for values of t over IJ in. c=0*09. 

Solid drawn copper pipes. /=2600 for steam, 3000 for feed, 
€ = 1. 6 = 0*03. 

♦ B.S. 806 :1942. Ferrous Pipes and Piping Installations. 
B.S. 1306 :1946. Non-ferrous Pipes and Piping Installations. 
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Case II.—Thick pipes or cylinders. 

Larne's formula. and 

Steel Tubes {fftewarts ds Lloyds, Ltd.).—The principal classes 
are welded and weldless. Welded is made from strip formed into 
shape and then either butt welded or lap welded. There is no 
ridge, the finish being smooth and continuous outside and inside. 
Weldless is made from a billet and the tube may be finished by 
hot rolling or cold drawing, the latter producing a slightly 
smoother surface with slightly less tolerances. 

Steels used are Bessemer steel and open hearth low tensile 
steel with 22 to 30 tons/sq. in. iilt. tensile strength and high 
tensile steel with 35 to 41 tons/sq. in. ult. tensile strength. Tubes 
may be untreated, oiled, painted, or coated with coal tar or 
bitumen. 

Steel Tubes Suitable for Screwing to B.S. 21 Pipe Threads.* 
Tubes all hydraulically tested to 700 Ih.jsq. in. 

Three thicknesses, designatc^d Class A, B, and C, for each size. 

Thickiiess(‘a, Ordinary kets. 

Nominal 
Appiox. 
Outside 

Bore, Diamet^^r. 
Cliisa A. ('hiss B. Class C, 

Ai)i)r()x. 
Outside 

Dunu'tor. 

Mmmiiim 
LfMigth. 

In. In. In. In. In. In. In. 

ill 0072 0*080 0*104 1 

1 n 0*072 0*()80 0*104 1 
I ■ii 0072 0*092 0*116 n H 
i 0*080 0104 0*128 ifV li 
i li 0*092 0*116 0*144 m 11 

1 iii 0*104 0*128 0*160 in li 
li ift 0*104 0*144 0*176 2,* 2i 
n in 0*116 0*160 0*192 0 g 2i 
2 2i 0*116 0*160 0*192 2i 

3 0*128 0*176 0*212 2i 

3 3i 0*128 0*176 0*212 4 3 
H 4 0*144 0*176 0*212 3i 
4 4i 0*144 0*176 0*212 3i 
5 6i 0*176 0*212 3i 
6 6i 0*176 0*212 U 3i 

• Extracted from B.S. 1387 : 1947. 
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Weights of steel Tubes Suitable for Screwing to B.S. 21 
Pipe Threads.* 

Weights per Foot of Black Tube. 

Nominal 
Bure. 

Flam Eud. Screwed and Socketed.f 

Class A. Class B. Class 0. Class A. Class B. Class 0. 

In. Lb. Lb. Lb. Lb. Lb. Lb. 

i 0-244 0-273 0-328 0-247 0-276 0-331 
i 0-348 0-391 0-482 0-351 0-393 0-484 
i 0-455 0-573 0-693 0-459 0-577 0-696 
i 0-643 0-825 0-982 0-650 0-831 0-987 

i 0-941 1-173 1-413 0-951 1-182 1-421 

1 1-349 1-651 2-009 1-364 1-664 2-020 

ij 1-729 2-357 2-821 1-751 2-375 2-836 
2-201 2-988 3-520 2-233 3-015 3-544 

2 2-779 3-795 4-488 2-827 3-836 4-524 

k 3-893 5-301 6-304 3-979 5-375 6-370 

3 4-577 6-246 7-442 4-700 6-354 7-540 
H 5-878 7-172 8-.557 6-006 7-288 8-660 
4 j 6-647 8-117 9-695 6-831 8-286 9-847 
5 10-006 11-971 10-262 12-206 
6 ' •• 11-891 14-241 •• 1 12-301 14*625 

* Extracted from B.S. 1387 : 1947. 
t Based on a length (measured from end of tube to end of socket) of: 16 ft. for 

I in. nominal bore; 19 ft. for i in. to 6 in. nominal bore inclusive. 

Tubes should bo described by the number of the specification 
(B.S. 1387) and the class of tuln). 

The term tube denotes a straight tube of uniform bore and is 
synonymous with the term fipe. 

The term socket denotes the screwed coupling utilised in 
jointing the tubes and is synonymous with the term coupler. 

Lengths of Steel Tubes Suitable for Screwing to B.S. 21 
Pipe Threads.* 

Lengths. Size 4 In. Sizes i In. to 6 In. 

Random 10 to 17 ft. 15 to 23 ft. 

Exact All sizes within + J in. -0 in. of specified length 

♦ Extracted from B.a 1387 : 1947. 
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For orders of over 500 ft. of one size of tube J in. to 6 in. nominal 
bore some short random lengths are permitted. See B.S. 1387 
for details. 

The length of a screwed and socketed “random length” tube 
is the overall length when one socket has been screwed on. 

The length of a screwed and socketed “exact length” tube is 
the length of the tube exclusive of the socket. 

Steel Tubes for Gas, Water, Air, and Sewage.* 

{Stewarts db Lloyds, Ltd.) 

Sizes 2 in. to 72 in. Four thicknesses, designated Class A, B, C, 
and 1), for each size. Welded or weldless up to 16 in., welded 
only for larger sizes. 

“ Steel ” Sizes. 

Nominal 
Bore. 

Outside 
Diameter. 

Class A. Class B. 

Thick¬ 
ness. 

Weight 
per Ft. 

Test 
Head. 

Thick¬ 
ness, 

Weight 
per Ft. 

Teat 
Head. 

In. In. In. Lb. Ft. In. Lb. Ft. 
2 21 0104 2-r)2 2300 0116 2-80 2300 
2i 3 0116 3-57 2300 0128 3-93 2300 
3 H 0-116 4-19 2300 0144 5-16 2300 
4 0-128 5-98 1900 0-144 6-70 2200 
5 6i 0-144 8-24 1800 0-160 9-13 2000 

6 0-144 9-78 1500 0-176 11-9 1800 
7 n 0-176 13-8 1600 0-192 15-0 1700 
8 0-176 15-6 1400 0-192 17-0 1500 
9 0-192 19-1 1300 0-212 21-0 1500 

10 \ lOi 0-192 21-1 1200 0-212 23-3 1300 

12 m 0-192 25-2 1000 0-212 27-8 1100 
14 IH 0-192 29-3 750 0-219 33-4 900 
15 15J 0-192 31-4 700 0-219 35-7 800 
16 164 0-192 33-4 650 0-219 38-0 750 
18 184 0-192 37-5 550 0-219 43-7 700 

20 204 0-219 47-4 600 0-25 54-1 700 
21 214 0-219 49-7 600 0-25 56-7 700 
22 224 0-25 59-4 650 0-281 66-8 750 
24 244 0-25 64-8 600 0-313 80-7 800 

* In accordance with requirements of B.S. 634. 

O 
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Steel Tubes for Gas, Water, Air, and Sewage.* 

(Stewarts d: Lloyds^ Ltd,) 

“ Steel ” Sizes (continued). 

Nominal 
Bore. 

Outeide 
Diameter. 

Class 0. Class D. 

I’hick- 
ncss. 

Wcipht 
per Ft. 

Test 
Head. 

Thick¬ 
ness. 

Weight 
per Ft. 

Test 
Head. 

In. In. In. Lb. Ft. In. Lb. Ft. 

2 n 0128 3-07 2300 0-144 3-43 2300 

2i 3 0-144 4-39 2300 0-160 4-85 2300 
3 0-176 6-25 2300 0-192 6-78 2300 
4 H 0-176 8-13 2300 0-192 8-84 2300 
6 5i 0-176 10-0 2200 0-192 10-9 2300 

6 6i 0-192 12-9 2000 0-212 14-2 2300 
7 n 0-212 16-5 1900 i 19-4 2300 
8 0-212 18-8 1700 i 22-0 2000 
9 9i i 24-7 1800 A 27-7 2000 

10 lOi i 27-4 1600 A 30-7 1800 

12 m i 32-7 1300 A 36-7 1500 
14 14i i 38-1 1100 A 42-7 1200 
15 15J i 40-7 1000 A 45-7 1100 
16 16J i 43-4 900 A 48-7 1 1000 
18 18J i 48-7 800 is 60-7 1000 

20 20i irV 60-7 850 67-4 950 
21 2H A 63-7 800 70-7 900 
22 22J A 74-1 850 i 88-6 1000 
24 24t H 88-7 900 i 96-6 950 

* In accordance with requirements of B.S. 634. 

For “cast-iron” sizes see p. 419. 

Lengths of “ Steel” and “ Cast-iron” Sizes. 

Lengths. Sizes 16 In. and under. Sizes over 16 In, 

Random 16 to 26 ft. 18 to 26 ft. 

Average Not less than 20 ft. About 25 ft. 
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Steel Tubes for Gas, Water, Air, and Sewage.* 
{Stewarts dh Lloyds^ Ltd,) 

** Cast-iron ” Sizes. 

Interchangeable with CasUiron Pipes to B.S. 78. 

Nominal 
Bore. 

Outside 
Diameter. 

Class A. Giaas B. 

Thick¬ 
ness. 

Weifjht 
per Ft. 

Teat 
Head. 

Thick¬ 
ness. 

Weight 
per Ft. 

Test 
Head. 

In. In. In. Lb. Ft. In. Lb. Ft. 
3 3-76 0*116 4*.')1 2100 0*144 5-56 2300 
4 4*80 0*128 6*39 1800 0*144 7*16 2000 
5 5-90 0*144 8*85 1600 0*160 9*80 1800 
6 6-98 oieo 11*7 1500 0*176 12*8 1700 
7 8-06 0*176 14*8 1500 0*192 16*1 1600 

8 914 0*176 16*9 1300 0*192 18*4 1400 
9 10*20 0*192 20*5 12(K) 0*212 22*6 1400 

10 11*26 0*192 22*7 1100 0*212 25*0 1200 
12 13*14 0*192 26*6 950 0*212 29*3 1000 

** Cast-iron ” Sizes.—Interchangeable with CJ. Pipes (continued). 

Nominal 
Bore. 

Outside 
Diameter. 

Class 0. Class D. 

Thick¬ 
ness. 

Weight 
per Ft. 

Test 
Head. 

Thick¬ 
ness. 

Weight 
per Ft. 

Test 
Head. 

In. In. In. Lb. Ft. In. Lb. Ft. 
3 3*76 0*176 6*74 2300 0*192 7*32 2300 
4 4*80 0*176 8*69 2300 0*192 9*45 2300 
5 5*90 0*176 10*8 2000 0*192 11*7 2200 
6 6*98 0*192 13*9 1900 0*212 15*3 2100 
7 8*06 0*212 17*8 1800 0*250 20*9 2100 

8 9*14 0*212 20*2 1600 0*250 23*7 1900 
9 10*20 0*250 26*6 1600 0*281 29*8 1900 

10 11*26 0*250 1 29*4 1500 0*281 33*0 1700 
12 13*60 0*250 35*6 1200 0*281 40*0 1400 

♦ In accordance with requirements of B.S. 684, 
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Joints for Steel Tubes conveying Gas, Water, Air, and Sewage. 
{Stewarts <Sc Lloydsy Lid.) 

Spigot and Socket Joint (Fig. 1) 
for lead and yarn. Sizes 2 in. to 
72 in. Maximum working water 
pressure 3.50 Ib./sq. in. up to 
12 m.; 300 Ib./sq. in. for larger 
sizes. Fio. 1. 

Sleeve Welded Joint (Fig. 2) 
and Butt Welded Joint (Fig. 3). 
Sizes 2 in. to 72 in. Not usually 
adopted for water services; 
specially suitable for gas and air 
mains at usual working pressures. 

Johnson Coupling (Fig. 4). 
Sizes 3 in. to 72 in. Used on 
tubes with plain ends. Maxi¬ 
mum working water pressure 
350 Ib./sq. in. 

Fig. 4. 

Fig. 6. 

Victaulic Joint (Fig. 6). For 
tubes up to 12 in., but can be 
supplied on larger sizes. Pres¬ 
sures up to about 1500 Ib./sq. in. 

Stewarts Loose Flange Joint 
(Fig. 6) and Albion Loose Flange 
Joint (Fig. 7). Sizes 2 in. and 
larger. Standardised up to 10 in, 

Fig. 6, 
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for working water pressures up to 
300 Ib./sq. in., but larger sizes 
are obtainable. 

Fig. 7. 

Flavges Welded On (Fig. 8). 
For all diameters and thicknesses 
of pipes. 

Fig. 8. 

Flanges Screwed and Expanded 
On (Fig. 9). Usually limited to 
sizes up to 12 in. and to pipes of 
thicknesses suitable for screwing. 

Fig. 9. 

SHAFTING. 

Shafts for transmitting power are usually made of mild steel. 
They are generally circular in cross-section, but are sometimes 
square. Large shafts are frequently made hollow. Ordinary 
mill shafting is made in lengths usually not exceeding 20 feet, and 
the standard diameters advance by quarters of an inch. 

Shafts are subjected to twisting^ and generally also to bending. 
An axle is a shaft which is subjected to bending only. 
The parts of a shaft or axle which rest on the bearings or 

supports are called journals, pivots, or collars. In journals the 
supporting pressure is at right angles to the axis of the shaft, 
while in pivots and collars the pressure is parallel to that axis. 
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Transmission of Power by Shafts.— 

/>=force in lbs. acting at a perpendicular distance of R inches 
from the centre of the shaft. 

y= twisting moment on the shaft in mch-lhs.~PR. 
7V'= speed of shaft in revolutions per minute. 
11= horse-power wliich is being transmitted. 

JttTN _ TN 
^“12x38000 ”68025 

= 00001587m 

T = 63025^ N' 
iV = 63025^. 

Resistance of a Shaft to Twisting.—When a shaft is subjected 
to twisting, the stress induced is a shearing stress, which varies 
uniformly h’om nothing at the centre to a maximum at the cir¬ 
cumference. 

i)=: diameter of shaft in inches. 
/■= maximum shearing stress in lbs. per square inch. 

jr= twisting moment on shaft in inch-lbs. 

Moment of resistance of shaft to twisting = 

The formula T= shows that the strength of a shaft to 

resist twisting is directly proportional to the cube of its 
diameter. Hence if Ti is the twisting moment on a shaft of 
diameter /)i, and if is the twisting moment on a shaft of 
diameter when both shafts are strained to the same extent, 
then, 
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Values of 

1 
D •0 

1 1 

Va 5/8 Va n 

1 •1963 •2796 •3835 •5104 •6627 •8425 1 -052 1-204 ' 
2 1-571 1-884 2 237 2*630 3-068 3-552 4-083 4-666 
3 5*301 5-992 6-740 7-548 8-418 9-353 10-35 11-42 1 
4 12-57 13-78 15-07 16-44 17-89 19-43 21-04 22-75 1 
5 24-54 26-43 28-41 30-49 32-67 34-95 87-;!8 39-82 1 

6 42-41 45-12 47-iH 50-«7 53-92 57-09 60-39 63*80 i 
7 67-35 71-02 74-82 78 •70 82*83 87-05 91-40 95-89 
8 i(X)-5 105-3 110-3 115-3 120-6 126-0 131-5 137-3 
9 143 1 14!f2 155-4 161-8 168-3 175-1 182-0 189-1 

10 196-3 203-8 211*4 219*3 227'3 235-5 243-9 252-5 

11 261-3 270-4 279-6 289-0 298-6 308-5 318-5 328-8 
12 339-3 350-0 360-9 372-1 , 383-5 1 395-1 407-0 419-1 
13 431-4 443-9 j 456-7 469-8 483-1 496-6 510-4 524-6 

1 14 538-8 553-3 ' 568-2 583-2 , 598-6 j 614-2 630-1 i 646-3 
15 1 662-7 679-4 696-4 713-6 731-2 749-0 767-1 1 785-5 

16 ' 804-2 823-2 842-5 862-1 882-0 902-2 922-7 943-6 1 
17 964-7 986-1 1008 1030 1052 1075 1098 1121 1 
18 1145 1 1169 1193 1218 1243 1269 1294 1320 
19 1347 1374 1401 1428 1456 1484 1513 1542 1 
20 1571 1600 1 1630 1661 1692 1723 

1 

1764 1786 

D •0 yi 

The safe twisting moment for a shaft of a given diameter is 
found by multiplying the corresponding number in the above 
table by the safe stress. 

To find the proper diameter of shaft for a given twisting 
moment proceed as follows :—Divide the given twisting moment 
by the safe stress, and find the number in the above table which 
is nearest to the quotient; the diameter corresponding to this 
number is the diameter required. 

The moment of resistance of a square shaft to twisting is 
•208fi*/, where s is the length of the side of the square in 
inches. 

To diminish the bending action on a shaft the power should 
be taken off as near to a bearing as possible. Couplings should 
be placed near to a bearing for the same reason. 
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Safe or Working: Stress in Shafting {Unwin). 

Steel Wruught- 
iron. Cajstiron. 

1 

Stress changing little during'! 
work and not reversing. . . j 

Part of the stress reversing at'l 
each revolution./ 

Stress constantly changing be-| 

i:i,50{) 9,000 3,000 

1 9,000 0,000 2,400 

tween equal and opposite r 4,500 3,000 1,200 

Strength of Shafts. 

Calculated hy the formula ' 

Diameter 
of Shaft, D. 

Iwistmg Moment, in Inch-lhs , when the Stress/in Lbs. 
per Square Inc h is— 

Inches. 3,0CK) \ 4,5(K) 6,000 9,000 13,500 

1 589 884 ],]7H ],7(i7 2,051 

11 1,150 1,720 2,301 3,451 6,177 

ij 1,988 2,982 3,970 5,904 8,946 

1? 3,157 4,735 0,314 9,471 14,206 

2 4,712 7,009 9,425 14,137 21,206 
21 0,710 10,004 13,419 20,129 30,193 

24 9,204 13,800 18,408 27,612 41,417 
2| 12,250 18,370 24,601 36,751 56,127 

3 15,904 23,850 31,809 47,713 71,569 
31 20,221 30,331 40,442 00,063 90,994 

•^4 25,255 37,883 50,511 75,706 113,650 
3| 31,003 40,595 02,120 93,189 139,784 

4 37,099 50,549 75,398 113,097 109,646 

44 53,077 80,510 107,354 101,031 241,547 
5 73,031 110,447 147,262 220,893 331,340 

54 98,003 147,004 196,006 294,009 441,013 

6 127,234 190,852 254,469 381,703 572,555 

64 101,707 242,651 323,535 485,302 727,963 
7 202,044 303,065 404,087 000,131 909,196 

74 248,505 372,757 497,010 745,514 1,118,272 

8 301,593 452,389 603,186 904,778 1,367,168 
9 429,410 644,125 858,833 1,288,249 1,932,374 

10 589,048 883,673 1,178,097 1,767,146 2,650,718 
11 784,024 1,176,036 1,668,047 2,362,071 3,628,106 
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Horse power of Shafts. 
i)= diameter of shaft in inches. 
/= maximum shearing stress in lbs. per square inch, 
r=twisting moment on shaft in inch-lbs. 

speed of shaft in revolutions per minute. 
iir=hor.>e-power transmitted. 

// T 
N "68025 

T= —m. 
16 ■’ 

[ Diameter 
of Shaft 

Values of — when the Stress/in Lbs. per Square Inch is— 
N 

in Inches. 
3,000 4,500 6,000 9,000 ' 13,500 

i 

1 •0093 •0140 •0187 •0280 •0420 
H •01H.3 •0274 •0365 > -0548 •0821 

H •0315 •0473 •0631 •094() •1419 

IS •0301 •0752 •1003 •1504 •2256 

2 •0748 ' -1122 •1495 •2243 •3365 
2i •1065 •1.397 •2129 •3194 •471K) 

2i •1460 •2190 •2921 •4381 ■6571 

2S •1944 •2916 •3887 •5831 •8747 

3 •2523 •3785 •5047 •7570 1*136 
3i •3208 •4813 •6417 •9625 1-444 

1 3J •4a)7 •6011 •8014 1-202 1-803 
31 •4929 •7393 •9857 1-479 2-218 

4 •5982 •8972 1-196 1-794 2-692 
•8517 1-278 1-703 2-555 j 3-833 

5 1-168 1-752 1 2 337 3-505 5-257 
1-555 2-332 ‘ 3-110 4-6t)5 6-997 

6 2-019 3*028 4-038 6-057 1 9-085 
CJ 2-567 3 860 5133 1 7-700 , 11-55 

7 3 206 4-809 6-412 9-617 1 14-43 
7i 3-943 , 5-914 1 7-886 11-83 1 17-74 

8 4-785 7-178 9-571 14-36 21-53 
9 6-813 ' 10-22 13-63 20-44 30-66 

10 9-346 14-02 18-69 28-04 42-06 
11 12-440 18-66 24-88 37-32 65-98 

Span between Bearings of Shafts.—i>=diameter of shaft in 
inches. <S^=span between bearings in feet. S=Ci/D^y where 0 
is equal to from 6 to 6 for shafts which carry their own weight 
only, and from 4*6 to 6 for shafts carrying an ordinary number 
of pulleys or wheels. 
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Hollow Shafts. ~ 
Di — external diameter of hollow shaft. 
i).2=ci)i=: internal diameter of hollow shaft. 
i>=:diameter of solid shaft of same strength as 

hollow shaft. 
7’=twisting moment on shaft in inch-lbs. 
/= maximum shearing stress in lbs. per square 

inch. 
Moment of resistance of hollow shaft 

Moment of resistance of solid shaft — 

c Cl c Cl c Cl 

•25 1-0013 •45 1-0141 •65 1-0677 
•3 1 -0027 -5 1-0218 •7 1-0958 
•35 1-0051 •55 1 1*0325 •75 1-1352 
•4 1-0087 •() 1-0474 •8 1-1920 

Resistance of a Shaft to Combined Twisting and Bending.— 
7’=twisting moment on shaft. 

= bending moment on shaft. 
Ti = equivalent twisting moment. 

The equivalent twisting moment must be used in determining 
the diameter of the shaft. 

If q-{p+ x/p^+ i), then Ti^qT, 
If -6=diameter of shaft for twisting moment 

i>is: diameter of shaft for twisting moment 
then Di^^DiJq, 
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The following table gives the values of q and ^q for various 
values of 2).— 

9 v'7 P 7 P 7 >:^7 

*1 M05 1*031 1*1 2-587 1-373 2*1 1-426 1-612 
*2 1-220 1-068 1-2 2-7(52 1-403 2-2 4-617 1-665 
•3 1-341 1*104 1-3 2-940 1 433 2-3 4-808 1-688 
•4 1-477 1*139 1-4 3-120 1 -4()1 24 5-(K)0 1-710 
*5 1-618 1-174 1-5 3-303 1 -489 2-5 1 5-193 1*732 
•6 1-766 1-209 1-6 3-487 1-516 2-6 5-386 1*753 
•7 1-921 1-243 1-7 3-672 1-543 2*7 5*579 1-774 
•8 2-081 1-277 1-8 3-859 1 -.569 2-8 5-773 1*794 
•9 2-215 1-309 1-9 4-047 1-594 2-9 1 5-968 1*814 

1*0 2-414 1 -.342 2-0 4-236 1 1*618 3-0 j 6-162 1 1-833 

Angle of Torsion.— 
^ = diameter of solid shaft in inches. 

jDi = external diameter of hollow shaft in inches. 
i)2=: internal diameter of hollow shaft in inches. 
7’= twisting moment on shaft in inch-lbs. 
// = length of shaft in inches. 

angle moved through by one end of shaft in advance of 
the other end, in circular measure. 

n=6ame angle in degrees. 
(7= modulus or coefficient of transverse elasticity of the 

material of the shaft (see p. 246). 
/= greatest shearing stress in lbs. per square inch. 

For solid shafts, 

e= 
^2TL TL 2fL 

CD' 

_ 180 X S2TL_ TL fL 
t^CD* -583 61^,^-114o9^,^* 

For hollow shafts, 

^ = 10-186 
TL 2fL 

CiD:-Dl)-OD{ 

n=583*61 
TL 

t\D\-D\) 
= 114*59 fk 

CDi 

(7= 9,000,000 to 11,000,000 lbs, per square inch for wrought- 
iron. 

(7=11,000,000 to 13,000,000 lbs. per square inch for steel. 

Shafts of Ships (Board of Trade aryd Lloyd's Rules), Turbine- 
driven Shafting,— _ 
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d is diameter of the intermediate shaft in inches. 
S.H.P. is maximum designed shaft horse-power. 
R is number of revolutions per minute at that power. 
^^ = 64 for ocean-going and home-trade vessels. 
^=58 for vessels trading on estuaries, rivers, lochs, or lakes. 

Wheel shafts of geared turbine-driven installations shall be 
not less than l’05d in diameter; but where there is only one 
pinion gearing into the wheel, or where there are two pinions set 
to subtend an angle at the centre of the shaft of less than 120°, the 
diameter of the wheel shaft at the wheel and the adjacent journals 
shall be not less than l id. Abaft the journals the shaft may be 
tapered to l‘05d. 

Shafting of Steam Reciprocating Engines.— 

d = 
D^xSxp 

f{r + 2) ■ 

d is diameter of the intermediate shaft in inches. 
jD is diameter in inches of the low-pressure cylinder, or the 

equivalent diameter where two or more low-pressure 
cylinders are used. 

S is stroke of piston in inches. 
p is working pressure in the boiler in lbs. per sq. inch, 
f is ratio of the swept volume of the low-pressure cylinder or 

cylinders to that of the high-pressure cylinder or 
cylinders. 

/ is a coefficient given in the following table :— 

Oompoiind, Triple, 
or Quadruple Expansion 
Beciprocating Engines. 

Values of /. 

Ocean-going 
and Home-trade 

Vessels. 

Vessels Trading on 
Estuaries, Riyers, 
Lochs, and Lakes. 

2 cranks at 90° . 1900 2100 
2 cranks at 180° . 1350 1600 
3 cranks at 120° . 2150 2400 
4 cranks balanced 2150 2400 
4 cranks at 90° . 2100 2300 

The diameter of the crank shaft is not to be less than l*06d. 
Crank webs of built shafts should have dimensions not less 

than the following;— 

A=0-625dc. 
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h is thickness, in inckes, of the web measured parallel to the 
axis. 

t is thickness, in inches, of metal around the eyeholes, 
measured radially. 

dc is diameter of the crank ahaft in inches. 

Crank webs should be securely shrunk on the body-pieces and 
crank pins, or forced on by hydraulic pressure. One or two keys 
or cylindrical dowels should be fitted at the junctions of the 
body-pieces and webs. 

Thrust Shafts.—The diameter at the collars of thrust shafts 
transmitting torque should not be less than 105d. Thrust 
shafts may be tapered down outside the collars to the diameter 
d required for the intermediate shaft. 

Tube Shafts (shafts passing through stern tubes but not carrying 
the screw propellers).—Diameter should not be less than 105d, 
and any part of the shaft within the tube which may be exposed 
to sea-water should not be less than l*075d. 

Tail or Screw Shafts (shafts carrying the screw propellers).— 

dt is diameter of tail shaft in inches or mm. 
d is diameter of intermediate shaft in inches or mm. 
P is diameter of screw propeller in inches or mm. 
iC = 144 when a continuous liner is fitted. 
iC = 100 when a continuous liner is not fitted. 

Tail shafts which run in stern tubes may have the end forward 
of the stem gland tapered down to a diameter at the coupling 
flange equal to l-05d. 

Brmze Liners on Shafts.—The thickness of liners fitted on 
tail shafts or on tube shafts, in way of the bushes, should not 
be less than 

d,-h9-25 , dfh235 

^-■^32“ 32 ‘ 

t is thickness of liner in inches, t^ is thickness of liner in mm. 
dt is diameter, in inches or mm., required for the tail or tube 

shaft within the liner. 

Thickness of a continuous liner at the part between the bushes 
should be or It^. Liners must be carefully shrunk on or be 
forced on to the shafts by hydraulic pressure, and are not to be 
secured by pins. 

The lenii^h of the bearing in the stem bush next to the propeller 
should be not less than four times the diameter required for the 
shaft within the liner. 
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SHAFT OOTTPLIHaS. 

Coupling Flanges and Bolts (Board of Trade and Lloyd's 
Rules).— 

Diameter of coupling bolts, \ ^ j d® 
in inches or mm. / V 3.5 ^nxr 

d is diameter of intermediate shaft, in inches or mm. 
n is number of bolts in the coupling. 
f is radius of pitch circle of the bolts, in inches or mm. 

The thickness of the coupling flanges at the pitch circle of 
the bolt holes is not to be less than the diameter of the coupling 
bolts at the face of the coupling. The thickness of the screw 
shaft coupling flange is not to be less than 0 25 of the diameter 
of the intermediate shaft. 

The radius of curvature at the fillet where the flange starts 
from the shaft is not to be less than 0*125 times the mameter 
of the shaft adjacent to the flange. 

When couplings are separate from the shafts, provision Is to 
be made to resist the astern pulL 
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Box or Muff Couplings—(a) Ordiiiary muff coupliruj, in which 
the shafts butt against one another. The box or muff is made 
of cast-iron, and is secured to the shafts by sunk keys. 

{b) Fairbairn*8 half-lap couplinf/.—The box is made of cast-iron, 
and is secured to the shafts b\ a saddle key. 

7)=diameter of shaft in inches. T='4J) + *5 inch. 
A = 1 -STf)/) f *25 incli. L = 2*5Z> + 2 inches. 

f-125 inch. Zi = 2*25/> + *76 incli. 
Slope of lap 1 in 12. For proportions of keys see p. 413, 

7) li 2 24 8 j 54 4 44 54 6 

A 2A 3 41 r>iV 6S 74 
1 u 2A n 3| 4A 44 ... ... 
T H 14 If Ifl 24 2 A 24 2| 
L 5| 7 81 S>4 lOJ 12 131 1 144 17 
Li 1 H 51 68 74 88 9i 104 12 ... ... 

Split Muff Couplings.—The box or muff gripes the shaft 
firmly. The keys have no taper, and they fit on the sides only. 

D 14 1| 2 21 

44 51 6f 6 
L C 7 8 9 
d i 8 8 § 
N 4 4 4 4 

24 28 34 4 

64 71 74 9J lOJ 

10 11 12 14 16 

f 4 4 i i 
4 4 4 

6 6 

iTasDtunber of bolts. 
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Another de&ign of split muff coupling is shown below. 

A A are wrought-iron or steel rings shrunk on, or driven on to 
the cast-iron box £. Sometimes the key is dispensed with. 
The key has no taper, and it fits on the sides only. 

/> f ^ inch. / = ^ inch. 

Ca43t-iron Flange and Pulley Couplings.— 

71=number of bolts = from §Z)-f 2 to i> + 2. 
^=1 ’BD + *8. 6 = 5D+1, but not less than 
Z = 1 ‘2 Z> + -8. -BZ) +1 -Sd + *3. 

d= 
■423Z> 
s/n 

H-*a 

(7=^4-3-2(Z. 
F=B + Gd. 

-351)+35, 
a3=*2Z>+*2. 

c=l/)+l. 
/=l*5d. 

e=-25i> + -25. 
<i = -3Z)+-3. 
^3= *IJ) 4* *2. 

For proportions of keys see p.413. 
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Dimenaiom of Cast-iron Flange and Pulley GoupUnga. 

D 4 2 2i 3 4 44 5 54 6 

B 34 4i fii ■ 4 8 m' lOf Ilf 
L 2« Sk 4 5 5^ «4 

fj , 
n 8 

n H 4 4 4 4 6 6 6 6 
d « f I 1 1 H H I 14 11 
C 54 6f 34 lOA lu 124 14J 16 
F 4 lOA 124 m 14 158 1" i\ 184 m 
T i 1 ru H l.v H 24 1 2A 24 
a 4 1 n 1 :< 

, 1 1 ! H ' 14 ‘ lA 11 
h If 2 n 1 3 34 34 38 4 
c i \ « i /a 1 A « s_ H 
/ 

1 5 
ra n H n n lu 11 IS 2A 

t 6 1 1 H u ' H 14 14 If 

1 i i t’a 1 li 1 n 1 fB 9 24 
h i i A 1 h 145 , 1 i 1 ii i i H 

All the dimensions in the above table are in inches. 
The outside of the section of the rim of the pulley coupling 

may be either straight or curved ; if curved, the radius of the 
curve may be from 66 to 106. 

Marine or Solid Flange Coupling. 
—If the bolts are made of the 
same material as the shaft, which 
is the usual practice, then the bolts 
and shaft will have the same strength 
when 2mW=i>^for solid shaft'', or 

/)♦ _ 7)^ 
2n(W=: ' - ' for hollow shafts, 

where n = number of bolts, (i=dia¬ 
meter of bolts, (7=diameter of bolt 
circle, i>=diameter of solid shaft, 
Di = external diameter of hollow 
shaft, and /)a=internal diameter of 
hollow shaft. 

In practice C varies from D+lJd 
to /) 4 2id, and is on the average 
equal to D^2d, Hence, for solid 
shafts, 2n(P{D 4- 2ti) = Z)®, and for 
hollow shafts 

D* ~ 7)* 

III 
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The following table gives the values of d corresponding to 
suitable values of n for solid shafts from 3 inches to 24 inches 
in diameter — 

1) n , d n d D n d n d 

3 
- 1 

3 U’ 4 i 14 0 •»i n 8 1 m 
4 3 u 1 H If) •J 9 

•’ITT 8 1 

5 4 iir {] 1() 0 8 m 
6 4 <*) l.v 17 () 44 8 
7 4 2 11^ 18 6 44 8 
8 4 2i 1^ 19 8 4 1 9 m 
9 6 24 H ' 1^ 20 8 44 9 4 

10 , 6 2i « 1 21 8 48 il 44 
11 6 n , 

8 ' 22 8 18 !) 48 
1 12 6 8 23 8 m 9 44 

13 f) -ii ' 8 2/ 24 8 9 m 

The bolts may either be parallel or tapered. In tapeied bolts 
the heads are often dispensed with. 

Taper of bolts = | inch (on the diameter) per foot of length. 

Diameter of screwed part of bolt=di = ^^^^iii*^~^. 

Thickness of nut = to ^di. 
Thickness of flange = 2"= *27i>+ 2 inch for solid shafts. 

= for hollow shafts. 

Diameter of flange = F= C+1 *9^=2> + 3'9d. 

Sellers’ Cone Coupling.—This coupling consists of a cast-iron 
muff, bored out to a double conical form, and two split cast-iron 
conical sleeves, which are pulled together by bolts, as shown. 

|4.-B->1 

The friction between the sleeves and the shaft may be quite 
Buffioient to prevent slipping, but as an additional aeouzity a 
side-fitting sunk key without taper is generally added. 
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A H If 2 i 2i 24 n 3 4 5 
B 5i 64 ‘ H n n 11 12^ 
C G 7 8 1 n U)i VM 154 18| 
D 34 4 4| 1 6 6 HS 104 
E 2i 21 3 > H n f) 74 
F A A i i 1 1 14 14 
Taper of cones li inches on the diameter per foot of length. 
All the dimensions in the above table are in inches. 
Hooke’s Joint or Universal Coupling.—This form of coupling 

is used to connect two shafts whose axes intersect, and it has 
the advantage that the angle between the shafts may be varied 
while they are in motion. 

The diagram (a) shows the main features of the coupling. 
AB and (7/>, the shafts to be coupled, are forked at their ends. 
The forks cairy between them a cross EKFH, the arms of which 
are at right angles to one another. The arms of the cross are 
jointed to the forks so that they may turn freely about their axes. 

The angular velocities of the shafts AB and Cl) are unequal 
except at every quarter of a revolution, and this inequality is 
greater the greater the acute angle between the shafts. 

By using a double joint, as shown at (6), the shafts A and B 
have the same angularvelocities, provided they make equal angles 
with the intermediate shaft (7, and are in the same plane with it. 

The illustration below shows the details of the construction 
of one form of Hooke’s joint, the parts being made of wrought* 
iron or steel. 
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Oldham’s Coupling.—This coupling is used for connecting 
shafts whose axes are parallel and at a comparatively short dis* 
tance from one another. I'he grooved discs are secured to the 
shafts, and a third disc is placed between them. This third 
disc has two cross bars, one on each face, and at right angles 
to one another. These cross bars fit into the grooves on the other 
discs. All the discs are made of cast-iron. 

The angular velocities of the two shafts and the intermediate 
disc are equal to one another at every instant. 
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Conical Friction Coupling.— 
\ inch. _ 

Bi = 2D *5 inch. ' 
C’=l-5/A 
E= ’4 iricli. t- 
F=1HD. ^ 

1Z2D. 4-7- 

T- '\\D’3 inch. o L 
i^-237>+-2 inch. ;.Q_ ? 
a = from 4 to JO — ' 

degrees. 

Mean diameter of conical T-^ 
part may be from four to eught times 
the diameter of the .shaft, being larger 
the greater the amount of power which 
the coupling has to transmit. 

Shifting Gear for Clutch Couplings. 

The dimensions E and T are made to suit the groove on the 
coupling. 

BEARINGS EOB SHAFTS. 
Area of a Bearing.—The area of a bearing is the area of its 

projection on a plane at right angles to the direction of the load 
on the bearing. 

Let a=area of bearing. 
For a cylindrical journal bearing of diameter d and length I, 

Of ~ cK. 
' For a pivot bearing of diameter a='7H54(P. 

For a collar bearing having n collars of outside diameter Z>j 

and inside diameter A, a=’7854(/>i when the bearing 



surface is all round the collars. When horse-shoe collars, such 
as are shown on p. 449, are used, the total area of the bearing is 
approximately «(A- />y)(’78Z)i4-'‘17/)2). 

Intensity of Pressure on Bearings.— 
jK = loa(l on bearing in lbs. 
a —area of bearing in square inches. 
p = in tensity of pressure on bearing in lbs. per square inch. 

« = and R -pa. 
a 

p varies greatly in different cases. It is generally smaller the 
greater the speed ; and, in cases where the load is intermittent 
or changes from one side of the bearing to the other during 
each revolution, p may be greater than in cases where the load 
is a steady load. 

For the main journal bearings of steam-engines, the maximum 
value of p is 600 for slow and 4(X) for fast going engines ; but 
where space will permit, it is desirable to make the bearings of 
such a length that p is from 2(K) to 300. 

For railway axles p varies from 160 to 3(X). According to the 
late Mr. Joseph Tomlinson, j) should not exceed 280 for railway 
axles. 

For the thrust bearings of propeller shafts, p = 40 to 70. 
For pivot bearings which have to run continuously at moderate 

and high speeds, p should not exceed 250. 

Brasses or Steps for Bearings.— 
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Ordinary Plummer or Pillow Block. 

d = diameter of bearing in inches. 

.i=l‘06d + *6 inch. 

^='3ci + -3 inch. 
*30?+ *4 inch. 

I varies considerably, 
rule is, 2=sl*5<j. 

^=-26(i+-25 inch. 
' /=l'6(f + l*5 inches. 

-ff=s2*7<i + 4*2 inches. 
L=3*6rf + 6 inches. 
e=-09d + *16 inch. 

One rule is, Zscf + 1 inch. Another 



Unit for proportions = rf + ^ inch. 
rf=diameter of bearing in inches. 

The width B and the length between the joggles must be 
made to suit the particular pillow block or pedestal to be sup¬ 
ported. The distance h may be made to suit the height to which 
it is required to raise the pillow block, but it must not be less 
than the thickness of the heads of the bolts used to secure the 
block to the sole plate. The height of the sole plate may be 
reduced by adopting the design shown at (a). 
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Standard and Bearing.—The height h is made to suit the 
height of the shaft from the floor to which the standard is 
attached. 

For the proportions of the brasses see p. 438. 

The standard may be bolted directly to the floct, but prefer¬ 
ably it should be mounted on a sole plate such as is shown at 
(a) on p. 440; this will permit more readily of accurate lateral 
adjustment. 

Standards for Pillow Blocks.—The height of the standard 
must be made to suit the height H of the shaft and the height 
A of the pillow block. The length Li between the joggles and 
the width B must be made to suit the particular pillow block to 
be supported. For proportions of pillow blocks see p 439. 

The second illustration on the opposite page shows a heavier 
design than the preceding one As before, the height of the 
standard depends on H and A. The dimensions By Lx, and R 
are made to suit the pillow block. 

Unit for proportions=(f + J inch, 
diameter of bearing in inches. 
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Wall Box for Pillow Block. 

c£= diameter of bearing of pillow block in inches. 
The length between the joggles and the width B must be 

made to suit the particular pillow block which has to be sup¬ 
ported. 

Wall Bracket and Bearing. - 



IJl ^UNlT-a4ir ,--r4c.-|.7->-S 

i Vsp 
The dimensions marked B and Lx must be made to suit ^6 

particular pillow block which the bracket is designed to oartyt 
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80 also must the distance between the holes for the bolts which 
secure the block to the bracket. For proportions of pillow 
blocks see p. 439. 

Unit for proportions = l*15c? + '4 inch, 
diameter of bearing in inches. 



ENLAROEMeNT 
AT E. 

Unit for proportionsinch. 
c?=s diameter of bearing in inches. 

With the exception of the bolts and set screws, all the parts 
are made of cast-iron. 

The distance a may be varied within wide limits, but it usually 
lies between 6d^ and I2d. 





FOOTSTEP BEARINGS 

Unit for proportioDs=l'16(f+*4 inch, 
diameter of bearing in inches. 
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Thrust of a Screw Propeller.— 
H— indicated horse-power of engines, 

speed of ship in knots, 
speed of ship in feet per minute. 

= thrust of propeller, or total load on thrust bearing in lbs. 
mechanical eflficiency of engines and propeller, or ratio of 

power used to propel the ship to the indicated horse-power. 

R X 33000 x E. 
jy X 3300033000 x E 

~ E~ ~ - A"x 101*33 ’ 

E may be taken equal to *7. 

Thrust Bearings for Screw Propeller Shafts.*—Small shafts 
up to 8 inches diameter have often only one thrust collar, but 
sometimes comparatively small shafts have several tlirust 
collars. In the latter case the bearing may have a brass bush 
in halves containing grooves to receive the collars on the shaft, 
or the bearing may contain a number of rings in halves which 
fit betw^een the collars on the shaft. The general practice 
now, especially with large shafts, is to place between the collars 
cast-iron or cast-steel horse-shoe shaped pieces faced with brass 
or white metal. For steel shafts the horse-shoe pieces should 
be faced with white metal. 

The illustrations below and on the following page show a 
design for a thrust bearing by Messrs. David Rollo & Sons, 

Liverpool. The proportions marked on the illustrations are in 
terms of the unit D-f-J inch, where J) is the diameter of the 
shaft in inches. These proportions have been deduced from the 
dimensions of a bearing of this design for a shaft 16J inches in 
diameter, given in Engineenng, vol. Ivi. p. 206. The shoes are of 
cast-steei, and are hollow, water for cooling purposes circulating 
through them. The sides of the block are double, and wacer is 

* For MidheU thrust bearings see p. i67. 

P 
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passed through these also. The longitudical screws for adjust¬ 
ing and holding the shoes are of manganese-bronze. 

For the area of the bearing surface of thrust collars, and for 
the working pressure allowed on them, see pp. 437 and 438. 

The number of collars is generally about ^-2, where D is 

the diameter of the shaft in inches. 
Mr. G. R Bate gives the following rule* for the surface of 

thrust collars :— 
917 

where 
KP 

>8=surface of thrust collars in square inches per indicated 
horse-power. 

K — speed of vessel in knots. 
P=pressure on thrust collars in lbs. per square inch. 
In ordinary practice P varies from 50 to 60 in naval work, 

and 40 to 50 in mercantile steamers. Where white metal is 
fitted these loads may be safely increased by 25 per cent. 

* The Practical E'ligineer^ vol. x. p. 344. 
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Hofhnann Ball Bearings.* 
The Hoffmann Manufacturing Co, Lid,, Chelmsford, 

Deep Groove Ball Journals—Light Typo. 

Dimensions in Inches. 
Approx. 
Weight, 

Working Load, Lbs. 

R.P.M. 

Lbs. ■ 
B 2) w r 100 800 600 1000 1600 

i i A •08 390 270 220 180 160 
i lA A A •14 510 350 280 240 210 
} li A A •25 800 560 440 370 330 

i 2 A A •32 860 600 470 400 360 

1 2i f A •41 890 620 490 410 360 
H H f A •53 930 640 510 430 370 
H 2} H A •7 1100 780 620 520 450 
If 3 ii A •83 1350 930 730 620 540 

li 3i i A 101 1720 1200 950 800 700 
li 3i i A 119 1800 1250 990 840 730; 
ij 3i ti A 1-48 2250 1650 1250 1060 910 
li 4 A 1-72 2350 1650 1300 1100 960 

2 4 u A 1-77 2700 1860 1460 1260 1100 
24- 44 1 

* ■Ar 24 3350 2360 1860 
2i 6 

TTST 
A 3-28 4100 2860 2250 T 

2i H if A 3-46 4500 3100 2450 
1 

3 H l-h A 4-74 4850 3360 2650 
f 

3i 6 liV A 506 6100 3660 2800 I 
3i 6i H i 6-28 6000 4150 3300 • 0 
3i 61 li i 6-53 6500 4500 3600 1 

4 n li i 8-6 7600 6000 4150 1. ri 

4i 7* li i 8-76 8100 6600 4450 j 
4i 8 1* i 10-67 8600 6900 4700 f % j 

Load Tables.—^The load tables are based on the manufacturers* 
experience, and may be used without reservation in many oases 
where conditions are normal. For shook loads and dead weights 
roller bearinffs are preferable, and a factor of safety of 1*6 to 2 
should be aUowed. For continuous running, 24 hours a day, 
a factor of safety of 1*2 to 1*6 is advised. 

* Tb» tables give a selection from tbe ranges of bearings avallabls. 
mannfacturefs should be ooosulted for farther parttoulars of ball and soUsr 
beariii0i 
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Hoffmann Ball Bearings. 
Deep Groove Ball Journals—Mediiim Type. 
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Hofimann Roller Bearings. 
Rigid Roller Journals—Light Type. 

1 1 Working Load, Lbs. 
Dimensions in Inches. 

Approx. 
Weight, 

B D w r 
Lbs. 

i lA i A •1 
i 1A id A •17 
i 15 A A •3 
i 2 A A •32 

1 2i i •46 
1* 25 5 iV •67 
H 2i H A •74 
i| 3 n A •9 

H 35 5 
;iw 

32 M 
35 5 1-34 
35 i8 A 1-58 
4 58 3% 1-87 

2 4 18 A 1-75 

H 45 i A 2-45 
6 H 3-2 

H 55 a 3*1 34 

3 55 lA A 4-62 

H 6 liV A 4-84 
3* 65 15 5 604 
3i 65 15 5 6-37 

4 75 15 814 
75 15 i 8-51 

4 8 ll^r 10*36 
85 lA 5 10-82 

3 9 If 5 1419 
6* ! 95 l| 5 1514 
6 105 lA A 2M9 
6i 11 lA A 22-57 

7 12 1{ A 30-26 
/7i 125 A 32 

3 j 13 4 A 34-5 
8| 1 U 1 2 1 A 46*25 

19000 14500 12000 
20000 15000 12600 

23000 17600 14600 
23500 18000 16000 
28500 21600 18000 
29000 22000 18600 

37000 28000 23600 
38000 29000 24500 
39000 29600 25000 
49500 37500 32000 

1000 1500 

450 410 
500 450 
860 770 
890 810 

930 840 
1000 920 
1550 1400 
1650 1500 

2200 2000 
2300 2100 
2400 2150 
2450 2250 

2450 2250 
3400 3050 
4250 3850 
4400 4000 

6600 6100 
6700 6200 
7100 6400 
7400 6700 

8600 7800 
9200 8400 

I 
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Hoffinazm Needle Boiler Bearing's. 

Complete Bearings. 

Dimenaions in mm. 

B D w E r 

12 30 20 18-4 1 
16 36 20 22*3 1 
17 37 20 24 7 1 
20 42 20 28-7 1 
25 47 22 33*5 1 

30 52 22 38-2 i 1 
36 68 22 44 i 1 
40 65 22 49-7 1-5 
46 72 22 55-4 1-5 
50 1 80 28 62-1 2 

65 85 28 68-8 2 
60 90 28 72-6 2 
65 95 28 78*3 2 
70 100 28 i 831 2 
76 110 32 90-8 2 

80 116 32 95-5 2 
85 1 120 32 1012 2 
90 125 32 i 105 2 
96 130 32 110-8 2 

100 135 32 116-5 2 

110 160 40 127 3 
120 160 40 137 3 
130 180 62 151-5 3 
140 190 62 161-7 3 
160 200 62 

1 
171-9 3 

[ 

I 

( 

The bearing consists 
of one plain cylindrical 
race and one lipped race, 
having between them 
a sufficient number of 
rollers of almost needle¬ 
like proportions to fill 
practically the whole of 
the space between the 
two. It is useful for 
oscillating motion or 
where loads and speeds 
fluctuate continuously. 

These bearings can 
be supplied, as specials, 
with rollers retained in 
the outer race, but this 
entails extra width. 

I.- -.W 

Needle Boilers. 

Diameter • mm. 2 2 2*6 2-6 2*6 2*6 
Length mm. 7*8 9-8 13-8 16*8 

Diameter . 3 3 3 3 3*6 4 
Length 
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SKF spherical Boiler Bearings. 

The Skefko Ball Bearing Co. Ltd., Luton. 

Medium Type, Self-aligning Radial Roller Bearings. 

d 

Millime 

D 

tres. 

B r 
approx. 

Weight. 
Lbs. 

Basic 
Load at 

1-16 R.P.M. 
Lbs. 

Max. 
Catalogue 

Speed. 
Il.P.M. 

40 90 33 2-5 2-27 18000 5000 
45 100 36 2-5 3-08 22000 5000 
50 110 40 3 4-20 31000 6000 
55 120 43 3 5-28 36500 6000 
60 130 46 3*5 6-61 45000 6000 

65 140 48 3-5 7-92 48500 6000 
70 150 51 3-5 9-59 64000 5000 
75 160 55 3 5 11-88 66000 3000 
80 170 58 3-5 14-04 77000 3000 
85 180 60 4 16-28 86000 3000 

90 190 64 4 19-40 100000 3000 
95 200 67 4 22-66 110000 3000 

100 215 73 4 28-65 130000 1500 
110 240 80 4 40-00 160000 1600 
120 260 86 4 48-70 195000 1600 

130 280 93 5 63-00 220000 1600 
140 300 102 5 78-46 240000 750 
150 320 108 5 93-70 275000 760 
160 340 114 5 113 295000 750 
170 360 120 5 132 340000 760 

180 380 126 5 155 375000 750 
190 400 132 6 179 405000 500 
300 420 138 6 207 440000 500 
220 460 145 6 269 520000 500 
240 500 155 6 340 610000 300 

260 540 165 8 423 700000 300 
280 580 175 8 ^ 516 1 790000 300 
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Permissible loads when the bearings are at rest are about 
two-thirds of the tabulated loads for 1-15 r.p.m. The permissible 
load P at a speed of n r.p.m. may be found approximately from 
the formula P = iTi.ig//, where is the tabulated load and } 
is the speed factor. Values of / are given for a number of speeds. 

R.P.M. / R.P.M. / R.P.M. / R.P.M. / 

30 1-26 100 1-88 300 2-71 1500 4-62 
50 ! 1-49 150 216 500 3-21 3000 6-83 
75 1*71 200 2*37 750 3-68 6000 6*92 

The tabulated loads are based on a life of 500 hours. For 
other lengths of life, a life factor 8 is used. Some values of 8 
are given below. 

Life-Hours. 600 4000 1 13000 30000 60000 

8 1 2 3 4 6 

In practice P is known, and a load near the value given by 
is then found in the table, and so the right size of 

bearing is selected. 
When radial and thrust loads act simultaneously on a radial 

bearing, P=R-hyA, where P is the equivalent radial load, R is 
the actual radial load, A is the actual thrust load, and y is a 
coefficient depending on the type of bearing. For the bearing 
illustrated on p. 458, y = 2, provided the actual thrust load is 
small compared with the radial load. The value of y is 2-3 
when the thrust load is 50 per cent, of the radial load, 2*5 when 
the thrust load is equal to the radial load, and 2-7 when the 
load is purely thrust. 

Notes on a Few Types of Skefko Bearings.* 
Deep groove, single row ball bearing (Fig. 1).—Deep ball tracks 

give full support to the balls, even unaer thrust load. No filling 
slot. Light but strong cage, suitable for relatively high speeds. 
Thrust load taken in either direction, alone or in combination 
with radial load. For thrust duty some slackness is necessary 
in the bearing, so that, when thrust is applied, a line through the 
contact points between the balls and tracks will make an angle 
with the axis of rotation. Axial and radial play can be ehmi- 
nated by providing initial thrust between two bearings. Mis¬ 
alignment up to about can be dealt with. 

Double row, self-aligning ball bearing (Fig. 2).—There are two 
tracks of normal form in the inner ring, but the outer ring track 
is spherical, the radius of curvature having its centre at the 

* The manofsotams shoold ba oonsoltod tor toll partioolan of thdr bidl 
i&d idler baadngs. 
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geometrical centre of the bearing. This bearing is particularly 
valuable where misalignment is expected. It is also supplied 
with taper bores and adapter sleeves for secure fixing on a shaft 
without shoulders. In addition to radial load, thrust in either 
direction may be taken, but the single row type has a greater 
thrust capacity. A wide double row series is made, and this 
takes a fairly high thrust. 

Fig. 1. Pig. 2. Fig. 3. 

Double rowy spherical roller bearing (Fig. 3).—This bearing is 
intended for heavy loads, as in rolling mills, railway axle-boxes, 
etc. The rollers are barrel-shaped and make line contact with 
the inner ring. The outer ring has a spherical race-way, common 
to both rows of rollers. The axes of the rollers converge to a point 
on the main axis of the bearing. The bearing is seH-contained, 
and can accept both radial and thrust loads in either direction. 

Pig. 6. 

Cylindrical roller bearing, — The two main types have either 
a flanged inner ring (Fig. 4) or a flanged outer ring (Fig. 5). The 
flanged inner ring is the more common. All types are made in 
light, medium, and heavy series. 

Tapered roUer bearing (Fig. 6).—^The bearing takes thrust in 
one direction as well as radisJ load. The large ends of the rollers 
are spherical in form, and the inner ring flange against vMoh 
they Dear is also a sphere of the same radius; this prevents the 
rollers from skewing and reduces the frictional resistsuoe. 
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Timken Tapered Boiler Bearings.* 

British Timken Ltd., Birmingham. 

Single Bow Bearings—Light Type. 

Dimensions in Inches. Capacity at 600 K.P.M. 
with 600 Hours Life. 

A B C D E Eadial 
Lbs. 

Thrust 
Lbs. 

i H -6245 -550 A 780 420 
f If A -578 A 840 615 
1 1-850 •666 -562 A 995 696 
i 2 u *667 i 1045 825 

1 2 n -709 a 1410 900 

H a n 1920 1320 
u 2-717 n -771 1960 1460 
If 2-717 H •771 r 1960 1460 
ij •8268 -8244 2280 1790 
11 3-3465 ; -748 -7645 2370 2070 

2 m -875 -876 i 3220 2135 
2J -8268 -889 -7018 1 3355 2325 

4-333 -866 •866 -6786 3476 
! 

2645 

* The tables a selection from the ranges of bearings which are generally 
available. A. few other types are shown in Uie Figs, on pp. 464 and 465. Thfa 
flna, who also make ball and parallel roller bearings, should be consulted for 
hirther partioulais. 
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Timken Tapered Roller Bearings. 

Single How Bearings^-Medium T3rpe. 

Dimensions in Inches. Capacity at 600 R.P.M. 
with 600 Hours Life. 

A B G D E Radial 
Lbs. 

Thnist 
Lbs. 

i li n •888 1330 635 
1 1*938 •848 a 1440 755 
} 2*240 II •781 i 1735 1045 

1 2J e H f 1920 1320 

n 2*8346 •748 •745 t 2075 1465 

li 2-615 1 •973 if 2945 1580 
4 3 H 1010 i 3100 1845 

If 3A ItV 1-466 « 4230 2540 
2 3*6719 ll^ 1*193 4620 3065 
2i 41 lA 1*162 f 4900 3220 

2J 4/y lA 1*183 if 5155 4060 
2f 4-7244 1-1417 1142 •923 5510 4155 
3 5| 1-A m i 6075 5285 
3i 6-5118 1/t 1*4212 If 7655 6060 
3i 6 lA 1*430 

1 lA 8450 7320 

3i 61 lA 1-422 lA 8685 8080 
4 6i 4 If lA 10400 9610 
4* IH If 14490 11805 
5 9i 2| 2i lif 22910 16595 
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Timken Tapered Boiler Bearings. 

Single Bow Bearings—Heavy Type. 

Dimensions In Inches. Capacity at 500 R.P.M. 
with 600 Hours Life. 

A B 0 D E Eadial 
Lbs. 

Thrust 
Lbs. 

i 2-240 n *781 f 1736 1045 
i 2-240 H •975 H 2475 1125 

1 2-616 H •976 i 2790 1390 
4 2i 4 •973 i 2945 1580 
4 2-8594 lA 1-1811 4 3690 2160 

4 33*1 11965 n 4030 2190 
4 lA 1-216 if 4230 2400 
If 3-4844 lA M45 i 4250 2460 
4 3-6719 lA 1193 H 4620 3065 
4 4 4 1-420 lA 6205 3465 

2 4 1-455 lA 6510 3785 
2i 4 1-444 lA 7105 4830 
2* 5 lA 1-444 4 7395 6270 
2i 5| If If 4 9060 6435 
3 6-596 4 1-815 lA 9420 7130 

H 5-909 4 1-838 lA 12040 7680 
H 6| il 1-9 4 12560 8390 
3i H 4 If 4 13040 9860 
4 7* 2f 2-265 4 i 17850 11705 
4 Si 2f 2| 24 21020 13420 
6 lOA 3A 3i 2| 28435 17916 
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Timken Tapered Boiler Bearings. 

Single Row Bearings—High Thrust Type. 

Dimensions in Inches. Capacity at 600 R.P.M. 
with 600 Hours Life. 

A B G D E Radial 
Lbs. 

Thrust 
Lbs. 

1 i -845 i 1930 2805 

n 2-8594 u •955 H 2635 3120 
H 3i 1 •9478 H 2935 3845 

n 3-4844 1 •933 H 3030 4635 

If 3J lA 1-114 H 3680 5346 

2 lA 1-291 1 6765 8330 
6-513 1-437 1-3086 -926 6856 11635 

3 7 2* 2 If 11200 16765 
4 7-874 2A IB If 16436 19135 
4i 9 2* 1-946 16780 22780 
5 12i 3i 3i 2i 33236 47670 

Other types of tapered roller bearings are shown in the 
illustrations on p. 465. 



TIMKEN TAPERED ROLLER BEARINGS 465 

Speed Factors.—For bearing rating at any speed, multiply 
factor by the rating at 500 r.p.m. Factors not in the table may 
be obtained approximately by drawing a graph of the given values. 

E.P.M. Factor. R.P.M. Factor. R.P.M. Factor. R.P.M. Factor. 

100 1-621 500 1-000 1500 0-719 3000 0-584 
200 1-317 750 0-885 1750 0-687 3500 0-558 
300 1-166 1000 0-812 2000 0-660 4000 0-536 
400 1-069 1250 0-760 2500 0-617 5000 0-501 

Service Factors.—In selecting a tarred roller bearing a service 
factor must be taken into account. This is a product of a factor 
appropriate to the application and one giving a selected number of 
liie-hours. This factor varies from 1*75 for household appliances 
to 7 for paper mill machinery. A good average value is 3-5. 

TYPE OP TYPE NA 

TYPE SP 

li
l 

a A; 
IHH B HH 9

 

V/^\ 
m 

TYPE QO 

Sdection of Bearings.—The tabulated radial and thrust ratings 
are to be considered separately. Calculate the required load on 
the bearing, then— 

T> . j X Calculated load X Service factor 
Reqmredrating at 600r.p.iii.=-gpeedfaotor- 

When radial and thrust loads are carried simultaneously, 
oaloulate the equivalent radial load from the formula— 

jESquivalent radial load=0*66 x Kadial load -f h x Thrust load, 

where For a first trial take k=1*6. 
j%TU8t rating 



TIMKEN RAILWAY AXLE-BOXES 

Timken Railway Axle-boxes for Outside Journals. 

F . E . i_B_. 

Leading Dimensions —Inches. Weight, Kadial Bating 
at 600 B.P.M., 

A B II E F Lbs. Lbs. 

2-875 j 7-000 3-625 4-760 4-626 70 4850 
3-000 ! 7-250 3-750 6000 4-876 80 6140 
S-125 7-500 3-876 6-260 6-126 96 7720 
3-700 8-375 4-375 6-600 6-375 120 8700 
4-000 9-250 4-760 6-375 6-250 160 11300 

4-750 10-250 6-260 6-600 6-376 190 12720 
4-875 10-626 6-600 6-750 6-626 225 14960 
5-000 11-250 6-876 7-000 6-876 260 18640 
6-376 12-000 6-376 7-126 I 7-000 300 26000 
6-000 13-600 6-876 7-260 7-125 350 30600 
7-000 14-600 7-600 7-626 7-600 400 32360 

Timken Bogie Centre Pivot Bearings. 
Hard Rubber Ring? 

Special Quality - B . Fdt Ring?8 
Canvas Reinforced ' 

The design incorporates a rubber pad of oil-resisting and high 
loading qualities. This pad prevents uneven loading of the bear 
ing and absorbs vibration and noise. 

Dimensions—^In. Dimensions—^In. 

83660 09 
88560 104 

114460 168 
131960 190 
154000 330 78 

64 
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mOHELL BEABINGS. 

Michell Bearings Ltd.^ Newcasth-cm’Tyne, 

The Michell bearing makes use of the principle that bearing 
loads should be carried completely by the lubricating oil, instead 
of the oil acting merely to reduce friction between metallic 
surfaces. The bearing takes its name from the inventor, Mr 
A. G. M. Michell. 

In all Michell bearings there are two elements: the shaft 
(either journal or thrust collar), and the six or eight bearing parts 
which are pivoted and known as pads. These two elements never 
come into contact, being forcibly separated and kept apart by 
automatically generated tapered oil films drawn from the normal 
oil supply. There is no metallic friction, no wear, and no re¬ 
newal of parts so long as good clean oil is present in sufficient 
volume to carry the load. 

Figs. 1 and 2 illustrate the action in a Michell thrust block 

and a Michell journal bearing respectively. The tapered pres¬ 
sure oil film, or wedge of lubricant, is self-generated by the 
motion of the shaft or collar and is not dependent on any ex¬ 
traneous pressure from an oil pump. The pads are so designed 
that they tilt and float on their own oil films, and they have 
white metal faces, as white metal is less liable to damage from 
foreign matter which may be present in the oil. 

In the thrust bearing, as the thrust collar revolves in its oil 
bath, the oil adhering to its surface is carried round and lifts 
every pad at its leamng edge to admit the tapered oil film. 
Thus every pad generates a tapered pressure oil film of a thick¬ 
ness appropriate to the load, the speed, and the viscosity of the 
lubricating medium. For maximum efficiency, the pivot is 
“ off-set ** from the centre of the circumferential width of the 
pad, and this off-set is right-handed or left-handed to suit the 
dirootion of rotation. When necessary, the pads can be pivoted 
centrally to suit both directions of rotation, with a slight re¬ 
duction in effidenoy. 

The Michell thnxst bearing is a simple single-collar unit 
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capable of carrying at least twenty times the load per square 
inch of a flat multi-collar thrust bearing. Thrust shafts may be 
di^osed at any angle and standardised designs are available. 

The Michell journal bearing usually has six pads surrounding 
the shaft journal. Each pad is free to tilt, and is prevented 
from cross-winding by suitable flanges. Oil is automatically 
introduced between each pair of pads from an annulus in the 
housing. 

Load-carrying Capacity. — The working load depends on 
several factors, mai^y diameter, length, peripheral speed, and 
viscosity. The capacity increases with the speed, and loads of 
several thousand poun^ per square inch have been sustained 
in prolonged tests. For bearings which do not start under full 
load, up to 500 lbs, per square inch may be used, but 350 lbs. per 
square inch is taken as the limit when starting under full load. 
However, it is to be noted that bearings will work satisfactorily 
with considerable overloads. 

The formula for the thrust of a propeller is given on p. 449. 
Friction. — Experiments with a Michell bearing loaded to 

560 lbs. per square inch gave a coefficient of friction yM=0 0020, 
and the calculated figure was 0-0022. The coefficient of friction 
of a good ordinary bearing is 0-036, about eighteen times as 
much. 

Lubricating Oil.—Any good quality pure mineral oil is re¬ 
commended. In average cases a mineral oil having the following 
approximate viscosity at a temperature of 140° F. (60° C.) is 
suitable: 0-2 absolute viscosity in C.G.S. units, corresponding 
to 92-5 Redwood seconds, or 111 Say bolt seconds, or 3-3 Engler 
number. Forced lubrication is never required. 

Dimensions.—Drawings and sizes of typical bearings are shown 
on pp. 469 to 472. 



MIOHELL HORIZONTAL THRUST BBARINOS 

Michell Horizontal Thrust Bearings. 

Shaft 
Diameter. 
Inches. 

Thrust 
Surface. 
Sq. In. 

Inches. 

F C* 0 H a B L E 

Jto H H 6J 4 1-722 n 11 1 1 41 
l| to 1} H 44 1-975 14 24 4 14 41 
If to If H 6i 2-35 11 3 1 H 14 
If to 2 8* 64 2-789 2 31 14 14 1 \ 
2 to2i 9 10 71 3-193 24 44 14 2 li 

2ito3 14 114 84 3-757 3 64 2 24 li 
3 to3i 19 13i 104 4-442 3i 64 21 24 2 
3i to 4 26 i4 111 5-01 4 74 21 3 2 
4 to5 40 174 144 6-07 4i 9 34 34 2] 
5 to 6 55 201 174 7-012 5 11 44 4 3; 
6 to7 80 231 101 7-891 6 13 64 44 3; 

* The dimension 0 is the outside diameter of the casing over the water 
Jacket which extends only about 270"*, 
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BELT GEARING. 

TransmisBion of Motion by Bands.— 

7>i = diameter of driving pulley, or driver, in feet. 
/>.2~ diameter of following pulley, or follower, in feet. 
7^1 = speed of driver in revolutions per minute. 
7V^2 = speed of follower in revolutions per minute, 

speed of band in feet per minute. 

F= 3141 QDiNi = 

Ni A* 

The effective diameter of a pulley carrying a band is equal to 
the nominal diameter plus the thickness of the band. The 
above formulae are only strictly true when Di and are the 
effective diameters of the pulleys. 

When motion is transmitted from a pulley ^ to a pulley Py 
through a number of intermediate pulleys A />, Ey of which B 
and C are fixed to one shaft and D and E fixed to another, then, 

A y ^8 V 

Ni A A A’ 
where A, A A A A are the diameters of the pulleys 
At By ft Z>, E, and respectively, and A and Nq are the speeds 
of A and .P respectively. To be exact, the diameters taken should 

the effective diameters, as explained above. 
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Lengijh of a Belt connecting Two Pulleys. 
C ----—M^“ 

H-.*-Q-H 

Crossed band Open band. 

The length (Z) may be obtained by measurement from a scale 
drawing, or by calculation, as follows :— 

First calculate sin 0 from 

sin 0 = ^^"^ ^ for a crossed band, 
2c 

or sin 0 = ^ for an open band. 
2c 

Next find from a table of sines the angle 0 in degrees, and 
then find cos 0 from the table of cosines. 

If n is the number of degrees in the angle, its circular measure 

is ; let this be denoted by 0, then, 
loU 

Z = + 0 ^ (Z? -f cf) + 2c cos 0 for a crossed band, 

L = + (/) + 0(i> -d)-h2c cos 0 for an open band, 

= + + 2o nearly, when 0 is a small angle. 
2 4c 

Stepped Pulleys. — Stepped pulleys must be 
designed so that the same belt will be equally 
tight on each pair of opposite steps, 

iV'=speed of driving shaft in revolutions 
per minute. 

Til, Tijj, etc. = speeds at which shaft CD may 
be required to run, in revolutions per 
minute, 

i>i, Z>2, etc.=diameters of steps of pulley 
on AB. 

di, ^9, etc. = diameters of steps of pulley on 
CD. 

Di'~ni D%~~ ni 
etc* 
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Assume the diameter A, then c?i = _NDi 
ni 

For a crossed haiid, = Jh + rfi, 

hence 02=+ and = 
N 4- ?l2 AT + 7^2 7^2 

For an open hand, determine and d^ as above for a crossed 
band, and use their difference Do—d^^x in the following for¬ 
mulae to determine more approximate values of Z>2 and c^2 •— 

iV + 7l2 ( 27rc ( W2 

The equations for a crossed band are correct, but those for an 
open band are not quite exact; they are, however, sufficiently 
approximate for all practical purposes. 

Pulleys on Shafts which are not Parallel. Guide Pulleys — 

The pulleys marked A are guide pulleys. 

The important rule to be observed in arranging the positions 
of the pulleys is this, the point at which the band leaves one 
pulley must be in the central plane of the next pulley. 

Speed of Belta—For main driving belts the lineal velocity 
should be from 3000 to 4000 feet per minute. In America a 
speed as high as 6000 feet per minute has been attained in a 
main driving belt, but such a high velocity is unusual. 

Strength of Leather Belts.—The tenacity of the leather used 
for belting may be taken at from 3000 to 6000 lbs. per square 
inch. The strength of a riveted joint is about half the strength 
of the solid leather, and the strength of a laced joint is only 
about one-third of the strength of the solid leather. 

The working stress is usually taken at from one-fourth to one- 
third of the ultimate strength of the weakest part of the belt. 
It will be found in practice that the working stress is generally 
from 200 to ^50 lbs. per square inch of solid belt section. 
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The following table gives the working strength per inch of 
width for belts of different thicknesses :— 

Thickness of Belt in Inches. / 1 6 v. ® / 1 32 Vi. 
Safe tension in lbs. f200 37 44 50 56 62 

per inch of width [250 47 55 62 j 70 78 
when the safe stress )300 56 66 75 84 94 
is . 1350 66 77 87 98 109 

Leather Link or Chain Belting-—The links are made of leather^ 
and are connected by wrought-iron or steel pins. The belt may 
be made of any width, and it works freely on pulleys of small 
diameter It works well at high speeds. 

When a link belt of considerable width works on a curved 
pulley rim, the section of the belt should be made to suit the 
curvature of the rim, as shown at (a), or it should be binged 
longitudinally in the centre, as shown at (6). In the latter case 
it is best to make the rim of the pulley of a double conical form, 
so that the section consists of two straight portions instead of 
the usual curve. 

$=breadth of links in inches. 
thickness of links in inches. 

d=: diameter of pins in inches. 
»=number of links in extreme width of belt. 
/=8afe working stress on leather in lbs. per square inch. 

n 
Safe load on tight side of d)tf when w is an mm 

tl 1 
number, and = —^(6 - d)</ when n is an odd number. 
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Frictioii of a Band on a Pulley.— 
= tension on “ tightor driving por 

tion of band. 
^2 = tension on “ slack ” portion of band 

angle of contact AOO between banc 
and pulley, in circular meatv/rc 

arc ABC 
~ radius OA' 

ri=angle AOC in degrees. 
At=coefficient of friction between band 

and pulley. 
e=base of Napierian system of loga¬ 

rithms. 
T 

When the band is on the point of slipping, y^=e^. 
^‘I 

T 
7h log e— •4343/46^. 
^ 3 

= *00758Atn. 
T 

The following table gives values of the ratio ~ for various 

values of g. and 6 when the band is on the point of slipping:— 

Angle of 
(AO 

Circular 
Measure 

(»)• 

Contact 
C). 

Degrees 
{n). 

T 
Ratio of Tensions ^ when the Band is on the 

Point of Slipping. 

II ^=*3 /x=-4 li 

•3491 20 1-072 1-110 1-150 1-191 
•6981 40 1-150 1-233 1*322 1-418 

1-0472 60 1-233 1-369 1*520 1*688 
1*3%3 80 1-322 1-520 1-748 2-010 

1-7453 100 1-418 1-688 2-010 2*398 
2-0944 120 1-520 1*874 2-311 2-850 
2-4435 140 1-630 2-081 2-658 3-393 
2-7925 160 1-748 2-311 3-056 4-040 
3-1416 180 1-874 2*566 3-514 4*811 

3-4907 200 2*010 : 2-850 I 4-040 5-728 
3*8397 220 2*155 3*164 4-646 6-820 
4-1888 240 2-311 3*514 6*342 8*121 
4*7124 270 2-566 4-111 6*586 10*651 
6*2360 300 2-850 4-811 8*121 13*709 

For a leather belt on an iron pulley, /i may be taken at ‘3 or 
but if the pulley and belt are greasy, fi will not exceed •2. 
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Slip of Belts.—Professor Lanza found by careful experiments 
that under ordinary working conditions the speed of slip be¬ 
tween bands and pulleys was from 3 to 12 feet per minute, and 
that the coefficient of friction had then a mean value of *27. 

Driving Force in a Belt connecting Two Pulleys.— 
Ti = tension on tight or driving portion of belt in lbs, 
7^2= tension on slack portion of belt in lbs. 
/*=driving force in lbs. 
P:=Ti-T2, 

Px P P 
If P is given, then Ti— —,, and To— —where 

x~\ x-\ 

In many cases in practice 1\ may be taken equal to 272, then 
P = iTi, and T^^IP. 

Centrifugal Tension in Belts.—The centrifugal force of a belt 
as it rotates with a pulley causes an additional tension in it. 

wv^ 
The amount of this centrifugal tension is in lbs. per square 

inch of belt section, where «»=weight of a portion of belt one 
foot long, and one square inch in section = *4 for leather, and 

velocity of belt in feet per second. 
The total tension on the tight side of the belt is therefore 

wht'\P‘ _ htv^ - , 1 , , 
71 +-= Ti 4- on tor leather belts, <j ou 

where 6=width, and thickness of belt in inches. 
At a speed of 3000 feet per minute the centrifugal force 

increases the stress in the belt by about 31 lbs. per square inch. 
At 6000 feet per minute the increase would be 126 lbs. per square 
inch with a leather belt. 

Power Transmitted by Belts, Centrifugal Tension Neglected.— 
F= velocity of belt in feet per minute. 
P=driving force in lbs. 
H— horse-power transmitted. 

H 
VP 

33000* 

If the belt passes over a pulley of diameter D (in feet) which 
makes N revolutions per minute, then, 

irDNP 

33000' 

Assuming 7i=2P, and taking the safe working stress on the 
belt at 300 lbs. per square inch, then PsldO^, where das width, 
and tn thickness of belt in inches. 
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For rough calculations the following rules may be used 
B V 

H — for single leather belts. 

BV 
II — for double leather belts. 

Power Transmitted by Belts, allowing for Centrifugal Tension.— 
6 = width of belt in inches. 

, ^ = thickness of belt in inches. 
w = weight of belt per foot of length and one square inch 

section, in lbs. 
t;=velocity of belt in feet per second. 
F=velocity of belt in feet per minute. 

centrifugal tension on belt, in lbs. 
7'i = tensioD on driving side of belt, exclusive of centrifugal 

tension, in lbs. 
7^2 = tension on slack side of belt, exclusive of centrifugal 

tension, in lbs. 
total tension on driving side of belt, in lbs. 

P = driving force, or driving tension, in lbs. 
if=hor8e*power transmitted by belt. 

P=Ti-T>,. ’ Ti = T~F. 

whti^ Pv _ PV 
32*2 ‘ " ^ 55033(W)' 

For leather belts with laced joints, T = 3006^, w = *4, and 
Ti = 27’2. Using these values, the following formulae are 
obtained;— 

(24150 -f)U 
2 2 “ 1()1 
Pv _(24150~r^)6fv 

^■■550““ 88550 
(1) 

The horse-power calculated by the above formula will be a 
maximum when the velocity of the belt is 89*7 feet per second, 
or 5382 feet per minute. 

For leather belts with riveted joints T may be taken at 400 
lbs. per square inch, and the formula for the horse-power then 
becomes 

(32200 

” 88550 ’ 
(2) 

which will become a maximum when the velocity is 103*6 feet 
per second, or 6216 feet per minute. 

The diagram at the top of the next page shows the horse¬ 
power of leather belts per square inch of section for various 
speeds of belt, (1) when T=300 lbs, per square inch, (2) when 
fs!i400 lbs. per square inch. 
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Velocity in feet per second. 

The following table has been calculated by the formula (1) on 
the preceding page :— 

Iloi'se-pow^r of Leather Belts per Inch of Width, 

r=Velocity of Belt in Feet per Second. | 
i=Thick- 30 40 60 60 70 80 90 
of Belt in 

Inches r=Velocity of Belt in Feet per Minute. 

1800 2400 3000 3600 4200 4800 6400 

A 1*48 1*91 2*29 2*61 2*86 3*01 3*06 
A 1*72 2*23 2*67 3*05 3*33 3*51 3*67 

1 1*97 2*55 3*06 3*48 3*80 4*01 4*08 
A 2-22 2*86 3*44 3*92 4*28 4*51 4*69 

1 

A 2*46 3*18 3*82 4*35 4*76 5*01 6*10 
1 2*95 3*82 4*58 6*22 6*71 6*01 6*12 

A 3*45 4*46 5*35 6*09 6*66 1 7*02 7*14 

i| 3*94 ! 6*09 6*11 6*96 7*61 8*02 8*16 

ThicknesB and Width of Bolts of One Square Inch Section.— 
thickness in inches. 6=width in inchee. 

A A i A A § A i 
5 = 6*33 4*57 4*00 3*56 3*20 2*67 2*29 2*00 
Rims of PuUeya—The rim of a pulley for a belt which has to 

be shifted to different parts in the width of the rim should be 
straight on the outside of its cross section. Wrought-iron rims 
are nearly always straight. 

When the rims are curyed, the radius of currature may be 
from 3 to 5 times the breadth of the rim. Various authorities 
give the rise at the centre of a curved rim at from one^tenth to 
one«ninety-sixth of the breadth of the rim. 
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In the Van den Kerkove form of rim section a portion at the 
centre of the width is straight and parallel to the axis of the 
pulley, and the parts on each side of this slope slightly. In 
one example of this form the rim of a belt fly-wheel, 18^ inches 
broad, was straight in the middle for about one-fifth of the 
width, and the outside portions sloped straight down to *18 
inch below the crown. The wheel was about 16 feet 4^ inches 
in diameter. The pulley driven from the wheel was about 4 feet 
11 inches in diameter, and the slope on the outer portions of the 
section of the rim was about half that on the wheel,* 

For cast-iron rims the thickness at tlie edge may be, 

1) 
0(jQ J single belts, 

and +1 inch for double belts, 

where IJ is the diameter of the pulley in inches 

N t / BC-JAC SCCTION/OFARM 
/ 

/?=radius of pulley in inches. 
6=breadth of arm (measured at centre of pulley) in inches. 
f»=number of arms in pulley. 
/= working stress in lbs. per square inch. 
P=driving force in lbs. at the circumference of the pulley, 

that is, the difference between the tensions in the tight 
and slack sides of the belt. 

pTroeeedUngi nf the XnatUution of MechanieaX Engineers^ 1896, p. 048. 
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The bending moment on each arm is approximately . 

The moment of resistance of the oval-shaped arm to bending 
is approximately *056^, 

PR 
therefore —= -CSfeV, and h= 

m 

taking /=r2000, h= 

V 

The breadth and thickness of the arms at the rim may be two- 
thirds of the breadth and thickness respectively at the centre. 

If P cannot be conveniently determined, it may, for the pur¬ 
pose of designing the arms of the pulley, be taken equal to 50jB 
for single belts and 100j5 for double belts, where B is the width 
of the belt in inches ; then 

h= 

and h = 

for single belts, 

for double belts. 

Bosses of Pulleys.— 

i>=diameter of pulley in inches. 
.5=breadth of rim in inches. 
c^=diameter of shaft in inches, 

thickness of boss in inches. 

t = ’14i\/BD -f J inch for single belts. 
+ i inch for double belts 

The above rules are given by Unwin. 
Box gives the following rule in his “ Mill Gearing”;— 

P d .. . + g + | inch. 

Length of boss = %B to B. 

The above rules apply to pulleys keyed to their shafts. 
For loose pulleys the bosses should be longer, and they need 

not be so thick. It is a good plan to line tne boss of a looee 
pulley with a brass bush. 
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Oentrlfagal Tension in Wheel and Pulley Rims.—As the rim 
rotates each portion tends to fly outwards, and produces a 
tension in the rim, and if the speed is high enough the rim will 
burst. 

v = velocity of rim in feet per second. 
«;= weight of one cubic inch of material of rim, in lbs. 

accelerating effect of gravity = 32*2 feet per sec. per sec, 
/= stress in rim due to centrifugal force, in lbs, per sq inch. 

\2wv“ 

y 
The stress / is independent of the area of the section of the 

rim. 
A rim speed of 100 feet per second, or 6000 feet per minute, 

produces a centrifugal tension in the rim = 970 lbs. per square 
inch for cast-iron, 1040 lbs. per square inch for wrought-iron, 
and 1060 lbs. per square inch for steel. 

For toothed wheels the centrifugal tension is greater than 
that given by the above formula, because the teeth add to the 
centrifugal force without increasing the area of the section of 
the rim. 

BOP£ GEABING. 

Ropes.—The material used for the ropes in the rope gearing 
of mills is either hemp or cotton. Formerly hemp was much 
preferred, but cotton is now the material most used. The ropes 
are white or untarred, and are usually “ hawser laid,” that is, 
they consist of three strands twisted together. Four-strand 
ropes are also often used. 

The ropes most commonly used are from li inches to 2 inches 
in diameter. Of late years ropes of If inches or If inches in 
diameter have been largely used. 

The weight of the ropes when dry is given approximately by 
the formula Pr=’3Z)2, where TFis the weight per foot of length 
in lbs., and D the diameter in inches. 

The breaking strength of the ropes is from 7000 to 12,000 lbs. 
per square inch, but the working load is seldom greater than 
one-thirty-sixth of the breaking load, and it is often as small as 
one-sixtieth. A small working load on a rope ensures great 
durability. A good rope should run well for ten years. 

The splice should be made with great care, ancf should have a 
length not less than sixty times the diameter of the rope. 

The speed of the ropes varies in practice from 3000 to 6000 
feet per minute. The advantage of running at a higher speed 
than 5000 feet per minute is very doubtful 
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Cotton rope provides a constant speed drive; no allowance need 
be made for slip, and heavy loads can be transmitted with little 
or no tension in the slack side of the drive. 

Pulleys.—The pulleys are made of cast-iron, and the rims are 
grooved, as shown below. The angle of the grooves is gener¬ 
ally 45^ 

The following proportions are for grooves having an angle 
of45®:— 

Z)=diameter of roi)e in inches. 
Pitch = lji). 
Depth = 1}D. 

Width = 1^D. 
Mid-feather=JD. 
Bottom radius =iD. 

The diameter of a rope pulley, measured to the centre of the 
rope, should not be less than that given by the following rule :— 

Minimum diameter of pulley = {102>-f-16)Z>, 

where D is the diameter of the rope. 
The line joining the centres of two pulleys connected by ropes 

should not be inclined at more than 45® to the horizontal. 
Whenever possible the driving side of the rope is placed on 

the bottom and the slack side on the top, in order to increase 
the arc of contact between the rope and the pulleys. 

Friction of Rope on Pulley.—If ^t=coefl5cient of friction be¬ 
tween the rope and a cylindrical pulley, and /ai = coefficient of 
friction between the rope and a wedge-shaped groove, the angle 

of the groove being \ 

For hemp or cotton roj)es on iron pulleys, fx varies from T5 to 
‘35, and, therefore, for grooves with the usual angle, 46®, (xi varies 
from *4 to *9. The value /4i = '4 is for greasy pulleys. For ropes 
and pulleys in ordinary working condition fxi may be ti^ep T, 
the angle of the grooves being 45®. 
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Ti = tension on driving side of rope. 
^2—tension on slack side of rope. 

0 —angle of contact between rope and pulley in circular 
measure. 

n = number of degrees in angle of contact. 
= coefficient of friction between rope and pulley. 

Then as for belt gearing (see p. 477), 

log ^ ‘4343jut0-m75Hjuin. 
1 y 

Angle of T. 
— 

Contact Ratio of Tensions when the Itojie is on the Point of Slipping. 
1 in ^ 2 
Degrees. 

n Ml = -5 ytAi = *6 j = ‘7 fXi — *8 Mi = *9 

60 1-52 1-60 1-87 1 2*08 2-31 2*57 
90 1-87 2*19 2*57 3*00 3-51 411 

120 2-31 2-85 3-51 1 4 33 5-31 6*59 

150 2-85 3-70 4-81 6-25 8-12 1 10'55 
180 3-51 4-81 6-59 9 02 12'35 i 16*90 
210 4*33 i i 6-25 9'02 13'01 18-77 27'08 

Centrifugal Tension in Bopes.— 
W= weight of rope per foot of length in lbs. 
v = velocity of rope in feet per second, 

centrifugal tension in lbs. 
„ ITV Wv^ 

,j -H2"2’ 

Power Transmitted by Bopes.— 
i> = diameter of rope in inches. 

weight of rope per foot of length in lbs. 
velocity of rope in feet per second. 

V = velocity of rope in feet per minute. 
jP= centrifugal tension on rope in lbs. 

Ti= tension on driving side of rope, exclusive of centrifugal 
tension, in lbs, 

^2=tension on slack side of rope, exclusive of centrifugal 
tension, in lbs. 

T= total tension on driving side of rope in lbs. 
<=total tension on slack side of rope in lbs. 

driving force, or driving tension, in lbs. 
if* horse-power transmitted by one rope, 

+ t=^T»4-F. P-Ti-T% 
Wv^ PV 

^“'32-2* ^’”560 ~ 33000‘ 
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From numerous examples in actual practice, it may be taken 
that r=iy5i>^ ri=r3P, 7’2=*3P, and Substituting 
these values in the above formulae, the following practical rules 
are obtained:— 

1-3 ~ 418-6 

Pv (62790-3i;2)7)2^ 

^^"550” 230230 

The horse-power will be a maximum when the speed of the 
rope is 83*5 feet per second, or 6010 feet per minute. Above 
that speed the power transmitted diminishes, until at a speed 
of 8680 feet per minute it is zero. 

The following table has been calculated by the above 
rules:— 

■ v=.50 r r = 60 II 
i 

0
 

D W T 
F=3000 r=3600 ^ = 4200 

F P M F P 7/ F P H 

1 •30 195 23 132 12-0 34 124 13-5 46 115 14-6 

H •38 247 29 167 15-2 42 157 17-1 58 145 18-5 

li •47 305 36 206 18-8 52 194 21*2 71 180 22-8 

n •57 369 44 250 22-7 63 235 25-6 86 217 27-6 

14 •68 439 52 297 27-0 75 279 30-5 103 258 32-9 

H •79 515 61 349 31-7 89 328 35-8 121 303 38-6 

li •92 597 71 404 36-8 103 380 41-5 HO 362 44-8 
n 1-05 686 82 464 42-2 118 437 47-6 160 404 61-4 
2 1*20 780 93 528 48*0 134 497 54-2 183 459 58-6 

v=80 v^90 1 

■ t^=4800 F=5400 
D W T 

P H F P 7/ F P B 

1 •30 j 196 60; 104 151 75 92 15-0 78 14-2 
14 •38 ! 247 75! 132 19-2 96 116 19-0 118 99 18-0 
li •47 305 93 163 23-7 118 144 23-6 146 122 22-3 

If •57 369 113 197 28*6 143 174 28*4 176 148 26-9 
14 •68 439 134 234 34-1 170 207 33*8 176 32-0 
If •79 615 167 1 275 40-0 199 243 39-7 246 37*6 

If •92 597 183 319 46-4 231 282 46-1 285 240 43-6 
i| 1*06 686 210 366 63-2 266 323 62*9 328 276 60-1 
2 1-20 239 417 60-6 302 368 373 313 66-9 
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Best Speed for Ropes.—Values of (or the horse-power 
of a rope one inch in diameter), for various values of v, are 
plotted in the diagram below. This diagram shows that the 

horse-power increases very slowly as the speed for maximum 
horse-power (83*6 feet per second) is approached. For example, 
as the speed increases from 75 to 83'5 feet per second, the 
horse-power is only increased about IJ per cent., and this is 
without taking into account the additional loss of power due to 
the increased friction of the ropes in passing through the air. 
It would seem, therefore, that there is little, if any, advantage 
in running the ropes at more than 75 feet per second, or 4500 
feet per minute. Many engineers are of the opinion that the 
most efficient speed is 4800 feet per minute. 

Deflection or Sag of Ropes.—The deflection of the rope 
corresponding to a given tension is found by the formulas 
on p. 490. 
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TELODYNAMIC TRANSMISSION. 

This is the name given to the system of transmitting power 
to long distances by means of pullers and wire ropes. 

The ropes are made oi iron or steel wires A rope has from 
six to ten strands twisted on a central hempen core. Each 
strand has usually a hempen core surrounded by from six to 
twelve wires. The cores are saturated with tar or boiled oil 
free from acid. 

The wires have a diameter varying from *02 to *088 inch, and 
the diameter of the ropes varies from -HO to 1*28 inch. 

If = diameter of rope, d = diameter of wires, and n - number 
of wires in rope, then from a number of examples it has been 

D n n 
found that t varies from r, + 3 to « + 2. 

d b 7 

The weight of the rope, in lbs. per foot of length, is about 
SM-n. 

The speed of the rope varies from 3000 to 6000 feet per 
minute, the average being about 40(K). 

The pulleys are of large diameter (6 to 18 feet), and each 
carries one rope, unless it is a relay pulley, when it carries two. 

The distance between the pulleys varies from 80 to 600 feet, 
When it is required to transmit power to a greater distance 
than 500 feet (the distance may amount to several miles) it is 
done either by relays, as shown at {a), or by introducing guide 
pulleys, as shown at (6), so that the rope is supported at intervals 
not exceeding 500 feet. The guide pulleys under the tight or 
driving side have a diameter equal to that of the driving pulley, 
but those under the slack side may be of half that diameter. 

Each pulley is fixed on a shaft, which is supported on bearings 
at each end. These bearings are carried by masonry, iron, or 
wood-framed piers, which are sufficiently high to prevent the 
rope touching the ground. 

The direction of the rope may be changed by means of a 
horizontal ^ide pulley A, as shown at (c), but bevel wheels, as 
shown at (cQ, are generally used. 
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If 7'i=tension on tight side, 72=tension on slack side, P= 
driving force, F=velocity of rope in feet per minute, and H— 

PV 
horse-power transmitted, then 

In practice — and therefore P-T^-T» — Ti. 

Tensions in a Suspended Flexible Rope.—The curve in which 
a flexible rope A CB liangs when suspended from points A and B 
i.s a catenary, but for questions on rope gearing it is sufficiently 
accurate to substitute for this curve a parabola. If the points 
A and B are at the same level (horizontal transmission), the 
vertex C of the parabola is vertically under the middle point 
EoiAB. The construction for drawing the jiarabola is given 
on p. ir)b 

If the points A and B are at different levels (inclined trans¬ 
mission) , the position of the vertex C is given by the following 
equations 

,_^ 
and 72= 

The tension in the rope due to its weight varies from a mini¬ 
mum at its lowest point to a maximum at its highest point. 
Let weight of rope in lbs. per foot of length, and let all 
distances be measured in feet. 

tension, in lbs., at lowest point (7. 

wIP 
T= for horizontal transmission. 

for inclined transmission. 
27ti 2A3 

When a rope or ohain hangs in a catenary curve, the difference 
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between the tensions at any two points in the curve is equal to 
the weight of a portion of the rope or chain whose length is 
equal to the difference between the levels of the two points. 
Hence, neglecting the difference between the catenary and the 
parabola 

wJ? 
Q - T— wh. Q — TV'ich ~ 4 wh. 

- T~whi, 
wl\ 

Qi = T^ — -\-whi. 

- T^who. 
wll 

Q,2 — F-i- wh2 — ~h 

Also, Qj - — io{}io - Ai). 

II 1 1 

tm 2 

Stresses in a Wire Rope when Transmitting Power.— 
/u;=strebs, in lbs. per square inch, due to weight of rope 

per foot of length, the distance between the pulleys 
and the depth of the curve in which the rope hangs, 

/ft = stress, in lbs. per square inch, due to the bending ol 
the rope on the pulley rim. 

stress, in lbs. per square inch, due to centrifugal force. 
4Q w{Z2+8/i2) 

irdSh 2Trdrnh 
for horizontal transmission, 

= _2w(l^+2h^) inclined transmission. 
rrd^n inPnhi 

If then 
. •525(Z2+8A2) 

fw=^ — ^ — for horizontal transmission, 

— j.^g) for inclined transmission. 
ho 

Ed 
where R is the radius of the pulley in inches, and 

ZJtC 

E the modulus of elasticity=29,000,000 for wrought- 
iron wire, and 30,000,000 for steel wire. 

where v is the velocity of the rope in feet 

per second. 
fw+fb+fc should not exceed 25,600 lb& per square inch. 
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Hone-power Transmitted by a Wire Rope.—To find the horse¬ 
power which a wire rope will transmit, first determine and fc 
by the formulae in the preceding article, then 

/«,= 2r>(;(X)-(yL+/c), and horse-power = > 

where d = diameter of wires, w=number of wires in rope, and 
F= speed of rope in feet per minute. 

For rough calculations the following formula may be used :— 

Efficiency of Telodynamic Transmission.—According to the 
results of experiments by Ziegler, the efficiency of one relay is 
*962, and if there are altogether m stations, the efficiency of the 
whole = e= n/*%2''». 

m= 2 4 5 () 7 8 
€=•962 -944 -925 *908 89 ’873 *850 

Horse-power Transmitted for each Wire of a Wire Rope,— 

Diameter of 
Wire. Hiu table 

Diameter 
of Pulley. 

S 

3000 

peed of Rope in Feet per Minute. 

3600 1 4200 1 4800 5400 6000 

I.S.W.G. Inch. Horse-powei Transmitted for each Wire. I __ 
Ft. In 

25 •020 4 0 •182 •216 •249 •280 •309 •337 
24 •022 4 3 •220 •262 •301 •339 •374 •408 
23 •024 4 9 •262 •311 •358 •403 •446 '485 
22 •028 5 6 •357 •424 •488 •549 •607 •660 
21 •032 6 3 •467 '554 •638 •717 •793 •863 

20 ‘036 7 3 •591 '701 •807 •908 1-00 109 
19 •040 8 0 •730 '866 •997 M2 1-23 1-34 
18 •048 9 6 1-05 1'24 1-43 1-61 1-78 1-94 
17 •056 11 3 1-43 1'69 1*95 2-19 2-42 2*64 

16 •064 12 9 1-86 2*21 2-56 2-87 317 3-45 
15 ' -072 14 3 , 2-36 2'80 3*23 3-63 4*01 4-36 
14 •080 16 ^ 1 2-92 |3-46 3*98 4-48 I 4-95 5-39 
13 '092 ; 18 3 1 1 3*86 4'68 5-27 5*93 I 6-65 7*13 

Stress Due to Weight and Curve of Rope. 

Tight side . . . 
Huiok side . 

12776 
6387 

12632 
6316 

12463 
6231 

12268 12047 
6134 6023 

11800 
6900 
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The horse-power transmitted by the whole rope is obtained 
by multiplying the horse-power transmitted by one wire by the 
total number of wires in the rope. 

The foregoing table has been calculated as follows :— 

Stress due to bending =/i = ii’x J^=:3()(K>0000 x 125(X). 

Stress due to centrifugal force=/ — 
Total stress =:2o6(X). 
Stress on tight side due to weight of wire and the curve in 

which it hangs = 25()(.X) - 12500 - IIUOO - •13r‘. 

Load on tight side due to weight and curve of wire = Ti = 

Load on slack side due to weight and curve of wire = To — 

Driving force = P=Ti~ T2= 
8 

„ PV d‘%v 
Horse - power - 

Deflection of Ropes in Telodynamic Transmission.The 
formula, given on p. 490, for the deflection of the rope is— 

Q_ IQ^ I? 
2w 8’ 

but Q-^(Pnf^f and ii?=3'3d'''’n, 

hence h= 
8-4 

h is nearly equal to 
•5252^2 

A 

r- 

8’ 

The following table gives values of h for the tight and slack 
sides of the rope for the stresses corresponding to speeds of 
3000 and 6000 feet per minute given in the table on the pre¬ 
ceding page 

Stress. 
(/.) 

Span in Feet (L) | 

100 150 200 250 ;«)0 360 400 

Deflection in Feet (A). 

5 12775 
\ 6387 

'41 
'82 

'93 
1'86 

1-64 
3-30 

2-67 
5-16 

3*70 
7*44 

6*04 
10'14 

6'68 
13*27 

5 11800 
} 6900 

'46 
'89 

1*00 
2-00 

1'78 
3'67 

2-78 
6*68 

4'02 
8'06 

6-47 
10'98 

7'14 
14*38 
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Pulleys for Telod3rziamic TransmisBion.—These are usually from 
6 to 18 feet in diameter, or from 2(X)() to 2800 times the diameter 
of the wires forming the rope. They may be made entirely of 
cast-iron, or they ma}^ have wrought-iron arms and cast-iron 
rims and bosses. The form of the rim of a pulley carrying one 
rope is shown at (a), and the form of the rim of a pulley for two 

ropes at a relay station is shown at (6). The dovetailed recess 
at the bottom of the groove is generally filled with leather, but 
wood, guttapercha, tarred oakum, and tarred jute yarn are also 
used. When leather is used for filling the recess, it. may be cut 
into pieces from the hide or from scrap by means of a die to the 
shape of the recess, and then placed in on edge. 

Weight of Pulleys for 
Pelodyuamic Transmission. 
'—According to M. Achard,* 
the weights of the most 
ordinary sizes of pulleys 
employed, including their 
shafts, are on an average 
as given in the adjoining 
table. 

Single- I)oul)]e- i 
Diameter. Groove Groove 

PiilUy. Pulley. 

Ft. In. Lbs. Lbs. 
7 0 798 1 1104 

12 4 242.5 ! 4078 
14 9 5180 0988 
18 0 ! 0232 8267 

FRICTION GEARING. 

The driving power of friction wheels is increased if one of a 
pair is faced with wood, as shown at (a) for cylindrical, and at 
(j^) for bevel wheels. The grain of the wood should lie in a tan¬ 
gential direction to the working surface. The different layers of 
wood are nailed together and further secured by glue or white 
lead. Maple is the best wood for this purpose. Instead of 
wood, leather or paper may be used, put on in layers, the edges 
of the layers forming the working surface. The wheel which 

* Promdimgt ih$ Ingtitutim Mechanical Mngxneerst 1880. 
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Is faced with wood, leather, or paper should be the driver, the 
follower being made of cast-iron. 

(a) {b) (c) 

In Robertson’s friction gearing the wheels are made of cast- 
iron, and they are grooved, as shown at (r). The angle between 
the sides of the grooves is usually 40®. When first introduced, 
the inventor recommended a pitch of | inch to | inch, but a 
much larger pitch has been used in some cases. 

Friction gearing is most efficient when the force to be trans¬ 
mitted is comparatively small and the speed high. 

Force Required to keep Friction Wheels in Gear.— 

tangential driving force. 
/i=coefficient of friction between the surfaces in contact 

= i for metal on metal, and J for wood on metal. 
Q- force pressing wheels together. 

P 
For cylindrical wheels, Q= , and P=i(iQ, 

For Robertson’s friction gearing, Q=t3/’ when the angle of 
the grooves is 40°. 

For bevel wheels, 
PDi PI>2 
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Power Transmitted by Friction Gearing.— 
F=velocity of surfaces in contact, in feet per minute. 
P=tangential driving force, in lbs. 

horse-power traiismitted. 

^ 33000 * 

When the driver is faced with soft maple, P may be taken at 
about 30 lbs. per inch width of face, and at about 15 to 20 lbs. 
per inch width of face when the driver is faced with basswood 
or pine. 
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TOOTHED GEARING. 

(Revised by David Brown d: Sons (Hudd.), Ltd,, Huddersfield,) 

Gears are used to transmit motion positively from one shaft 
to another. 

Types.—(1) Spur or helical gears for parallel shafts. 
(2) Straight bevel or spiral bevel gears for shafts whose 

axes intersect. 
(3) Spiral gears, hypoid gears, or worm gears for shafts 

whose axes are not parallel and do not intersect. 

Gears for Parallel Shafts. 

Shape of Tooth.—The essential requirement is that the ratio 
of angular velocities of the gears is the same in all phases of 
engagement. This is satisfied if the common normal to the 
tooth surfaces at any point of contact passes through a fixed 
point. There are several curves which meet the fundamental 
requirement, but in modern practice the involute tooth form is 

almost universal. 
Let AB and CE be the pitch 

circles, and P the pitch point. 
Through P draw the straight 
line MPN, and draw circles 8i 
and 8^ concentric with the pitch 
circles to touch MPN, Teeth 
whose curves are involutes of 
the circles 8i and 8^ will work 
correctly together. lie line 
LKf part of mN, is the path of 
contact, that is, the line which 

contains the pomt where the two involutes touch one another. 
If the centres of the gears be pushed further apart or closer 

together, the wheels will still work correctly together. This is 
a special property of involute teeth, and is a valuable one in 
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oases where the distance between the axes of two wheels cannot 
be kept constant. 

The involute is the curve traced by the end of a taut string 
unwound from a circular disc which represents the base circle^ 
Si or S^. The curvature at any point on an involute gear tooth 
depends on the distance of the point from the base circle. A 
rack is a part of a gear of infinite diameter; the teeth of an 
involute rack have infinite radius of curvature, i.e. they are 
straight-sided. The angle between the side of the tooth and 
a line perpendicular to the length of the rack is called the 
pressure angle ((/r). 

Such rack teeth describe involute gear teeth on the plane 
of any pitch circle of radius r rolled along a straight line parallel 
to the length of the rack. The radius of the base circle is r cos 

Should any part of the rack tooth come within the base circle, 
part of the gear tooth profile is ineffective. Should any part 
of the rack tooth come within a distance r cos* 0 of the centre 
of the circle, the gear tooth is undercut. The rolling circle is 
the pitch circle. 

The process of cutting gear teeth by rolling the blank with 
a cutter in the form of a rack (or other gear) or its equivalent 
is called generation. Nearly all modern gear-cutting machines 
operate on the generating principle, and with them it is un¬ 
necessary, so far as gear production is concerned, to draw the 
desired tooth shape. It may be done, however, by rolling a 
sector of the required pitch radius along a straight edge to which 
is fixed a template in the shape of the rack tooth and tracing 
the form of the rack tooth (in numerous positions) on a card 
attached to the sector. A flexible metal strip attached to sector 
and straight edge ensures rolling without slip. 

Proportions of Teeth.—The nominal or circular pitch (p) 
of a gear is the distance 
between similar flanks of 
adjacent teeth measured 
along the pitch circle. 

The addendum is the 
radial length of tooth lying 
outside the pitch circle, the 
dedendum is the radial 
length lying inside the 
pitch circle. 

For spur and helical gears the addendum (a) and dedendum (6), 
corrected to prevent undercutting, are given by 

6,eO-716a>~a.N, 6,,=0-716p 
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where the suffix p refers to the pinion (the gear with the smaller 
number of teeth) and w to the mating gear or wheel, 

/= number of teeth in pinion. 
1’=number of teeth in wheel. 
The old Brown and Sharpe standards are given by 

o, = a«, = ~ and bp = bu, —- 
7T 7T 

The British Standard pressure angle is 20°, although an older 
standard (14J°) is frequently employed because of existing cutter 
stocks. 

The diametral pitch (P) is the number of teeth divided by the 
pitch circle diameter (Z)) in inches. 

Since tp — ixD and P=tjDy therefore P = nlp, 
Integral values of P up to 8 are standardised, together with 

li, li, Ih 2i, 2i, 2f, 3i, 10, 12, 14, 10, 20, 24. 
The module is the pitch circle diameter, in inches or millimetres, 

divided by the number of teeth, and the units intended should 
be specihed. 
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Bdiatlon between Number and Pitch of Teeth and Diameter 
of Pitch Circle. 

/>=diameter of pitch circle. pitch (circular) of teeth, 
number of teeth in wheel. ir = 3*14159265. 

t=-D. p^-D, ^ p ^ t IT 

The table below will simplify the use of the above formulae— 

P 
IT 

P 
P 
T P 

^
 m

 

P 
*• 

i 6-2832 -1592 3 1-0472 •9549 
A 6-5851 -1790 1-0053 •9947 

i 6-0266 •1989 3i •9666 1-0346 
H 4-5696 -2188 31 •9308 1-0743 

1 4-1888 •2387 3i •8976 11141 
H 3-8666 -2586 3i •8666 1-1539 

i 3-6904 •2785 3J •8378 1-1937 
H 3-3610 •2984 •8107 1-2336 

1 3-1416 •3183 4 •7854 1-2732 
lA 2-9668 •3382 •7616 1-3130 

IJ 2-7926 •3681 H •7392 1 -3528 
lA 2-6466 -3780 4i •7181 1-3926 

li 2-6133 •3979 4i •6981 1-4324 
2-3936 •4178 48 •6793 1-4722 

1§ 2-2848 •4377 4i •6614 1-5120 
lA 2-1866 -4676 48 •6444 1-6618 

H 2-0944 •4776 s •6283 1-6916 

lA ! 2-0106 •4974 5i •5984 1-6711 

l| 1-9333 •6173 6J •6712 1-7607 

IH 1-8617 •5371 6i •6464 1-8303 

If 1-7962 •6670 6 •6236 1-9099 

IH 1-7333 •6769 61 •6027 1-9894 
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Helical Teeth.—Smoother action in gears connecting parallel 
shafts may be secured by setting the teeth at an angle to the 
axes of the shafts. Such gears are called single helical gears. 
The teeth are in the form of heHces which are right-handed on 
one gear and left-handed on the other. The ratio of the leads 
of the helices must be the ratio of the numbers of teeth. 

Single helical gears whose helix angles are not equal and 
opposite may be meshed together with shafts making an angle 
equal to the sum of the helix angles (reckoning right hand as 
positive and left hand as negative). Such gears are known as 
spiral gears, except in the special case where the shafts are parallel, 
when they are described as helical gears. 

A rack which meshes with an involute helical gear has straight- 
sided teeth. A section of the rack on a plane perpendicular to 
the axis of the gear shows a rack form whose pressure angle 
is the transverse pressure angle of the gear. A section on a plane 
perpendicular to the direction of the rack teeth shows a rack 
form whose pressure angle is the nonnal pressure angle of the gear. 

If 2^ = lead of helix, 
f=radius of pitch circle, 

ffl = radius of base circle, 
a = helix angle at pitch circle, 

= transverse pressure angle, 
normal pressure angle, 

f / X cos tpt = fan O' = —, 
Jlj 

tan xpn — tan cos a. 

In British Standard practice, ^„=20° and cr = 30®. 

Double Helical Gears (Range of ratio—unity to 12).—By 
making each of the gears connecting parallel shafts in the form 
of two helical gears of equal lead ana opposite hand, the total 
end thrust on each shaft is zero. This assumes that one of the 
shafts is mounted with some axial float so that it may adjust 

CONTINUOU9 

itself to the axial position which gives equal tooth load on each 
helix. 

The teeth of such gears may be continuous, but if not, they 
may ^ either staggered or in-Une, The most accurate process 
(hobbing) for producing the teeth demands a gap between the 
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helices to provide clearance for the hob. Hobbed double helical 
gears are successfully used at pitch circle speeds up to 15,000 
feet per minute. 

Triple Helical Teeth.—Occasional use of triple helical teeth 
is due to imaginary advantages. These teeth cannot be pro¬ 
duced with the accuracy practicable in double helical gears. 

Gears for Non-parallel Shafts. 

Bevel Gears (Range of ratio—unity to 8).—The pitch 
surfaces of bevel gears are portions of cones having the inter¬ 
section of the shaft axes as a common vertex. The tooth elements 
(pitch, addendum, dedendum) diminish as the vertex is approached. 
The nominal elements are those applying to the outermost 
section of the tooth. 

If corresponding points on different sections of a tooth lie 
on a straight line passing through the point of intersection of the 
shaft axes, the gear is a straight tooth bevel gear. 

If they lie on a line or curve inclined to straight lines passing 
through the vertex, the gear is a single helical bevel or spiral 
bevel gear. 

Gears of these types have the advantage of quieter operation. 
The Gleason process, in which the teeth are awroximately 
oiroular arcs, is the most widely used method of producing spiral 
bevel gears. 

Doimle helical bevel gears have been used, but they cannot 
be produced with any very high degree of accuracy. 

A bevel gear of pitch angle is known as a crown wheel. 
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A pair of bevel gears may be regarded as meshing simultaneously 
with an imaginary crown wheel whose teeth are straight-sided. 

Hypoid Gears (Range of ratio—unity to 6).—This is a modifica¬ 
tion of the spiral bevel gear, the axes of the mating gears being 
perpendicular but not intersecting. The offset or distance between 
the axes is usually limited to about one-tenth of the diameter 
of the wheel. Production of hypoid gears demands highly 
specialised plant and experience. 

The hypoid type of gear was primarily developed for auto¬ 
mobile rear axles, the chief advantage being that it permits of 
a lower propeller shaft line than does the normal spiral bevel 
drive. In industrial service the hypoid gear is also occasionally 
advantageous in that it permits the two shafts to be extended 
past each other, a condition which is of course impossible with 
spiral bevel gears. 

Worm Gears (Range of ratio—unity to 100).—This type of 
gear is used for shafts whose axes do not intersect; in nesu’ly 
every case they are perpendicular to each other. The worm 
gear was originally used only for high reduction ratios, but the 
useful range extends down to unity. 

The worm is nearly always the smaller member, and is usually 
parallel, t.c. of uniform external diameter, although hollow-faced 
or hour-glass worms are still used. The mating gear, the worm 
wheel, generally has teeth curved to match the circular cross- 
section of the worm. 

One form of worm thread used is straight-sided on a section 
containing the axis of the worm, but the British Standard worm 
thread is involute in a section perpendicular to the axis of the 
worm, the normal pressure angle being 20°. 

The worm wheel teeth are of complicated form, and they are 
generated by a cutter (or hob) which corresponds in dimensions 
to the mating worm. 

The worm is essentially a helical gear with helix angle usually 
greater than 45°. The complement of the helix angle is cc^ed 
the lead angle. 

The teeth of a worm are described as threads, and the reduction 
. . Number of teeth in worm wheel 

^ Number of threads in worm 
Highest efficiency requires a lead angle in the neighbourhood 

of 45 , but this is impracticable in high-ratio worm gears because 
it would require an excessively slender worm. 

The amount of relative sliding of the contacting surfaces is 
comparatively large in worm gears, and it is therefore imyportant 
to minimise the coefficient of friction between them. The best 
combination of load capacity and low friction is obtained by 
making the worm from oase-hm^dened steel and preol^on* 
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grinding the threads, the worm wheel being of phosphor-bronze. 
To reduce cost, large worm wheels are often made in the form 
of a bronze ring fixed to a cast-iron centre. 

Velocity Batio or Beduction Batio.— 

/Reduction ratio B of N _Revolutions of driving gear_ 
\ train of gears J Corresponding revolutions of driven gear 

If axes of gears are fixed, 

^ _ Product of numbers of teeth in driven gears 

~ Product of numbers of teeth in driving gears 

In epicyclic gear trains not all the axes are fixed. Let gears 
he Ay B, Of etc. Assuming axes to be fixed in position, gear A 
is imagined to turn through angle a. Let 6, c, d, etc., be corre¬ 
sponding angles of rotation of B, G, D, etc. 

Now, if in the actual assembly gear P is fixed, relative angular 
movements are 

a -p, b -p, c -p, etc., 

and reduction ratio between any two members, say C and E, is 
c -p 

€ -p 

Example of Epicyclic Gear Train.—The member F rotates 
and carries a spindle 0 on which the double gear BD rotates 
freely. The internal gear C is fixed. Rotation of A causes 
rotation of F and of all the other gears except C. 

To find the reduction ratios of the train, assume B to be fixed 
and C free. Then if A rotates through an angle a, and the 
letters A, B, C, D, B denote the numbers of teeth in the respective 
gears, the angular movements are those shown in the second 
column of the table below. 
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Since G is stationary in the actual assembly, - is sub¬ 

tracted from each of the quantities in the second column, giving 
those in the third column. Hence the reduction ratio between 

Load Capacity of Gears. 

The safe load for a pair of gears is limited either by surface 
pressure on the teeth or by bending stress near the roots of the 
teeth. For a given effective driving force per unit face, the surface 
pressure is determined largely by the diameter of the gear, and 
is almost independent of pitch. The bending stress depends 
largely on pitch, and is only slightly affected by changes in 
diameter. 

Permissible stress depends on frequency of application (t.c. 
rotational speed) and length of life expected. In worm gears 
the permissible stress is also controlled by rubbing speed. 

Spur and Helical Gears.—Permissible load (lbs.) per inch 

width of face on basis of surface pressure = . (1) 

where V = speed factor (Table 1). 
M = material factor (Table 2). 
A stype factor (Table 3). 
d=pitch diameter (in.) of pinion. 

pitch diameter of pinion 

~ pitch diameter of wheel 

Formula (1) must be worked out for both pinion and wheel, 
with appropriate values of V and M, 

Permissible load (lbs.) per inch width of face on basis of bending 
stress = VNBFmt.(2) 

where V=speed factor (Table 1). 
N=material factor (Table 2). 
B = type factor (Table 4). 
F = strength factor (Table 6). 

_ pitch diameter 

number of teeth 

Formula (2) must be worked out for both pinion and wheel, 
with appropriate values of F, and F, 

Bevel Gears.—The load capacities are determined by the 
above formulse with these modifications. In (1), write d^/(l 4*r») 
instead of d and r* instead of r. In finding F from Table 5, 
use as the number of teeth in the pinion the actual number 
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multiplied by \/(l +f®), and for the wheel multiply the number 

of teeth by +^2^. 

^ , Diameter at mid-point of face width 
Takem =-- 

The permissible load thus calculated is taken as acting at 
the mid-point of the face width. 

Worm Gears.—Permissible load (lbs.) per inch width of wheel 
face = Gfi/D0*8.(3) 

on basis of surface pressure, 

where Z) = pitch diameter of worm wheel (in.). 
6? = surface stress factor (from Table 6). 
if = load application factor (from Table 7). 

Those material-combinations, for which no value of 0 is given 
in Table 6, are not recommended. 

Permissible load (lbs.) per inch width of wheel face on basis 
of tooth breakage = 13 Ki/pfi . . . . . • W 

where F=speed factor (Table 1). 
M = breaking stress factor (Table 6). 

normal pitch. 

The values of V and M are to bo taken for both worm and 
worm wheel, and the lower of the two results is to be used. 

Table 1. 

Speed Factors V. 

R.P.M. F. R.P.M. V. 

0 420 300 158 
1 345 400 150 
6 300 600 144 

10 275 750 132 
20 250 1000 126 
40 223 1250 118 
60 200 1500 113 
80 201 2000 105 

100 194 2500 99 
160 179 3000 93 
200 170 4000 86 
260 166 6000 79 
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Table 2. 

Material Factors M and N. 

3i% Ni case-hardened steel . 
3i% Ni. 1% Cr steel . 
0*55% carbon steel 
0*4% carbon steel 
Phosphor-bronze 
Cast-iron . . . . 

Tensile 
Stren^h 
(tons per 
sq. m.). 

Brinell 
No. M. N. 

40 550 6-7 2-7 
55 240 20 20 
45 200 1-3 1*5 
35 145 10 1-3 
15 80 0-55 0*55 
12 180 0-75 0*4 

Table 3. 

Type Factors A. 

Type of Gear. Parallel Shaft. Bevel. 

Normal Pressure Angle. Normal Pressure Angle. 

Helix Angle. 

»0“ 30* 14P 

0° 0*75 0-68 0-50 0'6 
22*'* 0-87 0-8 0-66 0*6 
30° 10 0-9 0-76 0-68 
46° 10 0*9 0*76 0*68 
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Table 4. 

Type Factors B. 

Type of (Jear. Parallel Shaft. Bevel. 

Normal Pressure Angle. Nonnal Pressure Angle. 

Helix Angle. 

20® 14i® 20® 141® 

0° 31 28 29 23-5 
22i° 28-5 25-7 26-7 21-5 
30° 26 23-5 24-5 19*5 
45° 17*5 1 15-5 16-5 130 

Table 5. 

Strength Factors F. 

ll i 
Number of Teeth in Mating Gear. 

|ho 
5Zi 0.9 14 17 20 26 30 40 60 76 100 400 

14 0-86 0*90 0-94 102 MO M7 1-20 1-24 1-26 1*4 
17 0*88 0-96 1-00 107 M5 1-22 1-27 1-31 1-35 1-44 
20 0*90 10 1-08 M6 122 1-28 1-33 1-38 1-40 1-48 
25 10 1 06 M6 1-24 1-28 1-34 1-39 1-44 1-46 1*52 
30 M M6 1-25 1-30 1*35 1'40 1-45 1-50 1-52 1-60 

40 1-2 1-25 1*30 1-36 1-4 1-44 1*50 1-54 1-57 1*70 
60 1*26 1*30 1-35 1*40 1-44 1*48 1*54 1-57 1-60 1-73 
75 1-3 1-36 1-40 1-43 1-47 1-50 1*56 1-60 il-64 1-75 

100 1*35 1-39 1-43 1-46 1-49 1-62 1*67 1-62 1*68 1-77 
400 1-4 1-42 1-46 1-48 1*50 1-64 1*58 1*64 1-70 18 
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Table 6. 

Breaking Stress Factors M and Surface Stress Factors Q 
for Worm Gears. 

Material. M 

Q when working with 

Case- 
hardened 

Steel. 

0-66% 
Carbon 
Steel. 

Phosphor- 
bronze. 

Cast-iron. 

1 

Case-hardened steel 6*7 34 115 69 
0-55% carbon steel 1-3 ,. 34 19 
Phosphor-bronze . 0-65 27 16-6 .. 13-6 
Cast-iron 0-75 13 10 15-5 10 

Table 7. 

Load Application Factors H for Worm Gears. 

Robbing Speed (Ft. per Min.). 

R.P.M. 
0 5 10 25 60 100 260 600 760 1000 1600 

0 20 18 16 13-6 12*8 11-8 10*4 9*5 8*8 8*4 7*8 
5 18 14-5 13-6 12*6 11*6 10*6 9*6 8*6 8*0 7*6 7*0 

10 15 13 120 11*4 10*6 9*8 8*6 7*6 7*2 6*8 6*4 
25 12 11-2 10-3 9*8 9*0 8*1 7*3 6*6 6*2 6*9 6*6 

50 11 10-6 9-6 9*2 8*4 7*6 6*8 6*2 6*8 5*5 6*1 
100 10 9*2 8-6 7-8 7*2 6*8 60 5*4 5*0 4*7 4*4 
250 8 7-4 6*7 61 5*7 5*6 4*9 4*4 41 3*8 3*5 
600 6-5 61 6-8 51 |4*7 4*6 4*0 3*6 3*4 3*2 2*9 

750 5-5 5-3 1 50 4-4 40 3*9 3*5 1 3*1 2*95 2*8 2*6 
1000 5-3 4-8 4*6 41 3*8 3*5 3*1 2*8 2*6 2*5 2*3 
1500 4-7 4-4 41 3*7 3*4 3*1 2*7 2*5 [2*4 2*2 2*0 
2000 4-2 3-8 3*9 2*2 3*0 2-8 2-5 2*2 21 2*0 1*8 
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Bims of Gear Wheels.— 

The proportions marked on the above illustrations are in 
terms of the pitch p of the teeth. 

The adjacent illustrations 
show examples of the rims 
of gear wheels which are 
made in segments. 

Arms of Gear Wheels.— 

P = driving force at pitch line in lbs, 
radius of pitch circle in inches, 
pitch of teeth in inches. 

6 = breadth of teeth in inches. 
m= number of arms in wheel. 

working stress in lbs. per square inch. 
PR 

The bending moment on each arm is approximately —, and 
7Tb 

this must be equated to the moment of resistance of the arm to 
bending. 
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For the other sections shown it will be sufficientlj acouiate 

to take their moment of resistance to bending equal to 

For the oval section and S= 

For the other sectionsand F= 

Patting <='48p in the and T sections, |='4^ in 

the I section, and taking the stress in the arms equal to five- 
sevenths of the stress in the teeth, to allow for the initial strain¬ 
ing actions due to unequal contraction in the mould, and also 
for the possible unequal distribution of the bending action on 
the arms, we get, 

B= 

B= 

-r 
/o 

"y m 

for the oval section, 

for the + T sections, and 

B= ^ for the I section. 
'Y 2m 

In each case B is measured at the centre of the wheel, sup¬ 
posing the arm to be produced to that point. 

The breadth measured at the pitch line may be B - ‘OiB. 
The mean thickness of the ribs or web may be Ap. 

D 
The number of arms is approximately *^=35+ 4, where D is 

the diameter of the pitch circle in inchea m is generally an 
even number. 



Steel or wrought-iron hoops shrunk on to the bosses of large 
wheels, as shown above, may have the following proportions:— 

2 ^ 7 

3 
Thickness of boss under the rings 

OBANSa 

Overhung Crank Pins.— 
ci=diameter of pin in inches. 
/=length of journal in inches. 

P=load on pin in lbs. 
p=: pressure on journal in lbs. per square inch of " projected 

area.” (Projected area of journal=dL) 
/a: greatest tensile stress due to bending in lbs. per square 

inch. 

l-i li-c 
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The following table gives values of K and C for various values 
of ^ and/;— 

6500 II /=95()0 /= 11,000 /= 12,500 
p 

K a K V K C K a K c 

200 ‘014 2 '53 •012 2-81 '010 3-06 •039 3 30 •038 3-51 
300 ■040 2-07 •038 2-:‘»() •037 2-.50 •035 2-69 •034 2-87 
400 •037 1-79 •035 1 *99 '031 217 •033 2-33 •032 2-48 

1 500 •035 1 -60 •034 1-78 '032 1-94 •031 2-08 •030 2-22 
600 •034 1 -46 •032 ! 1 -62 •031 1 1 77 •030 1-90 •029 2-03 
700 •032 1-35 •031 1 1-50 '030 1 1-64 •029 ]-7(; •028 , 1-88 

1800 •031 1-27 •030 l-ll '029 1 -53 •028 1 -65 •027 ' 1 -76 ' 
[900 •030 l‘]9 ' *029 1 -32 ■028 ' 1'41 •027 1 -55 •026 1-66 1 

For small high-speed engines, p^200. 
For large low-speed engines, /)=:9()0. 
For wrought-iron, /-^hoOO to 9500. 
For steel, /=8000 to 12,500. 
If it is desired to make the length of the crank pin less than 

that given by the foregoing rules, the diameter must be increased 
so as to satisfy the equation pdl = P. 

If l — nd, then d- crank pin proportioned by this 

rule will have an excess of strength when n is less than 

Overhung Cranks —The following rules are based on the 
assumption that the crank is made of wrought-iron or steel, 
and that the material of the shaft is the same as that of the 
crank. 
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L^CD, C varies from '7 to 11. Average value of O'is *9. 
T—KD. K varies with G as follovys : — 
^=•7 -8 -9 1*0 1-1. 
^=•44 *40 *37 '34 *31. 
l — cd. c varies from *9 to 1*1. Average value of c is 1*2. 
t = kd. k varies with c as follows : — 

c = '9 1 1*1 1*2 1*3 1*4. 
A: = *G2 *5 *41 *35 *30 *26. 

I}\ — I) d\ — d\ 2it, 
//=*7i>i to Bi. h = ‘ldi to di. 

3 *287)^ 
To determine B. First assume //2 > 

distance of the centre of the crank pin journal from the centre 
line of the crank web. Let P=load on crank pin at right angles 
to crank arm. This force produces a bending moment on the 
B.rm = Mb = PR^ and also a twisting moment = J/,-—Pm. Com¬ 
bining these, the equivalent bending moment is 

Then B= 
&M. 
IPf’ 

where / is the safe tensile stress. 

Width of key=Ji> for large cranks, and + i for small 
cranks. 

Thickness of key=*4 to *7 of its width. 

Forged Crank Shafts.— 

*6i) to •%!). Average value, T~ 'ID. 
to l*06i>®. Average value, PFP=*9i)8 

If and then W=l‘134i). 
Di genendly^sD, but sometimes as large as 1*051). 
i/=i) to l -3i). 

E 
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Locomotive Crank Axles.— 

i.xampUs from Actual Practice. 

/>—diameter of cylinders. Z=;stroke of pistons. 

D L d di /i I h h h 

13 20 6^ 5f I r>f 4 8 OJ 4^ 8 
16 22 7 Ti 7 1 8|| 4^ , 9 Gf 4^ 4^ 10 
16J 20 6J (54 (ij 74 4 I 84 5? 41 4 10 
17 24 G| 7 Ci 8 4 I 9 7 4 4 11 
174 24 6J 7 Gi H 4 j 74 | (ij 44 4 12 

174 26 7 7i 74 9 4 74 74 44 4i 12 
174 20 7 74 74 84 4 9 4* 41 13 
18 24 7 8 i 74 9 44 ' 9 ,84 4^ 41 12 
18 25 7 78 71 84 4 ' 9 I 7 44 41 14 
18 26 74 74 , 74 84 4 1 84 ! 74 41 4 13 

18 26 8 84 I 8 8f 41 I 74 8 44 4| 13 
181 26 7 74 7 84 4 I 7 OJ 41 3| 12 
181 26 78 81 8 81 4 84 7,'j 6 6 11 
19 26 74 81 81 81 , 4 , 84 88 61 44 12 
20 24 I 74 8 I 8 9 I 6 10 68 48 48 13 

All the dimensions in the above table are in inches. 

Boilt-up Crank Shafts.— 
A = *75Z>. 
B=-42D. 

Di=I)to lum 
i>2=l*02A. 
i>3=l‘06Z>. 

d=:‘12i> to •2i>. 
di = ‘7^d to d 
-&=*96i>toll2X>. 
jp3=l'3Z>. 



The breadth B is first determined from the force required to 
work the valve which the eccentric has to drive. 

Let length of slide valve in inches. 
6=breadth of slide valve in inches. 

steam pressure on back of valve in Iba per square inch. 
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For locomotive engines c varies from *017 to *02, and has an 
average value of *0185. 

For marine engines c = *01. 
B may also be determined as follows :— 

i) = diameter of steam cylinder in inches. 
initial steam pressure in lbs. per square inch. 

B~'^)V^2Dsjp for locomotive engines. 
B = to •015i>^yp for marine engines. 

For stationary engines the breadth of the eccentric should 
not be less than that given for locomotive or marine engines, 
and if space will permit, B may be made from *013/) to 

•03iVp- 
A ~ *557^. T>5i?. 
d^AB. ‘32/^ for two set-screws. 
i;’=*47?(miDimumforwrought- aS'=*4^ for one set-screw. 

iron or steel). F=AB. 
E—‘5B (minimum for cast- If=AW. 

iron). L=^B to T()j5. 

Thickness of key = '2B to *3/?. 
Breadth of key = l to 2 times its thicknes.s, generally IJ times. 
Breadth of cotters in bolts = <i to 1 Jd. 
Thickness of cotters in bolts = 
Diameter of sheave = rfi + 2r + 2^; where r is the radius or 

eccentricity of the eccentric. 

Eccentric Straps.—Eccentric straps may be made of cast-iron, 
brass, malleable cast-iron, wrought iron, or steel. When made 
of cast-iron or brass no liner is necessary, but when made of the 
other materials a brass or white metal liner is required. 

J^snbreadth of straps breadth of eccentric sheave^ 
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Thickness of strap if of cast-iron = J = IB to *9J9. 
Thickness of strap if of wroii^ht-iron or steel = ^ = '55 to’*6J9. 
Thickness of strap if of brass or malleable cast-iron = ^ = *6^ 

to ‘Hii. 
Diameter of bolts or studs '\B to *5Z/. 
Thickness of palm on end of eccentric rod - 
Breadth of eccentric rod (if lectangular) at strap end=:6 = l‘3j? 

to 1-5R 
Thickness of eccentric rod (if rectangular)=:^—'45, 
Diameter of eccentric rod (if round) at strap end= ’^B to B. 

CONNECTING RODS. 

I) = diameter of piston in inches. 
X = lenf;th of stioke of piston in inches. 

^ —length of connecting-rod in inches, measured from the 
centre of the crosshead pin or gudgeon to the centre of 
the crank pin. 

d = diameter of rod in inches, at the middle of its length, if of 
circular section. 

6 = breadth or thickness of rod in inches if of rectangular 
section. 

A = depth of rod in inches, at the middle of its length, if of 
rectangular section (A being greater than b). 

II I h 
do L A 

p = maximum effective pressure of steam on piston in lbs. per 
square inch. 

Q = effective load on piston in lbs. 
7’=thrust or pull on connecting-rod in lbs. 

velocity of crank pin in feet per second. 

Thrust or Pull on Coxmecting-rod.— 

iB 
Q = •7854/)>. T ^ X Q. 

A is the centre of the crank pin, B is the centre of the cross- 
head pin or gudgeon, 0 is the centre of the crank shaft, and 0 
is the foot of the perpendicular from A on BO, 
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The greatest possible value of T is when JO is at right angles 
to BO, then, 

^ AB ^ IQ 2nQ 

n = l*75 2 2-5 275 3 
c = l-044 1-033 1-021 I’OIT J-014. 

For stationary engines, n = 2-5 to 3, but it is sometimes as 
small as 2, and sometimes as large as 3-75. 

For ordinary marine engines, n = 2, but it is sometimes as 
large as 2-5. 

For the engines of war-ships, n is sometimes as small as 1-75. 
For locomotives, n = 3, but it is sometimes as small as 2'7, and 

in some exceptional cases as large as 4*8. 
For portable engines, n —3-5. 

Strength of Connecting-rods.—iZorfs.—The following 
empirical formula is based on numerous examples from actual 
practice ;— 

d = 
V300 + r\/r_ 

KKK) 

Putting 7'= 1-025^ = 1-025 x-7854i>V, then, 

The material of the rod is supposed to be wrought-iron or 
mild steel. 

r= 8 10 12 14 IG 18 20 
Cl =-019 •020 •021 •022 •024 •025 •026 
C2 = '017 •018 •019 •020 •021 •022 •023 

Messrs. Seaton and Roiinthwaite, in their pocket-book of 
marine engineering, recommend an empirical formula, of which 
the following is a slight modification :— 

£/=-0418\/^ for mercantile engines. 
d=-0371 for naval engines. 

The stress in a connecting-rod due to the thrust or pull is, 
T 

•7854(^*’ 

and the stress due to the bending action caused by the inertia 
of the rod is approximately, 

•103F2f2 

Id ' 
The sum of these two stresses should not exceed 6000 lor 

wrought-iron. and 7000 for mild steel 
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If, as is generally the case, the crank-pin end of the connect¬ 
ing-rod is much heavier than the crosshead end, the rod is made 
with a straight taper ; the diameter at the crosshead end being 
not less than ’*^d. Sometimes a rod with a straight taper has a 
diameter at the crosshead end equal to ’95d, but generally it is 
about '\)2d. 

When the two ends of the rod are equally heavy and the rod 
is comparatively short, it is usually made parallel. Long rods 
with equally heavy ends are generally made barrel-shaped, and 
the diameter of each end is then from ft/ to ^d. 

Sometimes the rod is tapered from the crosshead end to the 
middle, and is parallel for the remainder of its length. 

The smallest diameter of the rod should not be less than 
•0146 or '0\^D Jp for wrought-iron, and not less than 
•0135/^7’ or '0^2D Jp for mild steel, 

Rectangidar Rods.—The following empirical formula is based 
on examples of locomotive connecting-rods :— 

<■3 s/p 

650()^/m - s/»i 

Putting 7’=1-014Q = 1-014 x '7854 Z>V. then, 

7280^™ 
_C47> 

r= .35 40 45 50 55 V
 

li *0132 ‘01.3(1 *0140 •0145 
C4= *0115 •0118 •0121 •0125 •0129 

In practice m varies from *42 to *67, an average value being *6. 
The rod is either uniform in depth or it has a straight taper. 

In the latter case the depth at the crosshead end is from to. 
\h. The thickness h is nearly always uniform throughout the 
length of the rod, 

T 
The stress in the rod due to the thrust or pull is ; and the 

stress due to the bending action * caused by the inertia of the 

, . . , , *079 
rod IS approximately —• 

The sum of these two stresses should not exceed GCKK) for 
wrought-iron, and 7000 for mild steel. 

Coupling-rods.— 
length of coupling-rod in inches, measured between 

centres of crank pins. 
i2=radius of cranks in inches. 
F=velocity of crank pins in feet per second. 
A =area of cross section of rod in square inches. 

* XhB bending moment is greatest at about *421 from the crank pin. 
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Z=modulus of section of rod (see p. 212). 
thrust or pull on rod in lbs. 

The greatest bending moment due to the inertia of the rod is 

at the middle of its length, and is = -018 ^ • 

V1J2 

The stress due to the greatest bending moment is = *013 • 

T 
The stress due to the thrust or pull is — 

The sum of these two stresses should not exceed (>000 for 
wrought-iron, and 7000 for mild steel. 

Locomotive coupling-rods are usually of uniform section 
throughout, and are either of rectangular or I section. 

CONNECTING-ROD ENDS. 

Common Strap End.—7^^maximum pull on the connecting- 
rod. /= safe tensile stress for material of strap in lbs. per square 
inch = 6000 for wrought-iron, and 70(K) for steel. 

^ should be such that the area of the cross section at the 
cotter hole is not less than hti. 

The area of the cross section of the gib and cotter combined 
ehonld not be less than hti. 

The thickness of the cotter is generally *256, then shoold 
not be less than 

A may equal and B may equal 2'5^« 
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Fixed strap End.—The dimensions and tz are determined 
as for a common strap end. 

di = *009 JT for wrought-iron = 008 >JT for steel. 

/>i — 1 *9^1, ^4 = 1 *3^1, 

The thickness of the cotters may be *256. 
The thickness of the steel bearing piece sometimes introduced 

to distribute the pressure of the cotter on the brass may be equal 
to the thickness of the cotter. 

The cotters marked a are subjected to compression only. 
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Solid or Box End.—ti, ^2* ts £tre found as for a oommon 
strap end. The cotter is in compression only. 

cl^~ to ‘Sci^. 
The slope of the block B next the brass equals 1 in 4 to 1 in 7, 

generally 1 in 6. 

Brasses for Connecting-rod Ends.— 
thickness of brass or step at bottom in inches. 

(i=diameter of bearing in inches. 
+J inch for bearings up to 8 inches in diameter. 

t = +1 inch for bearings above 8 inches in diameter. 

The thickness at the sides is generally from to t, but is 
sometimes as small as '2t 



MARINE CONNECTING-ROAD END 523 

Marine Type of Connecting-rod End.—This is largely used for 
stationary as well as for marine engines. 

For bolts 2 inches in diameter and upwards / = 6000 for wrought- 
iroDf and 7000 for steel. For smaller diameters /must be dimi« 
nished. For bolts under 1 inch in diameter/should not exceed 
8000 for wrought-iron, and 4200 for steel. 
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The bolts are generally made of mild steel, and the nuts of 
wrought-iron. 

The breadth B of the rod end is generally a little greater than 
the diameter of the adjacent part of the rod. B should not be 
less than l’73(f \ ’15 inch, where d is the diameter of the bolt 
over the screw thread in inches. VA 

= ^ to 1-2.4. 

C varies from -Ik/ to d, but should not be less than half the 
minimum value of B, given above. 

Forked Ends.—a = area of cross section of adjacent part of 
rod = *7854//“ The total area of the section of the jaws is usually 
from l'2ry{i to l-8<jr, and in the case of the solid forked end the 
total area of the section through the eyes is usually from l-4a 
to I'Ocr. The following proportions make the total section 
through the jaws about I-4u, and the total section through the 
eyes about boa ;— 

B=J) to 1-2A average value = 
0= 51) when 
B~Cio 1*35(7, average value = l*26b-*6/) when C—’BD. 
F~'^D when E-'Q,!). 

For the design shown to the right B and C are generally greater 
than for the design shown to the left. 

Biameter of each of the four bolts at the bottom of the screw 

thread= *564 V T 
r where / has a value equal to 90 per cent. 

of the value given in the preceding article for two bolts. 
diameter of bolts over the screw thread in inches. 

B^—d to l*2d. 
b should not b« less than l'73df*f *16 inch. 
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CROSS HEADS. 
Rubbing Surface of Slide Block. ~ 

2) = diameter of piston in inches. 
X = length of stroke of piston in inches. 

Z = length of connecting-rod in inches, measured from the 
centre of the cross-head pin or gudgeon to the centre of 
the crank pin. 

n^UL. 
p —niaximiirii effective pressure of steam on piston in lbs. per 

square inch. 
= effective load on piston in lbs. 

/<* —reaction of the guide bar on the slide block in lbs. 
9-pressure on the rubbing surface of the slide block in 

lbs. per square inch. 
a- area of rubbing surface of slide block in square inches. 
iSi = speed of piston in feet per minute. 

A is the centre of the crank pin, B is the centre of the cross¬ 
head pin or gudgeon, 0 is the centre of the crank shaft, and C 
is the foot of the perpendicular from A on BO. 

The maximum value of R is when AO is at right angles to 
BO, then 

4 

=:kq. 

n=l75 2 25 2*75 ii 
•29H •2r»S *204 185 *109 

R 
a = "* 

]47(J0() 
For stationary engines, 7 = -”--, but should not be less than 

30 or more than 60, 

For locomotive engines, $= ^ should not be less than 

iO or more than 60. 
RflOOO 

For marine engines, q= ., but should not be less than 60 

or more tlian 80. 
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Cro88-head Pin or Gudgeon.- 
/> = diameter of piston in inches. 
/^=maximiini effective pressure of steam 

on piston in lbs. per square inch, 
—diameter of pin Journal in inches. 

/ — length of pin journal in indies when 
supported at both ends, as shown in 
Fig. (a). 

4/ = length of pin journals in inches when 
the pin is fixed at the middle, as 
shown in Fig. (/>). 

n = l~d, and therefore I ^7id. 
jr> —pressure on projected area of journal 

((/ X 1) in lbs. per square inch. 
/= maximum safe stress m lbs. per square inch. 

The pin will have sufficient bearing area when 

d = 
\np 1(K) 

where k= 
90 

The pm will have sufficient strength when 

, . D^/P , . _100^/n 

Vy V/ ’ 
The following table gives values of k and A’l corresponding to 

various values of n and p or f:— 

n 
Values of k when p ir. Values of k wlien.i 

800 1 KKK) 1200 1 1400 4000 i 5000 1 (KKX) 7(X)0 

*9 3*35 I 3*00 2*74 2*54 1*50 1*34 1*22 1*13 
1*0 3*18 2-85 2*fU) 2*41 1*58 1*41 1*29 1*20 
1*1 3*03 2*71 2*18 2*29 1*66 1*48 1*35 1*25 

2*90 2*60 2*37 2*20 1*73 1*55 1*41 1*31 

1*3 2*79 2*50 ' 2*28 2*11 1*80 1*61 V47 1*36 
1*4 2T)9 2-41 2*20 2*03 1*87 1*67 1*53 1*41 
1*5 2-60 2*32 2*12 1*96 1*94 1*73 1*58 1*46 
1*6 2*52 2*25 2*05 1*90 2'(X) 1*79 1*63 1*61 

1*7 2*44 2*18 1*99 1*84 2*06 1*84 1*68 1*56 
1*8 2-37 2*12 1*94 1*79 2*12 1*9{) 1*73 1*60 
1*9 2*31 2*06 1*88 1*74 ' 2*18 1*95 1*78 1*65 

1 2*0 2*25 2*01 1*84 1*70 2*24 2*00 1*83 1*69 

In practice w generally varies from 1 to 1*3 for pins supported 
at the ends, as in Fig. (a), and from 1*3 to 2 for pins overhunfir. as 
in Fig. (6). 

p does not generally exceed 1200, 
/ may be t^en at 6000 for wrought-iron, and 7000 for steaL 
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Wrought-iron or mild steel pins should be case hardened and 
afterwards ground true. 

If when the pin has sufficient bearing surface it is found to 
have an excess of strength, it may be lightened by drilling a 

hole through it of a diameter di — 

Types of Cross-heads.—^ 

Wrought-iron or steel cross-head, with cast-iron or brass slide 
blocks. Approximate proportions are marked on the Figs., in 
terms of di, the diameter of the piston-rod. 
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cast iu one piece with the cross-head. The brass facings are 
connected to the cross-iiead with brass rivets. This type is 
chiefly used in America on locomotives and high-speed engines. 
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Types of Cross-heads {continued).— 

When slide blocks are made of wrought-iron or steel, their 
sliding surfaces should be faced with a softer metal. In 
American practice it is common to tin the sliding surfaces of 
wrought‘iron or steel slide blocks to a depth of inch. 

Guide Bars for Cross-heads.—R, the maximum load on the 

guide bar, cannot exceed 
Q 

where Q is the greatest 

ejffective load on the piston, and n is the ratio of the length of 
the connecting-rod to the stroke of the piston. If R is assumed 
to act at the middle of the length of the bar, then the greatest 

bending moment on the bar is where S is the distance 

between the supports of the bar. If the load R is carried by 
RS 

two bars, then the greatest bending moment on each is ^ . The 

bending moment must be equated to the moment of resistance 
of the bar, as explained on p. 260. The stress / may be taken 
at 3000 Iba per square inch for cast-iron, and 6000 for wrought- 
iron or steel. 

Caet-iron bars are usnaUv of X section, while wrought-iron 
bars are of reotangular section. 
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PISTONS. 
Small and Medium Sized Pistons.— 

where i) = diameter of piston in 

inches, and /* = initial steam pressure in lbs* per square inch. 

Unit for proportions =- 

Large Cast-iron Pistons.— 

inches, and initial steam pressure in lbs. per square inch. 
The junk ring bolts are made of wrought-iron or steel, and 

the nuts of brass. Diameter of j unk ring bolts = + i 

Fitch of junk ring bolts = 7 to 10 times their diameter. 

Humber of intenial ribs about 
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expansion marine engines : — 

Unit for proportions — 
D^IP 
KX) ’ 

where /> = diameter of high pres^ 

sure piston in inclics, and 7^ = boiler pressure (above the atmos¬ 
phere) in lbs. per square inch. 

A = •4H for h.-p. piston. 6' =‘33 for h.-p. piston. 
A =*54 for i.-p. piston. U=‘34 for i.-p. piston. 
A = *04 for l.-p. piston. for l.-p. piston. 

to 3‘1, average 2*2. 75*= *74. 
.£’ = 3*8 to 5‘4, average 4*0, and is generally such as will make 

the sloping part of the low-pressure piston inclined at 
about 20°. 

jy=l*5 to 2‘7, average 1*7. 

The annexed illustrations show the form and proportions 
of cast-steel pistons introduced 
by the Rogers Locomotive Com¬ 
pany, of Paterson, N.J., for their 
compound locomotives. The unit 
for the proportions is that already 

I) IP 
given, viz., . The Ramsbottom 

packing-rings are of cast-iron, f inch 
square in section. Tlie cutting of 
the cylinder which sometimes takes 
place with cast-steel pistons is pre¬ 
vented by a broad cast-iron ring 
placed between the packing-rings. 
This ring is split at the top, and 
sprung on to the piston, to which it 
is secured by six J-inch copper rivets. 

The packing - rings of pistons 
which work in cylinders fitted 
withiorged'Steel liners should be made of hard bronze. 
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Piston-rods.-- 
</=diameter of piston-rod in inches. 
/ = length of piston-rod in inches. 

rf 
/>--diameter of piston in inches. 
p = greate.^t eH'octive pressure on piston in lbs. per square inch, 

t Klr- 

25 30 
•01!I3 •0207 

To calculate (L fir^t assume a value for r, and use the corre¬ 
sponding value of r, to find the a]>proximate value of d. Dividing 
I by this approximate value of d^ a more correct value of r i.s 
obtained ; and using the corresponding value of c, a sufficiently 
exact value of d is found. 

For the piston-rods of oscillating cylinders, d~ '0221) 
Let cfi = diameter of the screwed end of the rod at the 

bottom of the screw thread. 

^^-•(>13 for large screws (dj greater than 2 inches) of 
wrought-iron. 

— •Oil for large screws (di greater than 2 inches) of 
steel. 

For smaller screws, k is increased until 
‘018 for small screws {di less than J inch) of wrought® 

iron. 
- ‘OIG for small screws {dj less than J inch) of steel. 

a — ejf ^7), wiicrc c - 

10 
'OKU 

15 
■0171 

1MK)0 

20 
•0181 
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STUFFING-BOXES. 

BRASS GLAND. 

il i r-- 
'—^ 1 1 
1 
1 1 

tjrr.. [j 

BRASS GLAND. 

^ The proportions of stufiing-boxes and their glands vary con¬ 
siderably in actual practice. The following rules are based on 
a large number of examples r— 

(/=diameter of rod. 
*22^ -1- 6. 

^a=d-}-l to l*3(i+l. 
4=’754. 

<4=diameter of bolts = 

t — '\d H- *G. 
r.i = l-4«=:T4f/+-84. 
t2 = i. 
^3= *04^ + *2, but not to exceed ^ inch. 
U= 'Id + *13, but not to exceed 1 inch. 

'l2d,-h'o when two are used. 
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The annexed illustration 
shows a form of brass stuff¬ 
ing-box and gland suitable 
for small rods. 

ff “diameter of rod. 
^ 1 :ki f G. 

-5. 
h - ■‘id f I 

= I 1-5 
/3=-Gd-f 1. 
t==‘\d i *3. 

ti=:-\ryd f-5 

h — Gd -( 1. 
A, -Ih/l-b 
A, -GTd I 1-2. 
h,i — '3d "j-' <. 
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VALVES. 

Flap or Clack Valves.—At one time flap or clack valves were 
very common, but they are now used to a very limited extent. 
These valves may be made entirely of brass or other metal, but 
they are generally made of leather stiffened by metal plates. 

Large flap valves work very much smoother if made double, 
as shown above, the area of the opening of the inner valve being 
about one-third of the area of the opening of the main valve. 
Mr. Henry Teague states* that double flap valves 15 inches in 
diameter have worked incessantly for five years without chang¬ 
ing a leather, and without showing the least sign of leakage, 
under 350 feet head of water, and without the slightest con¬ 
cussion. For a velocity of 160 feet per minute of the pump 
piston, Mr. Teague found that the weight of the flap should be 
about 2 lbs. per square inch. The width of the seat for a flap 
valve may be from one-eighth to one-twelfth of the diameter of 
the valve, and the flap should open about 36®. 

* Vif the InetituHfm a^Me^umietU Evgineerit 1887. 
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India-rubber Disc Valves.—The thick¬ 
ness of the india-rubber is generally f 
inch to ^ inch for small, and | inch to 
I inch for large valves. Tlie area of the 
seat or grating in contact with the india- 
rubber .siiould be sufficient to prevent the 
pressure between them exceeding 40 lbs. 
per square inch. The perforate<l guard 
which limits the lift of the valve may be 
eitlier conical or spherical. If conical 
the slant side may slope to the valve seat 
at an angle of .'10®, and if spherical its 
radius may be equal to three-fourths of 
the diameter of the india-rubber disc. 

Single-beat Direct-lift Valves. —(^/), (/^), and (c) are conical 
disc valves. The face of the valve and its seat are parts of the 
surface of a cone whose .slant side usually makes 45'' with its 
axis, (d) is a disc valve with a flat face, and {e} is a ball valve. 

{a) and {h) are guided in rising and falling by feathers on their 
under sides, which fit into the cylindrical parts of their seats. 
The feathers on (6) are of a screw form, which enables the fluid 
to give the valve a rotary motion as it rises, and thus prevents 
the parts of the valve face from always beating on the same 
parts of the seat, and secures more uniform wear, (c) and (d) 
are guided by a central spindle, as shown. 

The lift of a single-beat valve should not exceed one-fourth of 
its diameter, and when the valve is controlled automatically by 
the action of the fluid the lift is generally much less than this. 
When the pressure on the valve is great, the lift should not exceed 
J inch. 

The width of the valve seat may be as small as inch, and 
it is sometimes as much as ^ inch. The narrower the seat the 
easier is it to make the valve tight, but the area of the seat must 
be sufficient to prevent the material of the valve and seat from 
being crushed. 

These valves and their seats are generally made of brass. 
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Double-beat Valves.— 

These valves and their .sealings are made of brass or bronze. 
Let Di and be the diameters (in inches) of the larger and 

smaller seats of a double-beat valve, // the lift (in inches) which 
gives the maximum opening, and P the effective pressure of the 

If 
fluid in lbs. per square inch. Then, Z>)' 

required to open the valve is '7864(Pj - P^)P, neglecting the 

width of the seats and the weight of the valve. 
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Stop Valves.—Stop valves on 
single-beat valves operated by a 
hand-wheel on a screwed spindle 
which passes through a stuffing- 
box in the valve casing. The 
valve and its seat are made of 
brass or gun-nietal. The casing 
may be made of cast-iron, gun- 
metal, or cast-steel. The nuf into 
which the screw on tlie spindle 
works may be at the bottom of 
the stuffing-box, but in large 
valves it is generally in a cross- 
head outside the casing. 

The valve is full open when it 
is raised a distance equal to one 
quarter of its diameter. 

The area of the valve must be 
sufficient to allow the steam to 
pass through at a velocity not exc 

steam boilers are generally 

8000 feet per minute. 
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pilot, relief, or by-pass valve in the centre. The relief valve, 
being small, is easily opened, and when opened it allows the 
steam to surround the main valve, and thus place it in equili¬ 
brium ; the main valve is then easily opened. 

Turnbull’s is a good design of stop valve, and is illustrated 
below. The special features of this design are—(1) gradual 

opening due to the curved ring on the under side of the valve, 
(2) free expansion seating, and (3) a seating which is easily 
removed. 

All large stop valves of the single-beat design, without relief 
valves, should be fitted with a second hand-w^heel and diflPerential 
screw arrangement to press the valve to its seat in closing, and 
to start it in oj)ening. This arrangement is shown at (a) in the 
illustration of Turnbuirs valve. The lower hand-wheel, or power- 
wheel, is fixed upon a scrcw'ed bush, the inside of which fits the 
screw on the valve spindle, while the outside fits into the screw 
in the cross-heart The outer screw on the bush being of greater 
pitch than the inner screw, the motion of the valve for one 
revolution of the power-wheel will be equal to the difference 
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between the pitches of the two screws; and, as this may be 
made much smaller than the pitch of the screw on the valve 
spindle, a much smaller force at the circumference of the wheel 
will be sufficient to exert a great force on the valve. The smaller 
wheel on the valve spindle is used for rapidly opening or closing 
the valve. 

HEAT. 

Thermometric Scales.—The standard freez¬ 
ing temperature is the temperature of a mixture 
of w'ater and ice under ordinary" atmosplieric 
pressure. 

The standard boiling temjxjrature is the tem¬ 
perature of steam from water under a i>ressure 
of 14'7 lbs. per square inch, or 29*9 inches of 
mercury at the standard freezing temperature. 

On the Fahrenheit scale the freezing point i.s 
marked 32', and on the centhp'adc scale it is 
marked or zero. On the Fahrenheit scale 
the boiling point is marked 212°, and on the 
centigrade scale it is marked 1(K>\ Tlie zero 
point on the Fahrenheit scale is 32° below the 
freezing point. Temperatures below the zero 
point on either scale are distinguished from 
those above the zero point by piefixing the 
sign ” (minus) to them. Thus - 10° means 
10 degrees below zero. 

Conversion of Thermometric Scales. -- 
temperature on the Fahrenheit scale. 

C'= equivalent temperature on the centigrade scale. 

C=-]'{FF^?0+32. 
9 5 

Examples. 

(1) To convert 191° Fahr. into degrees cent. 

C T32) = 162=^90“. 

(2) To convert 11° Fahr. into degrees cent. 

fjoi 32) ;-’x( IK) 10^ 

(3) J’o convert 20' cent, into degrees Fahi, 

/’=!’X 20 + 32 = 36 + 33= 68“. 
5 
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The Practical Measurement of Temperature fAbstracted from 
the Cambridge Instrument Co., Ltd., publication; Accurate 
Mmsurement of Temperature).—The gas thermometer is of 
fundamental importance in determining standard temperatures, 
but it is too elaborate and difficult to be used in the majority 
of laboratories or workshops. Other means of measuring tem¬ 
perature have therefore to be devised. Any property of a 
substance which varies with temperature can theoretically form 
the basis of a temperature-measuring instrument. Many pro¬ 
perties have been used, but those generally employed are as 
follows;— 

1. The expansion of liquids. 
2. The vapour pressure of liquids. 
3. The electrical resistance of metal wires. 
4. The thermo-electric potential between two dissimilar 

wires. 

In addition, certain instruments do not measure temperatures 
directly, but measure the radiation emitted by the hot body, 
from which value the temperature of the body can be determined. 
The table on p. 645 classifies the main types of instruments, 
together with the ranges for which they are suitable. 

Mercury-in-glass thermometers are still in general use, and 
within their range may be read to a high degree of accuracy. 
Mercury-in-steel and vapour-pressure thermometers are robust, 
and the dial may be in a convenient position at a distance from 
the heat-receiving bulb and a number of instruments may be 
grouped together. Resistance thermometers are robust and 
accurate, and suitable for centralised readings; they have 
advantages over the thermo-electric type for measurement of 
low temperatures. Thermo-electric thermometers are the most 
generally useful type for temperatures between 400° C. and 
1200° C., being simple and reliable to a hi^ degree of accuracy 
when properly installed and maintained. Radiation and optical 
pyrometers have a much higher range than the other types. 

All temperature problems resolve themselves into dealing with 
a ^8, a liquid, or a solid. 

For gas temperatures it is usually only necessary to immerse 
the sensitive part of the thermometer in the gas and allow it to 
acquire the temperature. If the gas is not in motion there may 
be a time lag due to the small thermal capacity of the gas and the 
large capacity of the thermometer, while if it is in rapid motion 
the pressure and temperature changes will necessitate a very 
sensitive thermometer to follow them; in such cases the sensitive 
bulb should be placed parallel to the gas stream. 

Liquids have a greater heat capacity and do not present the 
same difficulties. 

The accurate measurement of the temperature of a solid body 
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is much more difficult. A thermocouple can sometimes be 
inserted in a small hole drilled into the body, but errors due to 
conduction along the thermocouple must be considered. In many 
cases the solid body is situated in a furnace, and unless the tem¬ 
perature is high enough for a radiation pyrometer to be used, it 
is the temperature of the gas surrounding the body that must be 
measured. There are now available many special forms of pyro¬ 
meters designed for measuring the surface temperatures of solids, 
in cases where the temperatures do not exceed 800° C., and where 
it is possible to bring the pyrometer into actual contact with the 
surface. 

Quantity of Heat—Unit of Heat.—A unit of heat is the quan¬ 
tity of heat required to raise a unit mass of pure water one 
degree in temperature. 

The British thermal unit of heat (B.Th.U.) is the 1/180th part 
of the heat required to raise one pound of water from 32° F. 
to 212° F. This may be called the pound-degree Fahrenheit 
unit. 

The pound-degree centigrade unit is the 1/lOOth part of the heat 
required to raise one pound of water from 0° C. to 100° C. This 
unit is called either the centigrade heat unit (C.H.U.) or the pounds 
calorie (Ib.-cal.). 

In the gramme-degree unit the gramme is the unit of mass, 
and the centigrade scale of temperature is used. This unit is 
called the gramme-calorie^ or French unit of heat. 

In the kilogramme-degree unit the kilogramme is the unit of 
mass, and the centigrade scale is used. This unit is called the 
major calorie or kilogramme-calorie, but frequently it is called 
simply the calorie. 

The First Law of Thermodynamics—The Hechanical Equi¬ 
valent of Heat.—Heat and mechanical work are mutually con¬ 
vertible, and one unit of heat is equivalent to a definite amount 
of mechanical work called the mechanical equivalent of heat. 

The mechanical equivalent of heat is usually denoted by the 
letter J in honour of Joule, who did most to determine its 
numerical value. 

If a quantity of work W is converted into H units of heat, 
then the first law of thermodynamics is expressed by the equa¬ 
tion W=^JH, 

The value of J is 778 ft.-lbs. per B.Th.U., or 1400 ft.-lbs. per 
C.H.U. 

Specific Heat of Solids and Liquids.—The specific heat of a 
substance is the ratio of the amount of heat required to raise its 
temperature 1° to the amount of heat required to raise the samd 
weight of water 1°. 
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Substance. Specific 
Heat Substance. Hiieciflc 

Heat 

Aluminium. *214 Glass . •198 
Antimony. •051 

, , , {J;“ •208 
Bismuth. . ... •031 •218 
Brass. •091 Coal, anthracite . . . ■201 
Copper. •09.5 Coke. •202 

„ from 32° to 572° F. •101 Charcoal. •241 
Gold. •032 Sulphur. •203 
Iron, cast. •130 Ice. •504 

„ wrought . . . •114 Mercury.| •033 
Lead. , *031 „ from 32'to 572° F. ! -035 
Nickel. 1 -109 Olive oil. 1 *310 
Platinum. I -033 Water, near 32° F. . . 

„ from 32° to 104° F. 
1 1-0000 

„ from 32° to 900° F. 1 *035 ' 1-0013 
„ „ 32°to20(K)'F. •038 „ „ 32° to 17(5° F. 1-0035 

Silver. •05() „ 32° to 248° F. 1-0067 
Steel. ‘ -117 „ „ 32° to 32(f F. 1'0109 
Tin. •050 „ „ 32° to 392° F. 1-0160 
Zinc. •094 „ „ 32'to 41(5° F. 1-0204 

The specific lieats given in the above table are the mean 
specific heats between the temperatures 32' and 212° Fahr., 
except in the case of ice and where other ranges of temperatures 
are stated. 

The specific heat of a substance increases witli the tem¬ 
perature. 

The amount of heat required to raise the temperature of a 
given weight {^o) of a substance, whose specific lieat is s, 
through a given number of degrees (t), is equal to wts. 

Specific Heat of Gases.—Gases have two specific heats : (1) 
specific heat at constant pressure, and (2) specific heat at con¬ 
stant volume. The former is greater than the latter, because 
when the pressure is constant the volume of the gas increases 
when heat is applied, and this heat has not only to raise the 
temperature, but it has to do work in expanding the gas against 
the external pressure. 

The following table gives the specific heats of equal weights 
of various gases at constant pressure:— 

Specific Heats of Gases at Constant Pressure. 

Air. •2374 Carbonic acid . . •2169 
Hydrogen .... 3-4090 Carbonic oxide . . *2450 
Oxygen . •2175 Ammonia .... •5084 
Chlorine .... •1210 Marsh gas .... •5929 
Nitrogen .... •2438 Olefiant gas . . . •4040 
Steam (gaseous). . •4806 Sulphurous acid . . •1654 
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The simple gases air, hydrogen, oxygen, and nitrogen have the 
same specific heat per unit of volume. 

Ratio of the two specijic heats.— 
Specific heat at constant pressure ^ 
Specific heat at constant volume “ 

Latent Heat of Fusion.—The latent heat of fusion is the 
amount of heat required to convert a unit weight of a solid into 
the liquid state witliout raising its temperature. 

Non-metallio 
Substances. 

Melting 
Point. 
Pahr. 

Latent 
Heat. 

B.Th.U. 
Metals. 

Molting 
Point. 
Fahr. 

Latent 
Heat. 

B.Th.U. 

Ice .... 144 Bismuth . 616° 23-4 
Nitrate of soda 591 113-3 Cadmium. 610 24-6 
Nitrate of potass 642 85-3 Lead . 621 9 
Phosphorus, 111 9-1 Mercury . -37-8 6-4 
Spermaceti . 120 148 Silver . . . | 1733 37-9 
Sulphur. 239 16-9 Tin ... i 450 25-2 
Wax. 149 175 Zinc . . . 784 60-4 

M. Person gives the following formula for the latent heat of 
fusion of non-metallic substances :— 

l=z{s' -s){ti 250), 

where Z = latent heat of fusion in British thermal units, 
a=specific heat of substance in the solid state, 

s'=specific heat of substance in the liquid state. 
^ = temperature of fusion in degrees Fahrenheit. 

Latent Heat of Evaporation.—The latent heat of evaporation 
is the amount of heat required to convert a unit weight of a 
liquid into the gaseous state without raising its temperature. 

Latent Heat of Evaporation of various Liquids under a Pressure of 
one Atmosphere^ or 14*7 Lhs. per Square Inch. 

Liquid. 
Specific 
Heat of 
Liquid. 

Boiling 
Point. 
Pahr. 

Liatent 
Heat. 

B.Th.U. 

Water ..... 1-000 212° 970-7 
Alcohol ..... •624 172-8 369 
Bisulphide of carbon •236 115 180 
Ether ..... •616 94-1 162 
Oil of turpentine •463 316 124 
Wood spirit .... •601 160 476 
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Specific Gravities and Boiling Points of Salt Water.— 
Proportion ! 
of Halt in 
Water, i 

Hpccifio 
Gravity. 

Boiling 
J*oiut. 
I’ahr. 

Proportion ' 
of Halt in 

Water. 

Spceiftc 
Gravity. 

Brnling 
Point. 
Fahr. 

d’. I 1-029 2i:t2 ;('•> 1 i-2o:i 220-5^ 
.“o 1 -OjS 211-r .'i'V 1 1 •2:{2 221-5" 

.T •* - ) 
.'I ‘i ' 1-0H7 215-5 » 1 

.'I i 1 1 ^Ol 222-7" 

i 1-1 lb 210-7' li % 1 -290 1 225-H" 
5 

.*t i' ' Mir) 217-9" 
1 '2 

1-519 225-0" 

•i 0 1-171 219 r 1-548 220-r 

The water is supposed to be under ordinary atnu)si)lieric pres¬ 
sure, corresponding to dO inches of mercury in the barometer. 

Ordinary seawater nsiiallycontains aboutof itsweight of salt. 
The freezing point of ordinary sea water is about 27" Fahr. 
A saturated solution of salt water freezes at about 4" Fahr., 

and it contains about H of its weight of salt. 
Before the introduction of surface condensation the boilers of 

Bteam-bhips were fed with sea water, and it was then the practice 
to prevent the proportion of salt in the boiler water from in¬ 
creasing beyond This necessitated blowing off from the 
boiler I of all the water fed into it. 

Melting Points or Temperatures of Fusion,— 
Solid. Cent. Fahr. Solid. Cent. Fahr. 

Aluminium 659 1218 Steel, mild. 1475 2687 
Antimony . 630 1166 „ hard. 

Tin... . 
1420 2588 

Bismuth . 271 520 232 450 
-Brass . 1030 1886 Zinc 419 787 
Bronze. 920 1688 Carbonic acid . -65 -85 

Sr: : : 1083 1981 Glass . 1100 2012 
1063 1945 Mercury -38-9 -38-0 

Iron, cast, groy 1220 2228 Nitro-glycerino 7-2 45 
„ „ white 1135 2075 Paraffin wax . 54 129 
„ pure. . 

Lead , 
1530 2786 Sulphur 115 239 
327 621 Sulphurous acid -76 -105 

Manganese 1230 2246 Tallow . 33-3 92 
Platinum . 1775 3227 Turpentine -10 14 
Silver . 961 1761 Beeswax . i 65 149 

Oondaction of Heat.— 
Relative Conductivity of Metals, 

Silver 100-0 Iron .... 11-9 
Copper . 92-0 Steel.... 11*6 
Gold . 53-2 Lead.... 8*5 
Aluminium 48-0 Platinum . 8-4 
Zinc 27-0 Antimony . 4-0 
Brass 23-6 Bismuth . 1*8 
Tm . . . 14-5 Mercury . 1-3 
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Transmission of Heat through Boiler Plates and Tubes.— 

<7 = ^ - (Raukine’ft approximate formula), 

where q is the niimbor of British thermal units of heat trans¬ 
mitted through one square foot of plate or tube in one hour, 

and the temperatures of the hotter and cooler sides of the 
plate respectiveh in degrees Fahrenheit, and a is a number 
which lies Ix'tween IGO and 200. 

Radiation and Absorption of Heat.—“The rate of radiation 
of heat by the hotter of a pair of bodies, and of its absorption 
by the colder, are increased by darkness and roughness of the 
surfaces of the bodies, and dimini.shed by smoothness and 
polish” {Ranhinc) 

Coefficients of Linear Expansion of Solids by Heat.—The 
coefficient of linear expansion of a solid by heat is the ratio of 
its increase in length for J ° to its length at 0° C. or 112° F. 

Oocjicicnts of Linear Expansion at Temperatures hctiucn 
32“ Fahr. and 212^ Fahr. 

Material. For 1“ Cent For r Fahr. 

Aluminium, cast . ‘0000222 •0000123 
Aluminium, rolled . ■(X)00207 •0000115 
Antimony •0000110 •0000061 

: Bismuth . •0000130 •(K)00077 
Brass •00001 0000105 
Copper . • •0000171 •0(X)0095 
Gold •0(KH)153 •(X)00085 
Iron, ca^^t •(X)(W)108 •0000060 
Iron, wrought •(K)00n7 •0000066 
Lead •0000284 •0000158 
Nickel . •0(KK)126 •0000070 
Platinum •0000087 •0000048 
tSilver •0000108 •0000110 
Steel, unternpered . ■0000108 1 -0000060 
Steel, tempered •0000120 1 •0000070 

1 Tin .... •0000207 •0(XX)115 
Zinc •0(X)0288 •0000160 

Brick, best stock . •00(X)055 -0000081 
Fire-brick •00(XK)40 •0000027 

Building stones 
\ from 

1 fc‘> 1 

•0000072 
•0000144 

•0000040 
•0000080 

Glass ! -0000088 j •0000049 
Porcelain 1 •0000036 i •0000020 
Roman cement, dry ‘ -0000144 •0000080 
Slate 

* 
1 -0000104 •0000058 

Wedgwood ware . 1 -0000088 •0000049 
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Let a - coefficient of linear expansion. 
L = length of solid at 0° C. or 52® F. 

= length of solid at t\ above 0“ C. or 32° P. 
//2 —length of solid at tn above 0° ('. or 32° F. 

/yj - //(If ail). L{ 1 -f at^. 

It is, however, generally sufficiently accurate to take 

Ijy = Ai(1 + a{t<2 ~ t\)}, and ~ Z/oj 1 - aito - ti)}. 

That is, the increase or decrease in length is equal to the pro¬ 
duct of the rise or fall in temperature, the coefficient of expan¬ 
sion, and the original length. 

Cubic Expansion of Solids by Heat.—The coefficient of cubic 
expansion of a solid by heat may, for all practical purposes, be 
taken as equal to three times the coefficient of linear expansion. 

Real and Apparent Expansion of Liquids by Heat.—When 
heat is applied to a liquid the vessel containing the liquid is 
also heated, and both will undergo a change of volume. If the 
expansion of the liquid is deternaincd from the rise of the level 
of the liquid in the vessel, neglecting the expansion of the vessel, 
this is called the apparent expansion of the liquid 

Let = coefficient of apparent expansion of a liquid, 
= coefficient of (cubic) expansion of containing vessel, 

A', = coefficient of real expansion of liquid, 
then — + (very nearly). 

If Fis the volume of a vessel, and a the coefficient of linear ex¬ 
pansion of the material of the vessel, then when its temperature 
is raised f its volume will become approximately F(1 +3ai). 

Absolute Expansion of Mercury {RegnaxUt).— 

Temperature 
(0 

in Degrees. 

Whole 
Expansion 
from 0* C 

Mean Coefficient of 
Expansion between 

0" C. and f" 

True Coefficient of 
Expansion at C. 

Cent. Fahr. 
to 

Cent. Fahr Cent. Fahr. 

0 32 *0001791 •0000996 
60 122 •009013 •0001803 •0001001 •0001816 •0001008 

100 212 •018153 •0001815 •0001008 •0001841 •0001023 
160 302 •027419 •0001828 •0001016 •0001866 •0001037 

200 392 •036811 •0001841 •0001023 •0001891 •0001061 
250 482 •046329 •0001863 •0001030 •0001916 i •0001064 
300 672 *056973 •0001866 •0001037 *0001941 •0001078 
360 662 •066743 •0001878 •0001044 •0001967 •0001093 

For absolute expansion of water see p. 342. 
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Change of Volume and Density of Solids and Liquids by 
Heat.— 

Let A =real coefficient of cubic expansion of solid or liquid. 
I'l — volume at temperature above 0° C. or 32° F. 

Wj — weight „ 

W.= „ „ 
At. 

Ti iid^; 

= 1 H A{f2~ti) nearly. -l~A{(^2~h) nearly. 

Relations between the Volume, Pressure, and Temperature 
of a Gas.—The following formula' are nearly true for the more 
permanent gases, such as oxygen, nitrogen, hydrogen, and 
atmospheric air:— 

(1) 2'emperature constant. 

Let Vj denote the volume of a given quantity of a gas, and 
Pi its pressure. Let the volume Fi be changed to To, then P\ 
will change to P2, and 

— or P\ Vi—P^^ 'i {Boyle's law)^ 
12 P\ 

(2) Pressure coyistant. 

Let I'l denote the volume of a given quantity of a gas, and t\ 
its temperature. Let the temperature be changed to io» then 

will change to F.^, and 

Fj 1 + ati . „ , , , 1 \ 
y = {Charles or Gay Lusac s law)^ 

where a is the coefficient of expansion of the gas for 1° of tem¬ 
perature. Values of a for different gases are given in the table 
on the opposite page. 

(3) Volume constant 
Let Pi denote the pressure of a given quantity of a gas, and 

ti its temperature. Let the temperature be changed to ^2, then 

Pi will change to ^2* and 

where c is the coefficient of change of pressure of the gas for 1® 
of change of temperature. Values of c for different gases are 
given in the table on the following page. 

If the gas conforms strictly to Boyle’s law, then a=e. 
In the above formulae the temperatures are in degrees above 

the freezing temperature of water; hence, if the temperatures 
ti and ^2 are on the Fahrenheit scale, ti - 32 and <2 - 32 must be 
substituted for h and <2 respectively in the formulas. The 
pressures are absolute pressures. 

^‘2 >5 ? 

TFo_ Vi^l+Afi 
\Vi~V, 1+At2 
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The values of a and c given in the following table are those 
determined by Regnault:— 

a 
Gas, - 

Cent Kalir Cent Fahr 

Air. ■(MKitiTO •(K)2039 •00.3(5(5.5 •002036 
Nitrogen .... 1 003(5(58 •002038 
Hydrogen •ooatuil j •(K)2034 •003(507 (K)2037 
Carbonic oxide •()()20.38 •00.3(567 •002037 
Carbonic acid . •oo:i7i() •0020(;i •(K).3(588 •002049 
Nitrous oxide . •003720 , •0020(57 •00367(5 •002042 
Cyanogen •003877 •0021.“54 (H)3829 •002127 1 
Sulphurous acid •00,3903 (K)2H58 •003815 •002136 

In ordinary calculations on the more permanent gases it is 

usual to take « = for temperatures on the centigrade scale, 

and=^^^^^ for the Fahrenlicit scale. 

The Air Thermometer—Absolute Temperature.—A thermo¬ 
meter in which the expanding substance is air has the folhjwing 
advantages over the mercurial thermometer:— 

It is much more sensitive, since the expansion of air is more 
than twenty times 1 hat of mercury for the same change of tem¬ 
perature. 

The variation of volume of air for a given variation of tem¬ 
perature is the same at all tempeiatures. 

The expansion of air is so great compared with that of the 
vessel containing it, that the expansion of the latter has very 
little eifect on the reading of the air thermometer. 

The specific heat of air is the same at all temperatures. 
Air requires much less heat to change its temperature than an 

equal bulk of any liquid. 
The air thermometer may be used for very high or very low 

temperatures. 
The great objection to the use of the air thermometer is that 

it must be used in conjunction with the barometer, and a cal¬ 
culation has to be made before a temperature is determined. 
The air thermometer is therefore not used for ordinary observa¬ 
tions of temperature. 

A volume of air equal to 273 cubic inches at O'" C. becomes 
373 cubic inches at 100° C,, hence on the air thermometer it is 
convenient to denote the freezing point of water by 273 and the 
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boiling point by 873. The zero on the air thermometer is there¬ 
fore 273" C. below the freezing point of water. This is called 
absolute zero Temperatures on the air thermometer are called 
absolute temperatures, because they correspond very closely to 
the absolute scab* of temperature which is based on thermo¬ 
dynamic consideialions. 

The absolute zero by Fahrenheit’s scale is 492" F. below the 
freezing point of water, or 400" F. below the zero on that scale. 

Absolute temperature in centigrade degrees is obtained by 
adding 273 to the ordinaiy temperature centigrade. 

Absolute tempeiature in Fahrenheit degrees is obtained by 
adding 400 to the ordinary temperatuie Fahrenheit. 

The numbers 273 and 400 given above may be used for all 
oi dinary purposes ; but the former is probably barely large 
enough, and the latter rather too large. 

It has been stated (p. 552) that 

1 1 1 4 <tt\ 1 4^7 273 |-^| 
r."r-l~a<a^rT5i5t.j^2734 

using the centigrade scale. 
But 273 4 ti and 273 are the absolute temperatures corre¬ 

sponding to the ordinary temperatures i\ and and if these 
absolute temperatures are denoted by Ti and T’o, then 

V T 
.} ~7jT when the pressure is constant, 
* 'Z ^ 2 

P T 
also when the volume is constant, 

-f 2 ^2 

P F 2^ 
and p y = ^ when the pressure and volume both vary. 

For weight and volume of air and other gases see p. 346. 

Isothermal Expansion or Compression of a Gas.—When a given 
quantity of a gas has its volume and pressure changed under 
such conditions that its temperature remains constant, the 
change is said to take place imtlurmaUy, and the curve which 
exhibits the relation between the volume and pressure is called 
an isothermal curve. 

When a gas is compressed slowly in a metal cylinder, the 
heat produced during the compression is dissipated and the 
temperature remains nearly constant, so that the compression 
takes place nearly isothermally. 
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The isothermal 

done during the 
formula, 

curve for a perfect gas is a rectangular 
hyperbola, the axes OX and OY being the 
asymptotes of the curve. 

The equation to the curve is 7^1^—con¬ 
stant. 

If a volume of gas \\ having a pressure 
7^1 be expancled isotherraally until its 
volume is and its pressure P2, or if a 
volume of gas V2 having a pressure P2 

compressed isothermally until its volume 
is Ti and its pressure Pi, then the work 

expansion or compression is given by the 

F, To 
work done = Pi Tj log^ = P2 Fo log^ 

Fi 11 

= mPi Fi logic = mP2 Fo logic 
\ I Vi 

where m = 2*302585. 
If the pressures be stated in lbs. per square foot, and the 

volumes in cubic feet, the work done will be expressed in foot¬ 
pounds. 

Adiabatic Expansion or Ck>mpreBsion of a Gas.—When a given 
quantity of a gas has its volume and pressure changed under 
such conditions that no heat enters or leaves the gas during 
the operation, the change is said to take place adiabatically, and 
the curve which exhibits the relation between the volume and 
pressure is called an adiabatic curve. 

In practice the expansion or compression of a gas is approxi¬ 
mately adiabatic when the change of volume takes place rapidly, 
and the change is more approximately adiabatic the better the 
non-conducting power of the containing vessel. 

Let the volume of a given quantity of gas be Fi, its pressure 
Pi, and its absolute temperature Ti. Now suppose this quantity 
of gas to change adiabatically so that its volume becomes F2, 
its pressure P2, and its absolute temperature 7^2. then, 

PiVi^ = p,2V>^ which gives the relation between the 
pressure and volume, 

^1^1” ^=^2^2" ^ which gives the relation between the 
temperature and volume, 

V ' which gives the relation between the 
\^2/ ~ \?2/ temperature and pressure, 

where n=ratio of the specific heat at constant pressure to the 
specific heat at constant volume=1*408. 
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The foregoing equations require logarithms for thezr solution, 
thus, 

log Pi + ri log VI r=log p2 + w log r_» 
log Pi f (n l)log Fi-logPyH in- 1) log 
71 log Ti 7\ log T, — log Pi (n - 1) log P2. 

The work done when the volume changes from T"i to Vo is 
given by the formula, 

, , P1V1-P2V0 
work aone= , 

n - 1 

The Critical Temperature of a Gas.—Any gas may be liquefied 
by pressure, provided its temperature is not higher than a certain 
temperature called its critical Umpei'ature. Above the critical 
temperature the substance can only exist as a gas, howe\er gieat 
be the pressure. 

If a gas is to be liquefied by pressure, it must therefore have 
its temperature reduced at least to its critical temperature. 
The lower the temperature of the gas is, the smaller is the 
pressure required to liquefy it. 

The following table gives (approximately) the critical tem¬ 
peratures of various gases :— 

Critical Tc mpeiature. 
Gas. — - - — 

Cent Fahr. 

Carbonic acid. 30-9 87-6 
Ether . 190 874 
Carbon bisulphide .... 272 521-6 
Alcohol. 1 284 458-2 
Chloroform. 260 500 
Oxygen . -112 -169 6 
Nitrogen ...... 

1— . 
-146 -230-8 
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COMBUSTION AND FUEL. 

Constituents of Fuel.—The combustible constituents of fuel 
are carbon and hydrogen, and in coal tlicre is generally also a 
small quantity of sulphur. The incombustible constituents are 
oxygen and nitrogen, and the various mineral substances which 
go to form the ash which is left after the fuel is burned. 

When a fuel contains oxygen this element is in combination 
with hydrogen in the form of water, and this water is either 
combined with other constituents of the fuel, or it is present as 
moisture, which may be expelled by drying. 

Fuels which contain any considerable quantity of water, either 
combined or free, are objectionable, because when they are 
burned in a furnace in the ordinary way a large amount of heat 
passes away with the waste gases as latent heat in the steam 
formed. 

Combustion in Oxygen.—1 lb. of hjdrogm (H) combines with 
8 lbs. of oxygen (0) to form 9 lbs. of water (H2O) or steam. 

1 lb. of carbon (C) combines with lbs. of oxygen (0) to form 
lbs. of carbonic oxide (CO). 

1 lb. of carbon (C) combines with 2| lbs. of oxygen (0) to form 
lbs. of carbonic acid (CO2). 

1 lb. svlphur (S) combines with 1 lb. of oxygen (0) to form 2 
lbs. of sulphurous acid (SO2). 

Composition of Air.—For all questions on combustion, atmos¬ 
pheric air may be taken as composed of 23 parts by weight of 
oxygen and 77 parts of nitrogen, 

100 
Weight of air containing 1 lb. of oxygen = *;y^' = 4’348 lbs. 

Hence, weight of air required for the combustion of any fuel 
equals 4’.348 times the weight of oxygen required. 

Air required for Combustion of Fuel.—1 lb. of hydrogen re¬ 
quires 8 lbs. of oxygen, or 34*78 lbs. of air, say, 35 lbs. 

1 lb. of carbon requires 2^ lbs. of oxygen, or 11*6 lbs. of air, 
say, 12 lbs., for the complete combustion of the carbon to car¬ 
bonic acid. 

1 lb. of sulphur requires 1 lb. of oxygen, or 4*35 lbs. of air. 
In estimating the amount of oxygen or air required for the 

combustion of fuel, the amount of oxygen already in the fuel 
must be taken into account. 

Let (7= weight of carbon in 1 lb. of fuel. 
ir= weight of hydrogen in lb. of fuel. 
0= weight of oxygen in 1 lb of fuel. 

weight of air required for combustion of 1 lb. of fuel. 
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Then neglecting the sulphur, which is usually small in amount 
or entirely absent, 

This is the minimum amount of air required. In actual practice 
it is seldom possible to ensure that all the oxygen in the air 
supplied shall combine with the constituents of the fuel, and a 
considerable excess of air is usually necessary. The excess of 
air varies from 50 to 100 per cent., so that the actual weight of 
air supplied to a furnace is generally from \\Wto 2W, 

For coal and coke IF may be taken as 12 lbs. 
12 lbs. of air at 62'' Fahr., and under a pressure of one atmos¬ 

phere, occupies about 158 cubic feet. 
The following table gives approximately, the minimum weight 

of air required for the combustion of 1 lb. weight of various 
fuels, and its volume at the normal temperature and under a 
pressure of one atmosphere (14'7 lbs. per square inch) :— 

Fuel. Weight of 
Air ill Lbs 

Vol. of Air 
at 62* F. in 
Cubic Feet. 

Straw, with 16 per cent, of water 4-4 57-8 
Wood, dry. 6T 80-2 
Peat, dry. 7*6 99-9 
Charcoal, from wood, dry . . . i 10-8 141*9 
Charcoal, from peat, dry 
Coal: Lignite, air dried 

9*7 127*5 
9-3 122 2 

Coal: Bituminous, average . 11 144*6 
Coal: Anthracite, average . 11-7 163*7 
Coke, average. 11 144*6 
Petroleum. 14 T> 190 6 

Total Heat of Combustion, or Calorific Value of a Fuel—The 
calorific value of a fuel is the number of units of heat produced 
by the combustion of 1 lb. weight of it. The unit of heat is the 
amount of heat required to raise 1 lb of water 1“ Fahr. 

The calorific value of a fuel is independent of the rate of 
combustion. 

The calorific values of Various fuels are given in the table 
on p. 660. 

The calorific value of a fuel may be determined experi¬ 
mentally by burning a sample of it, of known weight, in a 
specially constructed calorimeter in which the products of com¬ 
bustion are cooled by passing them through water. The weight 
of the water and its increase of temperature being known, the 
total amount of heat given out by the combustion of the sample 
is determined. 
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The caloric value of a compound of carbon and hydrogen, 
as determined by experiment, is generally a little less than the 
sum of the calorific values of its elements. In the case of 
olefiant gas there is practically no huch difference, but 
with marsh |^as {CH^) the calorific value, as determined by 
experiment, :s 23513, and, by calculation from the calorific 
values of its elements, the result is 20410, or a difference of 
2903 heat units. 

In calculating the calorific value of a fuel fiom its chemical 
composition it is usual to assume that it is equal to the sum of 
the calorific values of its elements. In estimating the heating 
value of the hydrogen, care must be taken to neglect as much of 
it as is in combination with the oxygen in the fuel. 

When the calorific value of hydrogen is determined by ex¬ 
periment, the steam formed gives up its latent heat to the water 
in the calorimeter; but when the hydrogen is burned in an 
ordinary furnace, the latent heat of the steam formed is not 
available, and must therefore be deducted from the total heat 
of combustion of the hydrogen. 1 lb. of hydrogen combines 
with 8 lbs. of oxygen to form 9 lbs. of steam whose latent heat 
= 96() X 9 = 8694. Deducting this from 62032, the total heat of 
combustion of hydrogen gives 53338 units of beat per lb. of 
hydrogen. 

Let (7= weight of carbon in 1 lb. of fuel. 
weight of hydrogen in 1 lb. of fuel. 

,S’—weight of sulphur in 1 lb. of fuel. 
0= weight of oxygen in 1 lb. of fuel. 
A = calorific value of 1 lb. of fuel. 

/i = 14544C-f5333ft 

= 14544{ (7+3*667 

+3996& 

g^ + -2r55}. 

Carbon Value of Fuel. —The carbon value of any fuel is the 
weight of carbon in lbs. having the same heating value as 1 lb. 
of the fuel. Carbon value equals calorific value of fuel divided 
by calorific value of carbon. 

Theoretical Evaporative Power of Fuel—The theoretical 
evaporative power of fuel is stated in lbs. of water evaporated 
from and at 212° Fahr., and is obtained by dividing the calorific 
value of the fuel by 971. 

Actual Evaporative Power of Coal in Steam Boilers.—From 
numerous experiments on steam boilers it appears that the 
actual evaporative power of coal varies from 50 per cent, to 
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85 per cent, of the theoretical evaporative power. An average 
of a considerable number of tests gave the actual evaporative 
power equal to 70 per cent, of the theoretical evapDiative power 
of the coal. 

Calorific Value, Carbon Value, and Evaporative Power of 
Various Fuels.- 

Combustible 

I Carbon, burned to carbonic acid 
Carbon, burned to carbonic oxide 
Carbonic oxide .... 
Marsh gas . ... 
Olefiant gas .... 
Hydrogen. 
Hydrogen, deducting latent'I 

heat in steam formed . / 
Sulphur . 
Straw, with 16 per cent, water . 
Wood, kiln dried 
Wood, air dried, with 20 per\ 

cent, water . . . J 
Peat, kiln dried .... 
Peat, air dried, with 20 perl 

cent, water . . . j 
Charcoal from wood, dry . . j 
Charcoal from peat, dry . . I 
Coal : Lignite, air dried . . j 

Coal: Bituminous 
( from 

to 

Coal; Anthracite . \ 

1 average 
f from 

to 
\ 

Coke . . . J 

[average 
r from 

\ 
Block fuel . 

. to 
average 

Petroleum . 
Natural gas (Pennsylvanian) 

Calorilio Evaporative 
Vliluo 111 Carbon 

V alue 

1 Power in 
Bntisb |Li)8. of Water 

Tliennal from and at 
riiits. 212'’ Falir. 

14544 1 -000 15-06 
4451 •306 4-61 
4H25 •297 4-48 

23513 1-617 24-34 
21344 1-168 22-10 
62032 4-265 64-22 

53338 3-667 55-22 

3096 •275 4-14 
5200 •358 5-38 
8000 •550 8-28 

5600 •385 5-80 

1(XK)0 •688 10-35 

6500 •447 6-73 

13000 •894 13-46 
11600 •798 12-01 
iimi •756 11-39 
13(X)0 •894 13-46 
15700 1 079 16-25 
14100 •969 14-60 
14000 •963 14-49 
16200 1-114 16-77 
15000 1-031 15-53 
12000 •825 12-42 
13700 •942 14-18 
150(K) 1-031 15-53 
20000 1-375 20-70 
26000 1-788 26-92 
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Mean Specific Heat of Products of Combustion.— 
Let wi, W3, etc., be the weights of the separate gases and 

the ash making up the products of the combustion of 
1 lb. of fuel, including surplus air. 

S3, etc., the specific heats of these gases and ash 
respectively. 

-?/) = -f Wo 4-W3 + etc., the total weight of the products 
of the combustion of 1 lb. of fuel, including surplus air. 

8, the mean specific heat of the products of combustion, 
spci -i- -f S3W3 4 etc. 

The following are the specific heats of gases (under constant 
pressure) found in the jiroducts of combustion of fuel: Air, 
*238 ; oxygen, *218 ; nitrogen, *214 ; carbonic oxide, '245 ; car¬ 
bonic acid, *217; steam, '475; sulphurous acid, -155. 

The specific heat of the ash is about ‘2. 

Calorific Intensity, or Temperature of Combustion.— 
A = total heat of combustion of 1 lb. of fuel. 
w = total weight of products of combustion of 1 lb. of fuel, 

including surplus air. 
s = mean specific heat of products of combustion. 
^ = ideal temperature (in degrees Fahr.) of products of com¬ 

bustion, and the surplus air mixed with them at the 
instant that the combustion is complete, measured from 
the initial temperature. 

_ h 
^ ~ 8W 

Examples of Calorific Intensity of Fuels. 

Fuel. Weight of Mean Speci- 
1 lb. weight of fuel with mini- Products of fle Heat of perature of 

Combustion. 
(0 

mum supply of air for complete Combustion Products of 
combustion, unless otherwise in Lbs. Combustion. 

stated. (w) (•0 
Hydrogen.... 35-8 •302 4933 
Carbon .... 12*6 •236 4891 
Marsh gas 18-4 •268 4768 
Olefiant gas 15-9 •257 5223 
Sulphur .... 5-35 •211 3540 
Wood, dry 7-1 •255 4419 
Coal, average . 12-0 •217 4892 
Coal, average, with 50 pcr\ 

cent, surplus air . f 
, 17-5 
1 

•244 3396 

Coal, average, with 100per\ 
23-0 •242 2605 

cent, surplus air . j 
Coke .... 12-0 •236 4590 
Petroleum 15-6 •256 5040 
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Varieties of Fuel. 

(Revised by J. W. Farmery, M.A., A.I.C., D.I.C.) 

Wood.—Thoroughly dried wood contains about 50 per cent, of 
carbon, 6 per cent, of hydrogen, 43 per cent, of oxygen, less than 
1 per cent, of nitrogen plus sulphur, and a trace of ash. On 
account of the large amount of oxygen present, less than 1 per 
cent, of hydrogen is available for combustion, and the heat of 
combustion of wood is almost entirely due to the carbon it 
contains. 

Ordinary air-dried firewood usually contains about 20 per 
cent, of moisture, so that its composition per cent, is: carbon, 
40; hydrogen, 4-8; oxygen, 34*4; less than 0-8 of nitrogen plus 
sulphur; a trace of ash; and water, 20. 

Newly felled wood contains from 20 to 60 per cent, of 
moisture. 

Peat, or turf, consists of the decomposed remains of vegetable 
matter, generally mosses and aquatic plants. As found, it 
usually contains over 90 per cent, of moisture, but after air- 
drying about 20 per cent. 

The mean composition of perfectly dry peat is approximately; 
carbon, 57; hydrogen, 6; oxygen, 32; nitrogen and sulphur, 
1*6; and ash, 3*5 per cent. 

The specific gravity of peat in its ordinary state varies from 
•3 to 1, and when compressed it varies from -9 to PS, 

Coal is the product of vegetable matter which has, during the 
course of ages, been decomposed and solidified under great 
pressure. 

The principal varieties of coal are as follows:—I. Lignite. 
II. Bituminous coals, including long-flame non-caking coals, 
caking coals, and cannel coals. III. Semi-bituminous (non¬ 
caking) coals. IV. Anthracitic coals and true anthracite. 

The gradual conversion of woody fibre into peat and the 
different kinds of coal is shown in the following table:— 

Carbon. Hydrogen. Oxygen. 

Wood . 100 12 88 
Peat . 100 10-6 56 
Lignite . 100 7-7 52 
Bituminous coal . 100 6 21 
Anthracite . 100 3 3-5 

Lignite or brown coal is intermediate in appearance and 
properties between peat and true coal. It bums with a very 
long smoky flame, and it is generally non-caking. After drying 
in the air lignite contains from 15 to 20 per cent, of moisture. 
If thoroughly dried in a stove and again exposed to the air it 
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reabsorbs the water which it lost in drying. The composition 
of lignite varies considerably. A sample of good quality when 
thoroughly dried contained 67 per cent, of carbon, 6-7 per cent, 
of hydrogen, 32 per cent, of oxygen, 1*6 per cent, of nitrogen 
plus sulphur, and 3-7 per cent, of ash. The specific gravity 
varies from 1*2 to 1-3. 

Cannel coal burns with a long flame, and gives off large quantities 
of smoke. It contains a relatively large amount of disposable 
hydrogen. Specific gravity 1*27 to 1*32. 

Caking bituminous coal softens and swells when heated, and 
the parts adhere together, forming a pasty mass. It burns with 
a fairly long flame, and requires careful stoking to avoid smoke. 
Specific gravity 1*26 to 1*36. 

Non-caking or dry bituminous coal burns with a shorter flame 
than that of the caking coal, and it gives off little or no smoke. 
Specific gravity 1*28 to 1*42. 

Anthracite burns without flame or smoke, and with an intense 
local heat, but it requires a strong draught for its combustion. 
It is hard and brittle, and many varieties decrepitate consider¬ 
ably when heated, especially when the heat is applied suddenly. 
Care has therefore to be taken that the fire is so managed that 
the small pieces do not fall through between the fire-bars and 
get lost. Specific gravity 1*35 to 1*7. 

Briquette fuel is usually made by mixing coal dust with pitch 
or some other binding material, the mixture being pressed and 
formed into hard blocks of rectangular shape. Good briquette 
fuel contains about 7 per cent, of ash, 8 per cent, of pitch, and 
3 per cent, of moisture. Its calorific value is about 14,600 
B.Th.U. per lb. One ton of briquette fuel occupies about 
37 cubic feet of space. 

For full information on the manufacture of briquette fuel see 
Minutes of Proceedings of thelnstitutionof Civil Engineers, vol. cxviii. 

Wood charcoal is made by heating wood out of contact with 
the atmosphere, or with only a limited supply of air, to a tempera¬ 
ture not lower than 550° Fahr. The higher the temperature, the 
blacker and harder is the charcoal produced. The yield of char¬ 
coal varies from 15 to 25 per cent, by weight of the wood from 
which it is produced, the yield being lower the higher the 
temperature. Dry charcoal contains from 80 to 95 per cent, of 
carbon, *5 to 3 per cent, of available hydrogen, and 1 to 5 per 
cent, of ash, the remainder being nitrogen and combined oxygen 
and hydrogen. Charcoal which has been exposed to the air 
usually contains from 6 to 12 per cent, of moisture. 

Peat charcoal is prepared from peat in the same manner that 
wood charcoal is made from wood. Good peat charcoal when 
perfectly dry contains from 80 to 90 per cent, of carbon, and 10 
to 16 per cent, of ash. It is usually extremely friable. 



564 OOKB 

Coke is the solid carbonaceous material left after coal has 
been heated out of contact with air. High temperature coke is 
made at 1200°-1300° C., and low temperature coke or semi-coke 
at 600°-750° C. 

The host coke for fuel is prepared from bituminous coals. It 
is hard, brittle, and porous, of a dark grey colour and slightly 
metallic lustre. 

The yield of coke from bituminous coals is from 50 to 80 per 
cent, of the weight of the coal. Anthracite yields from 80 to 95 
per cent, of powdery residue, of no commercial value. 

Good dry coke contains from 85 to 95 per cent, of carbon, *25 
to 2 per cent, of sulphur, and 4 to 12 per cent, of ash. Exposed 
to the air, it absorbs from 10 to 20 per cent, of moisture. 

Petroleum, or natural mineral oil, contains from 82 to 87 per 
cent, of carbon, 11 to 15 per cent, of hydrogen, and *1 to 5 per 
cent, of oxygen. 

The following table gives the specific gravity, composition, 
gross calorific value, and flash point of various oil fuels and, 
for the purpose of comparison, particulars for average English 
coal:— 

Fuel. 
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60
'" 

F
. 

Composition. 
Per Cent. 
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Flash Point. 
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. 
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Kerosene . 
Q-as oil . . 
Light fuel oil. 
Heavy fuel oil 
Good English | 
coal, mean of > 
98 samples } 

0-792 
0-870 
0-896 
0-950 

1-380 

86-4 
86-3 
86-1 
86-0 

80-0 

13-6 
12-7 
12-3 
11*8 

60 

0-1 
1-0 
1-6 
2-2 

8-0 + 1-26 

20,060 
19,760 
19,260 
18,900 

14,112 

100* F. (Abel) 
170* F. (P.-M.) 
176* P. (P.-M.) 
232° P. (P.-M.) 

Natural gas issues from strata at depths from 600 feet to 
2000 feet, and reaches the surface at a mean pressure of 160 to 
200 lbs. per square inch. When first reached the pressure is 
very high (1000 lbs. per square inch is not unusual). The density 
is from *45 to *75 (air = l); calorific value 760 to 1600 B.Th.U. 
per cubic foot. 

Natural gas is important as the source of naturcU petrol, and 
is used locally to provide heat and light. 
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STEAM. 

Saturated Steam.—Steam at a given temperature is said to 
be saturated when it is of maximum density for that tempera¬ 
ture. Steam in contaet with water i.s saturated steam. 

Wet or Supersaturated Steam.—Steam which lias water (in 
the form of small drops) suspended in it is called wet or super¬ 
saturated steam. If wet steam be heated until all the water 
suspended in it is evafiorated, it is said to be dried. 

Superheated Steam.—If dry saturated steam be heated when 
not in contact witli water, its temperature is rai.sed and its 
density is diminished or its pressure is raised. The steam is 
then said to be superheated. 

Dryness Fraction of Steam.—Let TL—weight of a given 
quantity of wet steam, = weight of water suspended in this 

ir- w 
steam, then dryness fraction = - • 

Under ordinary conditions and good stoking the dryness 
fraction is about 1)5 per cent. 

Steam Tables. 

The table of Properties of Saturated Steam (pp. 666-574) is 
given in the form in which it was arranged by D. A. Low some 
years ago, with Centigrade and Fahrenheit values on each page. 
With the exception of the figures in the column headed w the 
figures in the tables on pp. 666-582 are taken, by permission 
of Messrs. Edward Arnold & Co., from the Abridged Callendar 
Steam Tables, to which reference should be made for fuller 
information. 

On pp. 666-574 the columns to the left of the first thick line 
and the columns between the thick lines apply to degrees Centi¬ 
grade and C.H.U. Also, the columns to the right of the second 
thick line and the columns between the thick lines apply to 
degrees Fahrenheit and B.Th.U. 

Symbols.— 
t — saturation temperature. 
A=sensible heat oi 1 lb. of steam, or the total heat in 

1 lb. of water at temperature t, 
H=total heat of 1 lb. of steam. 
Zf=latent heat of 1 lb. of steam. 
t;=volume of 1 lb. of steam, in cubic feet. 

«;=weight of 1 cubic foot of steam = in pounds, 
pressure of steam in lbs. per sq. inch, absolute, 
entropy of 1 lb. of water, 
total entropy of 1 lb. of steam. 
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factor of evaporation 583 

Equivalent Evaporation from and at 212® Fahr.—For the 
purpose of comparison it is usual to state the weight ot steam 
produced in a boiler on the assumption that the feed water is 
supplied at a temperature of 212 Fahr., and that it is evaporated 
at that temperature. 

weight of steam produced at anv givc'ii temperature or 
pressure. 

total heat in 1 lb. weight of this steam above that in 
water at 

ti-ternperatuie ol feed water. 
/ii = heat in 1 lb. weight of feed water above that in water at 

32° [hi is nearly equal to /i - 32). 
= equivalent weight of steam at 212" temperature produced 

from feed water at 212°. 
970’6= latent heat of steam at 212° tempeiature. 

* 970-G 970-6 
nearly. 

The quantity approximate value 

called the Factor or Equivalent Evaporation, or simply the 
Factor of Evaporation. 

iTablss 
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Factors of Equivalent Evaporation. 

o ^ ® Boiler Pressure (Absolute) in Ptiiuuls per Square Inch. 

T
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ee
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40 50 00 j 70 80 j 90 KX) IJO 120 

35 1-201 ' 1-200 1 210 1-213 1-216 * 1-218 1-221 1-223 1-225 
40 rioo 1-201 1-201 1 208 1-210 1*213 1-215 1-218 1-220 
45 1-191 ! 1J95 l-i:>9 1-202 1-205 1-20S 1-210 1-212 1-214 
50 1-180 1-190 1-194 1-197 1-200 1*203 1-205 1-207 1-209 
55 1-181 j 1-185 1-189 1-192 1-195 1-198 11-200 1-202 1-204 

00 1-170 1-180 1-1-{1 1-187 1*190 1*192 1-195 1-197 1-199 
05 1-170 1-175 1-179 1-182 1-185 11*187 1-190 1*192 M94 
70 1-105 1-170 1-173 1-177 1-179 M82 M84 M87 1-189 
75 1-100 1-101 1-108 1171 1-174 1-177 M79 1-181 1-183 
80 rio5, 1 159 1-103 MOO 1-109 1-172 1-174 1*176 1-178 

85 1-150 1-151 i-158 l-IOl 1-104 l-lWi 1-109 1*171 1-173 
90 1-145 1-149 1-153 1-150 1-159 1*101 l-KU 1-106 1-168 
95 1-139 1-Ml 1-147 1-151 1-153 M56 M59 1-161 1-168 

100 1-134 1-13‘9 1-142 1-115 1-148 M5J M53 1*150 1-157 
105 1-129 1-133 1-137 1-140 1-113 1-140 J-IIS 1*150 1*152 

110 1-121 1-128 1-132 1-135 1-138 11*141 1-143 1-145 M47 
115 1-119 1-123 1-127 1-130 1-133 1-135 M38 1-140 1-142 
120 1-113 1-118 1-121 1-125 1*127 1*130 M33 1-135 1-137 
125 1-108 1-113 1-110 1-120 1-122 1*125 1-127 1*130 1-131 
130 1-103 j 1-107 1-111 M14 1-117 1-120 1-122 1-124 1*126 

135 1-098 1-102 1-100 1-109 1112 1-115 1-117 1-119 1*121 
140 1-093 1-097 1-101 1-104 1-107 1-109 1-112 M14 1-116 
145 1-087 1-092 1-095 1-099 1-101 1-104 1-106 1-109 1*111 
150 1-082 1-080 1-090, 1-093 rthm 1-099 1-101 1-103 M05 
155 1-077 1-081 1-085 j 1-088 ^ 1-091 1*094 1-096 1-098 1-100 

100 1-072 1-076 1-080 1*083 1-086 1-088 1-091 1-093 1-096 
165 ' 1-000 1-071 1-075 1-078 1-081 1-083 1 -086 1-088 1-090 
170 1-001 1-006 1-0611 1-072 1-075 1-078 1-080 1-083 1*084 
175 1-050 1-000 1-004 1-067 1*070 1-073 1-075 1-077 1*079 
180 1-051 1-055 1-059 1-062 1-065 1-008 1-070 1 1-072 1-074 

185 1-040 1-050 1-054, 1-057 1-060 1-062 1-065 1 1-067 1-069 
190 1-040 1-045 1-018 1*052 1-054 1*057 1-060,1-062 1-064 
195 1-035 1-040 1-043 1*046 1-049 1*0.52 1-054 1-057 1-069 
200 1-030 1-034,1*038 , 1*041 1-044 1 1*047 1-049 1-051 1-0531 
205 1 1-025 1*029 j ]-033| 1*036, 10391 1-042 1-044 1-046 1 1*048 j 

-J 
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Factors of Equivalent Evaporation. 

1 rt OJ 1 Boiler BreHsure (AbHoliite) in Pounds per Square Inch. 

1 i|E 
lllo 1 c 

1 

130 140 150 1 160 170 180 j 190 2(K) ' 210 
j 

35 1‘227 1-229 1*230 j 1-232 1 -233 1 -235 1 ] -236 1-238 ^1-289 
40 ! 1 ‘222 1-223 ' 1-225 1-227 11-228 1-230 '1-231 1 -233 1-234 
45 |]-216r218,1-220 11-222 ' 1 -223 1*225 1-226 1-227 1-229 
50 '1-211 1-213 1-215 11-216 1 1-218 , 1-219 1 221 1-222 ]-223 
55 1 -206 1 208 1-210 1-211 1-213 1-211 1-216 ! 1-217 1-218 

60 1-201 1-2031 1-204 '1-206 ' 1-208 1-209 1-210 '1-212 1-213 
()5 1-196 1-197 11-199 j 1-201 11-202 1-204 1-205 '1-2(17 1-208 
70 1-191 1-192 ' 1-194 1 1-196 1-197 1-199 1-200 11-201 1-203 
75 1-185 1-187 1-1S9 ; 1*191 ' 1-192 1-191 • 1*195 1-196 1-198 
80 1-180 1-182 1-184 1-185 1-187 1-188 11-190 1-191 1-J92 

85 1-175 1-177 1-179 1-190 1-182 1-183 1-185 1*186 1-187 
d() 1-170 1-172 1-173 1-175 1-177 1-178 ' M79 1-181 M82 
95 1-165 1-166 , 1-168 M70 1-171 11-17:! 1-174 1-176 1-177 

100 1-159 1-161 , 1163 1-165 1-166 1-168 1-169 1-179 1-172 
105 1-154 1-15(; 1-158 1-159 1*162 1-164 1-165 1-166 

no 1-149 1-151 1-153 1-154 ' 1-156 1-157 1-159 1-160 ' 1-161 
115 1-144 1-14611-147 1-149 1-151 1*152 1-153 1-155 1-156 
120 1-139 1-140 1-142 1-144 1-145 1-147 1-148 1-150 1-151 
125 1-133 1-135 1-137 1-139 1-140 1-142 M43 1-141 1-146 
130 1-128 1-130 1-132 1-133 1-135 1-136 1-138 1-139 1-141 1 

135 1-123 1-125 1-127 1-128 1*130 1-131 1-133 1-134 1*135 
140 1-118 1-120 1-121 1-123 1-125 1-126 1-127 1-129 1-130 
145 1-113 1-114 1-116 1-118 1-119 1-121 1-122 1-124 1-125 
150 [1-107 1-109 1-111 1-113 1-114 1-116 1-117 1-118 1-120 
155 1-102 1-104 1-106 1-107 1109 1-110 1 112 1-113 1-114 

160 1-097 1-099 1*100 1-102 l-ioi 1-105 1-106 1-108 1-109 
165 1-092 1-093 1-095 1-097 1-098 1-100 1101 1-103 1-104 
170 1-086 1-088 1-090 1-092 1-093 1-095 1-096 1-097 1-099 
175 1-081 1*083 1*085 1-086 1-088 1-089 1-091 1-092 1-093 
180 1-076 1-078 1-080 1-081 1-083 1-084 1-086 1-087 1-088 

185 1-071 1-073 1-074 1-076 1-078 1-079 1-080 1-082 1*083 
190 1-066 1-067 1-069 1-071 1-072 1-074 1-075 1*077 1-078 
195 1-060 1*062 1-064 1*066 1-067 1-069 1-070 1-071,1-073 
200 1-055 1-057 1-059 1-060 1-062 1-063 1-065 1-066 1-067 
206 1*050 1-062 1-064 1-056 1-067 1-068 1-060 1-061 1-062 
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STEAM BOILERS. 

Oochran-Kirke Sinuflo Gas-fired Vertical Boiler.— 

Gas is burnt in a number of jets (A) fitted to a tubular frame (B) 
arranged on a swivel ((7), so that the frame can be withdrawn 
from under the boiler when the jets are lighted or cleaned. The 
gas jets are for a gas pressure of 2i inches water gauge, and a 
gas pressure regulator (i)) maintains this pressure. 

The hot gases passing up the Sinufio tubes impinge upon the 
sides, and heat is thus conducted to the water surrounding the 
tubes more efficiently than would be possible with straight tubes. 
The gas supply to the jets is automatically controlled, it enters 
at the main gas cock (E) and then passes through the main gas 
control valve (F), which is opened or shut by a pilot valve {0) 
as the pressure in the boiler rises or falls. In the case of hot- 
water boilers the pilot valve is actuated by a rise or fall in 
temperature. 

The automatic flue damper (H) prevents cold air passing 
through the boiler when the gas supply is shut off. It opens 
automatically when the gas is on. Should the level of the water 
fall below the bottom gauge cock, the low water-level gas cut¬ 
off (J) reduces the gas supply to a minimum until the water- 
level is restored, when the gas automatically comes on again. 
The flame failure thermostat (iT) is a safety device which outs 
off the gas to the burners if the main supply fails temporarily. 
It closes the main gas control valve (JT), and ensures its remain¬ 
ing closed until the operator relights the jets. 
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Standard Sizes. 

Pressures 60 to 120 lbs* per sq. inch. 

Evaporation. Lbs. of 
Steam per Hour. 

Gas Consumption 
per Hour. 

Diam. Height. 

From and 
at 212° F. 

120 ibs./sq.in. 
from 

Feed-water 
at 60° F. 

Therms. Cubic Ft.* 

Ft. 
1 

In. 
6 

Ft. 
6 

In. 
3 140 120 1-89 378 

1 9 6 6 230 190 310 620 
2 0 6 6 285 240 3*84 770 
2 3 6 9 380 315 512 1024 
2 6 6 9 500 420 6-75 1350 

2 9 6 9 620 615 8-35 1670 
3 0 7 0 760 635 10-25 2050 
4 0 7 6 1000 830 13-50 2700 
4 6 7 6 1330 1110 17-90 3580 
6 0 7 9 1665 1390 22-40 4480 

6 6 8 0 2130 1770 28-80 6760 
6 0 8 3 2700 2250 36-40 7280 
6 6 8 9 3140 2610 42-40 8480 
7 0 8 9 3750 3120 50-50 10100 
7 6 9 0 4300 3580 57-80 11560 

8 0 9 3 4800 4000 64-50 12900 
8 6 9 6 5600 4670 75-50 15100 
9 0 9 6 6450 6370 86-90 17400 

Ajaaumiug a caloriflo value of 500 B.Th.U. per oubio foot. 
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The Sharpe-Palmer Vertical Boiler, 

{Abbott <L' Co.^ Newark-on Trent.) 

® S ^ 
o *3 o fc. 

^8 M 
rh ^ « 

* I 

Ft In.' Ft. In. 
5 0 2 6 
5 6 12 9 
6 0 3 0 
7 0 3 3 
6 0 3 f) 
8 6 3 9 
9 0 4 0 

10 01 4 6 
10 0 ] 6 0 
11 6 6 6 
12 0 6 0 
13 6 6 6 

Ft. In. 
3 0 22 
3 9 28 
4 0 34 
4 6 38 
5 3 28 
5 9 30 
6 0 34 
6 3 42 
6 6 44 
7 0 56 
7 4 74 
8 0 108 

In. In. 

li A 
li i 

2 « 
24 A 
24 A 
24 A 
24 A 
24 A 

In. i In Sq Ft. 

A I A 45 

a A 120 
a A ' K34 
A J 200 
A 4 250 
4 4 330 
4 A 440 
4 A 560 

'Sq. Ft Cwta 
3-0 10 
3*7 14 
4*6 18 
5*6 24 
6*7 29 
7*9 33 
9*0 37 

12-0 64 
14*7 65 
18-3 80 
22*3 92 
26-0 123 
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Computation of Heating Surface of Boiler Tubes.—A formula 
is given on p. 194, and tables are given on pp. 195-199, for 
determining the surface of tubes. There is a difference in 
practice in estimating the heating surface of boiler tubes. The 
most common practice is to take the external surface of the 
tube as the heating surface, the length of the tube being 
measured between the tube-plates. Some engineers, however, 
prefer to take the internal surface when the furnace gases pass 
through the tubes. In boiler tubes the external surface is from 
10 to 20 per cent, greater than the internal surface, according 
to the diameter and thickness of the tubes. 

Let A = external surface of tube. D=external diameter of tube. 
a — internal surface of tube, d=internal diameter of tube. 

Then A , and a = -—. 
d D 

Lancashire and Cornish Boilers.—The Lancashire boiler has 
two internal cylindrical flues extending the whole length of the 
boiler, the furnaces being in these flues at their front ends. 

The Cornish boiler has one internal flue extending the whole 
length of the boiler, the furnace being in this flue at its front end. 

The majority of boilers of these types built to-day are of the 
Lancashire variety. 

Lancashire boilers may be subdivided as follows:— 

(1) Flat end with gusset stays. 
(2) Double dished end of the Continental variety. 
(3) Unidish boiler (made by Daniel Adamson & Co., Ltd.), which 

has a dished end at the front and a flat stayed end at the back. 

These boilers are set in brickwork, and care must be taken to 
onsure that air leakages do not occur between the metal shells 
and the bricks. Various expansion joints are on the market, 
and one of those manufactured by Daniel Adamson & Co., Ltd., 
consists of a partial ring of asbestos which presses against 
boiler shell, but is free to move radially in a groove in a metal 
casing attached to the brickwork. 
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Approximate Evaporation for Lancashire Boilers. 
(Hand Fired.) 

{Made by Daniel Adamson dj Go. Ltd., Dulcinfield.) 

No. 

size. Size of 
Flaea. Grate 

Area 

Evaporation. 
Lbs. per Hour. 

Approximate 
Heating 
Surface. 

Length. 
Ft. 

Diarn. 
Ft. In. No. Diara. 

Ft. In. 

m 
Sq. Ft. 

Feed 
at 

60° F. 

From 
and at 
212 F. 

Sq. Ft. Sq. M. 

1 18 6 0 2 2 4 22-5 2580 3100 460 430 
2 20 6 0 2 2 4 22-5 2860 3430 510 47-5 
3 22 6 0 2 2 4 22-5 3250 3900 580 640 
4 24 6 0 2 2 4 22-5 3530 4230 630 58-5 
5 18 6 6 2 2 7 250 2880 3460 505 470 
6 20 6 6 2 2 7 250 3190 3830 560 620 
7 22 6 6 2 2 7 250 3r>30 4230 620 57-5 
8 24 6 6 2 2 7 27-5 3850 4620 675 62*5 
9 26 6 6 2 2 7 27 5 4190 5050 735 68*6 

10 24 7 0 2 2 9 29*5 4290 5150 740 690 
11 26 7 0 2 2 9 320 4640 5570 800 74*5 
12 28 7 0 2 2 9 320 4980 5980 860 80*0 
13 30 7 0 2 2 9 320 5370 6450 925 86*0 
14 24 7 6 2 3 0 32-5 4800 6750 800 74*6 
15 26 7 6 2 3 0 35-5 5220 6280 870 81*0 
16 28 7 6 2 3 0 35-5 5640 6760 940 87-5 
17 30 7 6 2 3 0 35-5 6000 7200 1000 93*0 
18 24 8 0 2 3 3 380 5420 6500 860 80*0 
19 26 8 0 2 3 3 380 5900 7090 935 870 
20 28 8 0 2 3 3 380 6360 7610 1010 940 
21 30 8 0 2 3 3 380 6850 8220 1085 1010 
22 24 8 6 2 3 6 410 6070 7300 920 85*6 
23 26 8 6 2 3 6 410 6600 7900 1000 93*0 
24 28 8 6 2 3 6 410 7130 8580 1080 100-6 
25 30 8 6 2 3 6 410 7650 9200 1160 108*0 
26 24 9 0 2 3 9 440 6760 8100 980 91-0 
27 26 9 0 2 3 9 440 7400 8900 1070 99*5 
28 28 1 9 0 2 3 9 440 7950 9530 1150 107-0 
29 1 30 1 9 0 2 3 9 ! 44 0 8500 10200 1230 114-5 
30 24 9 6 2 4 0 470 7630 9200 1060 98-5 

31 1 26 9 6 2 4 0 470 8200 9810 1140 106-0 
32 28 9 6 2 4 0 470 8800 10600 1220 113-6 
33 i 30 1 9 6 2 4 0 470 9450 11350 1310 122-0 
36 26 10 0 2 4 0 600 9150 11000 1220 113-6 
37 30 110 0 2 1 4 0 600 10400 12500 11385 i 129*0 

Note.—The figures in the above table are based on coal having 
a oalorifio value of 13,500 B.Tb.U. per lb. 
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Approximate Evaporation for Cornish Boilers* 
(Hand Fired.) 

(Mode by Daniel Adamson dh Co. Ltd,y Dukinfield,) 

Size. 
Size of 
Flue. Grate 

Area 

Evaporation. 
Lbs. per Hour. 

Approximate 
Heating 
Surface 

No. 
Length. 

Ft. 
Diara. 

Ft. In. 
Diam. 

Ft. In. 

in 
8q. Ft. Feed 

at 
60® F. 

From 
and at 
212® F. 

8q. Ft. Sq. M. 

1 18 6 0 3 3 160 2150 2580 390 360 
2 20 6 0 3 3 160 2370 2840 430 400 
3 22 6 0 3 3 160 2680 3220 470 43*5 
4 24 6 0 3 3 17*5 2830 3400 615 480 
6 18 6 6 3 6 1 170 2400 2880 420 390 
6 20 6 6 3 6 170 2650 3180 465 43*0 
7 22 6 6 3 6 190 2910 3500 510 47*5 
8 24 6 6 3 6 190 3160 3790 655 1 51*6 

Note.—The figures in the above table are based on coal having 
a calorific value of 13,500 B.Th.U. per lb. 

Brickwork Setting for Lancashire Boilers.*—(See illustrations 
on opposite page,) 

Width E of side flues at top = 12 inches. 
Width F of bottom flue = half diameter of shell of boiler. 
Depth 0 of bottom flue from bottom of shell not less than 

2 feet 6 inches, and is usually made 3 feet. 
The dimensions of the seating blocks and side flue covers are 

shown in the illustrations. The seating block at (1) is for boilers 
less than 8 feet diameter, and that at (2) is for boilers of 8 feet 
diameter and over. 

Seating blocks, flue covers, and all brickwork in contact with 
boiler to be set in lime mortar, but no mortar should come in 
contact with the boiler plates, fireclay being used at these points. 

All flues should be faced with firebricks forming a lining 
4i inches thick, suitably bonded into the walls. 

The short partition wall (a) at the back end is frequently 
omitted, but this is bad practice, and may lead to severe “hum- 
mi^” and vibration of the boiler. 

The boiler shell should slope downwards towards the front 
end at the rate of about J inch in 10 feet, and the floors of the 
flues should also have this slope. 

Width H of downtake at back end = 2 feet 6 inches. 
Width K of gap at front end=3 feet 6 inches. 
Width N of Blow-out pit=3 feet 6 inches to 4 feet. 
* Beviged from Information supplied by the National Boiler it Qenetal 

Zosoranoe Ck)., Ltd., Manohseter. 
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Floor of blow-out pit 6 inches to 9 inches below floor of bottom 
flue. 

In the plan view, the groove round the top of the brickwork 
of the blow-out recess wall is for asbestos rope. 
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Cochran Sinnflo Economic Boiler.—This boiler is of the 
horizontal miiltitubular’ dry-back typo with induced draught 
provided by a fan which is usually mounted with its prime mover 
on a platform fixed to the top of the boiler shell. No external 
brick setting is required and the boiler shell is made in two strakes 
or belts, with the mid-circumferential seam treble-riveted. The 
primary beating surface consists of one or more horizontal 
furnaces, above which is arranged a single pass of patent hori¬ 
zontal Sinnflo tubes. These tubes, which are similar to those 
illustrated in the vertical boiler on p. 686, ensure that much of 
the remaining heat in the gases is transmitted to the surrounding 
water. 

There is a large brick-lined combustion chamber into which 
brick arches project from the ends of the furnaces; thus the hot 
gases are compelled to travel round the combustion chamber 
before entering the Sinuflo tubes, and smokeless combustion is 
ensured. 

The rated outputs listed below are obtained with suitable coal 
when the boilers are fitted with mechanical stokers of the Coking, 
Sprinkler, or Underfeed type, usually driven by electric motor or, 
in the case of a battery of boilers, from overhead shafting. 

Satisfactory results may also be obtained with oil fuel, coke- 
oven gas, or other fuels. 

Boiler Overall No. of Liam. 

Maximum 
Working 
Pressure. 
Lbs. per 
Sq. In. 

Evaporation. 
Lbs. per Hour. 

Biam. Length. I'lues. of Flues. 
Prom Feed 
at 60® F. 

From and 
at 212® P. 

Ft. 
6 

In. 
6 

Ft. 
18 

In. 
7 1 

Ft. 
2 

In. 
9 250 4800 6800 

7 0 21 7 1 3 0 260 6700 6800 
7 6 21 7 1 3 6 260 6700 8000 
8 0 21 7 1 4 0 225 7600 9100 
9 0 22 7 1 4 6 200 8600 10200 

9 0 22 7 2 2 9 260 10400 12600 
9 6 22 7 2 3 0 260 11300 13600 

10 6 22 7 2 3 6 260 13300 16000 
11 6 22 7 2 4 0 225 16200 18200 
11 22 7 3 3 0 250 17100 20600 

12 6 22 7 3 3 6 i 260 20000 24000 
13 0 22 7 4 3 0 260 22900 27600 
13 6 22 7 4 3 3 1 260 26000 30000 
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Daniel Adamson's Patent Super Lancashire Boiler—This 
plant consists of a cylindrical boiler having furnace tubes similar 
to a Lancashire boiler but with smoke tubes arranged beneath 
them. A superheater of the Adam¬ 
son sectional type is fitted in the 
downtake, if required. There are 
no external flues, and the gases 
from the smoke tubes pass through 
two air heaters, one at each side, 
which heat the air supply to the 
furnaces. Finally, the gases are 
delivered to a short steel or brick 
chimney by means of an induced 
draught fan. The boiler is also 
provided with forced draught. 

The fuel (coal, oil, coke, timber, 
etc.) is fed into the furnaces by 
hand, mechanical stoker, jet or 
pulveriser, etc. The downtake 

Longitudinal Seotional Eleration through Boiler and Superheater. 

chamber is constructed of steel and is lined with insulating 
bricks. No other bricks are required, for the boiler is arranged 
on cast-iron chairs on a concrete base without brickwork setting, 
thus avoiding possible losses due to defective brickwork. The 
connection l^tween the boiler and the downtake chamber is 
made with a patent flexible air-excluding device. 

The makers claim, amongst other things, economy of space, 
quick steaming, high overall efficiency, balanced draught (no 
cold air entermg furnace whether hand or stoker fired), and 
practically the entire elimination of smoke. 

The boiler is usually made 20 feet long, and there are eight 
sizes in the diameter, from 8 feet to 12 feet. The worb^g 
pressures range up to 260 lbs. per sq. inch. 

Heater. Section through 
Front Gas and 

Air Boxes. 
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Boiler Trial. 

An Abstract of the Beport of a Test made by the Kational 
Boiler & General Insurance Oo., Ltd., of the Adamson 
Patent Super Lancashire Boiler Unit. 

Boiler. 
General Description of Unit. 

Type and size—Super Lancashire, 8 ft. 
Permissible working pressure . 
Total grate area .... 
Heating surface .... 

Superheater. 
Heating surface (effective) . • 

Air Heaters (2). 

Heating surface (effective) 

Draught Plant—Mechanical draught. 

Fans. 

6 in. diam., 20 ft. long. 
. lbs. per sq. in. 260 
. . sq. ft. 38 

„ 1427 

285 

1060 

Induced draught fan direct-coupled to small high¬ 
speed engine.r.p.m. 390 

Forced draught fan direct-coupled to 5 B.H.P. 
electric motor „ 766 

Mean Observations and Derived Data. 

Duration of test ...... hours 12117 
Temperature of outside air ... . °F. 68‘6 
Temperature of air at inlet to forced draught fan °F. 65*9 

Furnace. 

Description of fuel , 
Method of stoking . 
Rate of firing 
Ultimate analysis of fuel as fired— 

Moistme .... 
Ash. 
Carbon .... 
Hydrogen .... 
Nitrogen .... 
Sulphur .... 
Oxygen, etc. (by difference) . 

“Manton Cobbles.** 
Hand. 

. lbs. per hour 1078*6 

. . per cent. 7*40 
6*12 

71*35 
4*53 
1-29 
0*63 . . „ 8*68 

100*00 

Calorific value of fuel aa fired . Gross. B.Th.U. per lb. 12836 
9$ 9$ 9» • Net. 123^ 
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Method and time of clearing and clean- Clinker broken up 
ing grates. and removed by 

hand at intervals 
of 6 hours. 

Residue (ashes and clinker) formed . lbs. per hour 42-1 
Combustible matter in residue . . . percent. 12*82 
Calorific value (gross) of residue . B.Th.U. per lb. 1859 

Boiler and Superheater. 
Feed-water—Rate of feed . . . lbs. per hour 8773 
Mean temperature of feed-water at boiler . . °F. 113*1 

Steam. 

Pressure in saturated steam space . lbs. per sq. in. 138*3 
Moisture in steam entering superheater . per cent. 1*05 
Temperature of saturation .... °F. 360*0 
Steam superheated . . . lbs. per hour 8078 
Pressure at superheater outlet . . lbs. per sq. in. 137*8 
Temperature of superheated steam . . . ®F. 680*4 

Air Heaters. 

Temperature of air at entry .... °F. 65*9 
„ „ „ exit . . . . °F. 255*8 

Draught Plant. 

Temperature of air supply at inlet to forced 
draught fan ...... °F. 65*9 

Pressure at air heater— 
Flue gas inlet . . . inches suction (W.G.) 1*03 

„ „ outlet ... „ „ »» 2*27 
Air inlet . . . inches pressure (W.G.) 1*14 
„ outlet ... „ ,, ,, 0*67 

Mean power to operate induced draught fan . B.H.P. 4*48 
„ „ „ forced „ „ . K.W. 2*11 

Total power to operate induced and forced draught 
fans.K.W. 5*83 

Flue Gases. 

Average temperature in downtake . . . ®F. 1234 
„ „ at inlet to air heaters . ®F. 590*2 
,, ,, at outlet from air heaters . °F. 407*3 

Analysis of dry flue gases at air heater outlet— 
Carbon dioxide (by volume) . . . per cent. 12*9 
Oxygen ... 6*2 
Carbon monoxide.. 0*0 
Nitrogen, etc. (by difference) . . • m 80*9 

100*0 
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Conclusions. 

Fuel fired per sq. ft. of grate . . lbs. per hour 
Air used per lb. of fuel ..... lbs. 
Air theoretically required per lb. of fuel as fired . ,, 
Ratio of air used to air theoretically required 
Weight of products of combustion per lb. of fuel 

as fired ....... lbs. 
Weight of gases per lb. of fuel as fired . . ,, 
Water evaporated per lb. of fuel as fired . . „ 
Equivalent evaporation from and at 212° F. per lb. 

of fuel as fired 
Heat absorbed by water in boiler . B.Th.U. per lb. 
Heat absorbed by steam in superheater „ „ 
Heat absorbed by forced and induced draught 

fans ..... B.Th.U. per hour 
Heat absorbed by forced and induced draught 

fans .... per cent, of total value 
Heat transmitted per sq. ft. of boiler heating 

surface .... B.Th.U. per hour 
Heat transmitted per sq. ft. of superheater 

heating surface . . . B.Th.U. per hour 

Air Heaters. 

Calculated weight of air heated per Ib. of fuel 
as fired ....... lbs. 

Heat transmitted per sq. ft. of heating surface 
of air heaters . . . B.Th.U. per hour 

Percentage of total heat imparted to air in air 
heaters ...... per cent. 

28*38 
13*26 

9*65 
1*37 

10*59 
14*20 
8*13 

10-68 
1119 

170*2 

109500 

0-82 

6879 

4824 

13*26 

623 

4*96 

Draught Plant. 

Total power to produce draught 

Heat Account. 

(Per lb. of Fuel as Fired.) 

Heat leaving boiler plant in steam . 
Heat lost in products of combustion , 
Heat lost in excess air . 
Heat lost in combustible matter in ashes . 
Balance of account—Radiation and other 

unmeasured losses .... 

Total net heat value of 1 lb. of coal as fired 

K.W. 5-83 

B.Th.U. Per 
cent. 

10371 8413 
909 7*37 
302 2-43 
101 0*82 

647 6*25 

12330 100-00 
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Thermal Efficiency. 

Gross overall thermal efficiency . . . .84*13 
Heat absorbed by induced and forced draught plant 0*82 

Net overall thermal efficiency . , . . .83*31 

Daniel Adamson’s “Unidish” Boiler—This boiler is of the 
Lancashire type, with a dished end at the front and a flat end 
at the back, as shown in the figure. The makers claim the ad¬ 
vantages of both the dished end and flat-end types. The flat 
back end gives “breathing space” to take up the difference in 

expansion of the flues and the shell of the boiler, and makes it 
more convenient to install a superheater than is the case with a 
dished back end. The dished front end overcomes any possibility 
of leakage at gusset angle rivets, as there are none. There are, 
of course, gusset stays at the back end, but there the temperature 
conditions are less severe than at the front end. 

The boiler is made in various sizes and for working pressures 
up to 260 lbs. per sq. inch. 

The Dry-back or Economic Boiler.—This boiler is of the shell 
type with one or more internal flues, and, in addition, smoke 
tubes are provided above the main flue or flues, and it may be 
either bricK-set or self-contained. It is used for hotels, institu¬ 
tions, or small works, or other buildings whero space is limited. 
The heating surface is large, and the steam is generated quickly 
and with reasonable efficiency. Working pressures from 60 to 2^ 
lbs. per sq. inch are obtainable. Sizes and evaporation rates 
are given in the tables (p. 600). 

Ordinary Marine Boilers. 

rnmaces.—Boilers up to 9 feet in diameter may have one 
fomaoe in an end. Boilers from B feet to 13 feet in diameter 
may have two furnaces in an end. Boilers from 11 feet 6 inches 
to 16 feet 6 inches in diameter may have three furnaces in an 
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Approximate Evaporation for Dry-Back or Economic 
Boilers. 

(Brick-set or Self-contained. Hand Fired.) 

{Made by Daniel Adamson <Ss Co. Ltd., DuJcinfield.) 

Size. 
Size of 

Grate 
Area 

in 
Sq. Ft. 

Evaporation. 
Flues. Lbs. per Hour. Approximate 

No. 

Lensrth. 
1 
1 Diam. No. Diam. 

Feed 
at 

From 
and at 

Heating 
Surface. 

60° F. 2I2°P. 

Ft. III. Ft. IQ. Ft. In. Sq. Ft. Sq. M. 
1 9 6 6 0 1 2 10 13-75 2100 2620 420 39-0 
2 11 0 6 3 1 2 11 14-7 2125 2910 485 45-() 

12 6 6 6 1 3 0 16-0 2950 3510 690 55-0 
4 12 6 7 0 2 2 4 22-5 3450 4140 690 64-0 
5 12 6 7 6 2 2 6 26-5 3975 4770 796 74-0 

fi 11 0 7 6 2 2 6 29-0 4476 6370 895 83-0 
7 14 0 8 0 2 2 9 32-0 5875 7050 1175 109-0 
8 11 0 8 6 2 2 10 34-0 6700 : 8040 1340 124-5 
9 15 6 8 9 2 3 0 35-0 7650 9180 1530 142-0 

10 15 6 9 0 2 3 1 36-0 8370 10044 1674 166-6 

11 15 6 9 6 2 3 3 38-0 9130 10966 1826 169-6 
12 15 6 9 9 2 3 6 40-0 10250 12300 2050 190-6 
13 16 0 10 0 2 3 7 42-0 11085 13302 2217 ! 206-0 
14 10 0 10 6 2 3 9 44-0 12555 16066 2511 233-0 
15 16 0 11 0 2 4 0 47-0 13440 1G128 2688 250-0 

Approximate Evaporation for Dry-Back or Economic 
Boilers. 

(Double Return. Hand Fired.) 

{Made by Daniel Adamson <fs Co. Lid., Dukinfield.) 

No. 

Size. Size of 
Flues. Grate 

Area 
in 

Sq. Ft. 

Evaporation. 
Lbs. per Hour. Approximate 

Heating 
Surface. Length. Diam. No. Diam. 

Feed 
at 

60° P. 

From 
and at 
212° P. 

Ft. In. Ft. Tu. Ft. In. Sq. Ft. Sq. M. 
1 7 6 6 0 1 2 6 9-76 1800 2160 360 88-5 
2 8 0 6 6 1 2 9 10-76 2106 2626 421 39-0 
3 8 3 7 0 1 3 0 11-76 2680 3096 616 48-0 
4 8 6 7 6 1 3 2 14-0 3070 3684 614 57-0 
6 9 0 7 9 2 2 4 20-0 3696 4434 739 68-6 

6 9 3 8 0 2 2 6 22-0 4330 6196 866 80-6 
7 9 6 8 6 2 2 8 23-6 4780 5736 966 89-0 
B 9 6 9 0 2 2 10 27-6 6110 7332 1222 1136 
9 9 6 9 6 2 3 0 32*0 6705 8046 1341 124-6 

10 9 6 9 9 2 3 2 34-6 7160 8580 1430 133-0 

11 10 0 10 0 2 3 3 38-0 8880 10656 1776 166-0 
12 10 6 11 0 2 3 6 40-0 10730 12876 2146 199-6 
13 10 6 12 0 2 3 9 44-0 13346 16014 2669 248-0 

Note.—The litres in the abore tables are baaed on coal haying a oalortfio 
ralue of 13.600B.Th.XJ. per lb. 
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end; and boilers above 14 feet 6 inches in diameter may have 
four furnaces in an end. 

D = diameter of shell in inches. 
d = diameter of furnace in inches. 
d = J/), when there is one furnace in an end. 
d =^Z> + 5 inches, when there are two furnaces in an end. 
d = - 1 inch, when there are three furnaces in an end. 

The above rules need not be strictly adhered to, although 
they represent average practice. 

Combustion Chambers.—The height of the crown of the com¬ 
bustion chamber above the centre of the boiler is usually about 
one-sixth of the diameter of the shell. The length 0 of the 
combustion chamber should not exceed ; it is generally about 
fdf but in boilers having not more than two furnaces in an end 
it is sometimes as small as id. 

Water Spaces.—£=4i inches to 6 inches. F=6 inches to 7 
inches. 

K =6 inches to 7 inches. K' must be at least equal to F, and 
is sometimes as much as 12 inches. These are all inside dimen¬ 
sions between the plates. 
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Tubes.—The tubes are generally of wrought-iron or steel, and 
they are usually from 2^ inches to 3i inches in external diameter. 
They are arranged in horizontal and vertical rows. The pitch, 
measured from centre to centre, is about If times the external 
diameter of the tubes. The clear space 11 between the nests 
of tubes varies from lOJ inches to 12J inches, the average being 
about 11 inches. 

The common tubes are swelled at their front ends inch 
larger in diameter, and they are secured to the tube plates by 
expanding them at their ends with a tube expander. 

The stay tubes are screwed into both tube plates. The 
diameter over the screw thread at the front end is f inch larger 
than the diameter over the thread of the back end. The screws 
have 10 or 11 threads per inch. 

The length of the tubes between the tube plates varies from 
6 feet 9 inches to 7 feet 6 inches, the average being about 6 feet 
9 inches. For steam pressures up to about 285 lbs. per square 
inch the thickness of the common tubes may be No. 8 S.W.G. 
{•16 inch). The thickness of the stay tubes varies from j'V 
to f inch at the bottom of the screw thread. About one-third 
of all the tubes are stay tubes. 

The Howden-Johnson Air-jacketed Improved 
Scotch Boiler. 

The designers claim that while this boiler possesses ample 
water reserve, it is 30 per cent, lighter and appreciably smaller 
than the standard Scotch boiler of the same heating surface. It 
is suited for the burning of powdered coal or oil, and also for coal 
burning by hand firing or mechanical stokers. The maximum 
working pressure is 3(W lbs. per sq. inch, and the superheater 
gives temperatures up to 800° F, 

The boiler consists of a cylindrical shell in which furnaces and 
return tubes are fitted. There is a dry-back combustion chamber 
in which is arranged a series of tubes forming a water wall, 
and these tubes maintain a rapid circulation in the boiler. The 
furnaces have bellows ends at the back to give flexibility and are 
welded to the back plate, and both the front and back plates, 
where not made in one piece, have welded butt joints instead 
of riveted lap joints. 

The combustion chamber is common to all the furnaces, and 
the nests of tubes are arranged so that there is one more than 
the number of furnaces. The vertical lanes between the tube 
nests are above the furnace crowns, thus permitting easy libera¬ 
tion of the steam bubbles formed on the furnace crowns. The 
whole boiler and combustion chamber are enclosed in a lagged 
casing in which the air for combustion circulates from the air 
heater to the furnace. 
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There is a combustion chamber type of superheater, and the 
superheat is controlled by regulating the gas flow with dampers 
in the combustion chamber baffle. Steam flows through the 

Longitudinal Sectional Eleration showing general construction. The water* 
tubes, superheater, desuperheater, and superheat damper control are shown, 
also t^e air-jacket and brick-lined combustion chamber. 

superheater under all circumstances, and steam required for 
auxiliaries is subsequently passed through a desuperheater. 

A summary of results of tests on one of these boilers, when 
burning coal and when burning oil, is given at the top of 
p.604. 

Forced Draught.—By the use of forced draught the com¬ 
bustion of the fuel is eflected with a less quantity m air in excess 
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Fuel. 
Goal. 

ITand-fired. Mexican Oil. 

Gross calorific value . . B .Th.U./lb. 13680. 18510. 

Rating .... Low. nigh. liOW. High. 
Steam press. Saturated . Ih./sq. in. 270 269 273 208 

Superheated Ib./sq. in. 2G5 25S 266 248 
Steam temp. Superheated . ®F. 767 790 743 772 
Feed temp. . ®P. 43 42 44 44 
Actual evap./sq. ft. H.S. . Ib./hr. 4-69 (J-89 6-71 8-79 
Actual evap./lb, of fuel lb. 8-38 8-16 11-60 11-11 
Kquiv. evap. from and at 

212® F./sq. ft. H.S. Ib./hr. 1 6-76 9-99 8-13 12-67 
Equiv. evap. from and at 

212® F./lb. of fuel . lb. i 12-07 11-85 16 54 1602 
Ctoal per sq. ft. grate area . Ib./hr. 23-5 36-0 
Boiler efficiency on gross O.V. per cent. | 85-7* 81-2* H6-0* 83-2* 

* Apparent discrepancy between efTiciency and equivalent evaporation per Ib. 
of fuel from and at 212® F. is due to a BmaU percent^e of steam produced being 
subsequently desuperheated and therefore some heat given back by desuperheater. 

of that theoretically required, hence less heat will be carried 
away through the chimney by the excess air. Also, a larger 
quantity of fuel is burned on a given grate in a given time, and 
therefore a smaller boiler will produce the same quantity of 
steam. An inferior quality of coal may be used ecoiiomicaUy 
when forced draught is used. Another advantage of forced 
draught is that the draught being produced by a fan is under 
control, and may be varied to suit the state of the atmosphere 
and the rate of combustion required. 

Forced draught also allows higher gas velocities through the 
boiler, resulting in greater heat transfer, and hence a higher 
rating and efficiency. It also permits the use of air preheaters 
to heat the air for combustion by recovering some of the heat 
from the waste gases. In cases where high efficiency air heaters 
of the Howden-Ljungstrom rotary type are used, the resultant 
gas temperature may be so low (say 230° F.) that the pull of 
the funnel, due to the temperature difference, is diminished to 
such an extent that induced draught fans may be necessary. 
This balanced draught arrangement consisting of both forced 
and induced draught fans, in conjunction with high efficiency 
air heaters, is almost universally adopted in important land 
boiler plants, and is becoming quite a normal feature of high 
efficiency marine steam installations. 

The reduction in the consumption of fuel per I.H.P., due to 
the use of forced draught, has heen shown to be about 16 per 
cent., while in the steam-producing power of a given boiler there 
is an increase of from 30 to 50 per cent. 

The air pressure in ordinary stationary and marine boikra 
is from | inch to 2 inches of water. In torpedo boats the air 
pressure ranges up to 6 inches. 
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Babcock and Wilcox Water-tube Boilers.— 

Longitudinal Multiple Drum Sectional Header Boiler with 
Natural Draught Stoker and Superheater.—This boiler is com¬ 
posed of seamless steel tubes placed in an inclined position, and 
connected to one another by forged steel headers of serpentine 
form, so that the tubes are arranged zigzag. The headers are 
connected by tubes with the steam and water drums, as shown in 
the above illustration. The rear headers are also connected to 
a forged steel mud drum at their bottom ends. The tubes are 
expanded into bored holes in the headers. The handhole open¬ 
ings in the headers opposite the ends of the tubes are closed by 
internal handhole caps with gaskets and secured by bolts and 
clamps (all of forged steel). The boiler is suspended, entirely 
independent of the brickwork, from girders resting on columns. 

The products of combustion pass from the furnace up between 
the tubes into a combustion chamber under the steam and 
water drums; from thence they pass down between the tubes, 
then once more up between the tubes, and off to the chimney. 

The water circulates from the back to the front in the inclined 
tubes, up through the front headers into the drums above, then 
along the drums and down the back tubes into the rear of the 
inol&d tubes again. 

The soot is removed from the tubes by soot blowers. 
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Babcock and Wilcox Water-tube Boilers. Some 
Standard Sizes of the Longitudinal Drum Sectional 
Header Type. 

Total 

No. of 
Tubes in x> 

H 

Drams. 
Space 

Occupied 
(Hand-fired). 

Heating 
Surface. 

5 
o 

1 o a 
c3 i 

‘ 'Weight 
(Packed). si S j 

o 
W 

O) 
A 

P V- 
Wg 1 o 1 

c 
w 

Sq. Ft Sq. M. Ft. In. Ft. In. Tons. Kilos. Ft. Ft. In. 
121 11 3 4 6 1 30 11 3 3i 3800 7 9 6 
152 14 3 4 8 1 30 13 4 4600 7 11 6 
183 17 3 5 8 1 30 13 4 H .4800 7 11 6 
221 21 3 5 10 1 30 15 6 5 6100 7 13 6 
293 27 4 5 10 1 30 15 6 6i 6600 7 13 6 

343 32 4 5 12 1 30 17 6 6800 7 16 0 
401 37 4 6 12 1 30 18 0 6 6100 7 16 6 
460 42 4 6 14 1 30 20 1 6} 6600 7 19 0 
526 49 4 7 14 1 30 20 1 7 7100 7 19 0 
593 55 4 8 14 1 30 20 1 7i 7600 8 19 0 

735 68 5 8 14 1 36 20 7 8600 8 19 0 
870 81 6 7 16 1 36 22 6 lOi 10400 8 21 0 
983 91 6 8 16 1 36 22 6 10} 10900 8 21 0 

1098 102 6 9 16 1 36 22 6 Hi 11700 8 21 0 
1218 113 6 9 18 1 36 24 8 12i 12400 8 23 0 

1265 117 7 8 18 1 36 24 8 13i 13400 8 23 0 
1411 131 7 9 18 1 36 24 8 14 14100 8 23 0 
1426 132 7 9 18 1 42 24 11 ! 14} 14400 8 23 0 
1619 150 8 9 18 1 42 24 11 14} 14900 8 23 0 
1741 1 162 12 7 16 2 36 22 6 18} 18900 8 21 0 

1790 166 8 10 18 1 42 24 11 16} 16500 8 23 0 
1827 170 9 9 18 1 48 25 4 17 17300 8 23 0 
1966 182 12 8 16 2 36 22 6 19 19300 8 21 0 
2010 186 9 10 18 1 48 25 4 19} 19600 8 23 0 
2197 204 12 9 16 2 36 22 6 20} 20600 8 21 0 

2255 209 10 10 18 1 54 25 7 20} 21100 8 23 0 
2437 226 12 9 18 2 36 24 8 22 22400 8 23 0 
2531 235 14 8 18 2 36 24 8 24} 25000 8 23 0 
2690 250 12 10 18 2 36 24 8 23 23400 8 23 0 
2823 262 14 9 18 2 36 24 8 26} 25700 8 23 0 
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Babcock and Wilcox Water-tube Boilers Some 
Standard Sizes of the Longitudinal Drum Sectional 
Header Type (continved). 

Spaf'e Oooupiod Sj)ace Occupied 
(Hand-fired). (Stoker-lircd ). 

Width over c; 
rO Width over Hand- > 

Brickwork. V Bru kwork. fired style 6 
_ _ H . o o _ _ _ (irate -stoker Size. 

4_, « 

'Si 
b rs 

X) P bn 

XI S 
c 

O 
c s 

P Ih 
s 

Area. a 
C8 
-2 

9 
cc eS 

W 
V 
w 

a 

di m 

Bt. in. Ft. In. Ft. Ft. In Ft. In Ft. In Sq. Ft. Ft. In. Ft. In. In. 
4 4 7 11 5-20 2 
4 4 7 11 6-25 2 
4 4 7 11 7*28 2 
4 4 7 11 8-33 'I 

4 11 9 1 10-64 2 

4 11 9 1 10-64 2 
4 11 9 1 11-97 2 
4 11 9 1 13-30 2 
5 8 10 7 8 19 0 5 * 8 10* 7 16-00 2 0x1 0 2 
6 8 10 7 8 19 0 5 8 10 7 16-00 2 Ox 8 6 2 

6 3 11 0 8 19 0 6 3 11 0 19-50 2 7x8 6 2i 
6 10 12 2 8 21 0 6 10 12 2 26-85 3 Ox 8 6 ' 2i 
6 10 12 2 8 21 0 6 10 12 2 26-85 3 Ox 8 6 
6 10 12 2 8 21 0 6 10 12 2 26-85 3 0x10 0 2i 
6 10 12 2 8 23 0 6 10 12 2 26-85 3 0x10 0 3 

7 5 13 4 8 23 0 7 6 13 4 30-91 3 8x10 0 3 
7 6 13 4 8 23 0 7 5 13 30-91 4 0x10 0 3 
7 5 13 4 8 23 0 7 5 13 4 30-91 4 0x10 0 3 
8 0 14 6 8 23 0 8 0 14 6 34-98 4 0x12 0 3J 

10 4 19 2 8 21 0 10 4 19 2 51-31 5 0x10 0 3i 

8 0 14 6 : 8 23 0 1 8 0 14 6 34-98 4 0x12 0 3i 
8 7 15 8 8 23 0 8 7 15 8 i 39-08 4 5x12 0 3i 

10 4 19 2 8 21 0 10 4 19 2 i 51-31 5 6x10 0 
8 7 15 8 8 23 0 8 7 15 8 39-08 4 5x12 0 3i 

10 4 19 2 8 21 0 10 4 19 2 51-31 6 0x10 0 4 

9 2 16 10 9 23 0 9 2 16 10 43-16 5 0x12 0 4 
10 4 19 2 9 23 0 10 4 19 2 51-31 5 6x12 0 4 
11 6 21 6 9 23 0 11 6 21 6 59-46 6 0x12 0 4 
10 4 19 2 9 23 0 10 4 19 2 51-31 6 6x12 0 6 
11 6 21 6 9 23 0 11 6 21 6 59-46 6 6x12 0 5 
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Babcock and Wilcox Water-tube Boilers. Some 
Standard Sizes of the Longitudinal Drum Sectional 
Header Type [coutinuid). 

'[I’otal 
liCiitiiii' 

Surface*. 

-No. of 
'rubes in 

L
en

g
th

 o
f 

T
ub

es
. 

Drumg. 

Approx. Total 
Weight 

(Packed). 

Space 
Occupied 

(Hand-fired). 

"^1 

s 

d 
'A 

0 
cS 

(5 
-5) 
g 

H
ei

g
h
t 

to
 

T
u
b
e 

D
oo

r.
 Ih 

o 3 
5 ts 

Sq. I't. Sq. M. Ft. In. Ft. In. Tons. Kilos. Ft. Ft. In. 
2852 265 14 9 18 2_ 42 24 11 25f 26200 8 23 0 
3140 292 14 10 18 2 42 24 11 26| 27200 
3240 301 16 9 18 2 42 24 11 27i 27700 
3580 333 16 10 18 2 42 24 11 28i 29000 
36.54 340 18 9 18 2 48 25 4 32 32500 

4020 374 18 10 18 2 48 25 4 33| 34300 
4510 419 20 10 18 2 54 25 8 40^ 41200 
4780 445 18 12 18 2 48 25 4 37i 38100 1 • • 
5346 496 20 12 18 2 54 25 8 48 48800 

I 

5540 515 18 14 18 2 48 25 11 42 42700 

6182 574 20 14 18 2 54 26 0 48i 49300 
7135 663 27 12 18 3 48 26 3 63 64000 
7322 683 24 14 18 3 42 25 10 60 61000 
8283 770 27 14 18 3 48 26 3 69i 70900 
9273 863 30 14 18 3 64 26 4 80| 82100 

Pressures,—From 350 to 400 lbs. per square inch represents 
the usual maximum final steam pressure of these boilers. Where 
higher pressures are required, the cross drum sectional header 
boiler must be installed. 

Ha-nd-fired Orate Sizes.—^In selecting the size of boiler, care 
must be taken to choose a unit having sufficient grate area to 
bum the necessary quantity of the particular fuel available. 
The grate areas tabulated do not allow for any stepping out of 
the side walls to accommodate a larger area. Where no grate 
size is given, hand-firing is not recommended. 

Stoker Sizes,—The above remarks re selection of a boiler also 
apply here. Stoker sizes may be modified by using special settings, 
etc. Boiler sizes which have no stoker sizes allocated should 
receive special consideration, as the largest stoker that can be 
fitted with a normal setting will not carry the usual evaporation. 
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Baboook and Wilcox Water-tube Boilers {continued). 

space Occupied 
(Hand-fired). 

Space Occupied 
(Stoker-fired). 

Hand- 
fired 

Grate 
Area. 

style 6 
Stoker Siae. 

S
te

am
 S

to
p
 V

al
v

e 
S

iz
e.

 

Width over 
Brickwork. 

H
ei

g
h
t 

to
 T

u
b

e 
D

o
o
r.

 

L
en

g
th

 o
v
er

 
B

ri
ck

w
o
rk

. Width over 
Brickwork. 

S
in

g
ly

. 

B
at

te
ry

. 

S
in

g
ly

. 

B
at

te
ry

. 
Ft. In. Ft. In. Ft. Ft. In. Ft. In. Ft. In. Sq. Ft. Ft. In. Ft. In. In. 
11 6 21 6 9 23 0 11 6 21 6 59-46 6 6x12 0 5 

9 23 0 11 6 21 6 6 0x14 0 6 
9 23 0 12 8 23 10 7 6x12 0 5 
9 23 0 12 8 23 10 8 6x12 0 6 
9 23 0 13 10 26 2 8 6x12 0 6 

9 23 0 13 10 26 2 8 0x14 0 5 

9 23 0 16 0 28 6 !! 9 0x14 0 6 

11 23 0 13 10 26 2 8 6x16 0 6 

9 23 0 16 0 28 6 t Sxl4 0 6 
11 23 6 13 10 26 2 9 0x16 0 6 

23 6 .. ,, 7 
9 23 0 19 1 \ Sxl4 0 7 

23 6 ,, ,, 7 
11 23 6 19 1 1 Sxl6 0 7 
11 23 6 o

 

©
 

J «xl6 0 8 

Baboook and Wilcox Water-tube Boilers—Cross Brum Types.— 
The categories of cross drum boilers may be listed briefly as follows: 
Marine, portable, cross type, and power station boilers. 

Marine Water-tube Boilers are made in sizes up to evaporative 
capacities of about 60,000 lbs. of water per hour, and for working 
pressures up to about 625 lbs. per square inch. They are used 
on warships, ocean-going liners, tugs, and other craft. An 
illustration of an oil-fired marine boiler with superheater is 
shown on p. 6ll. 

Portable Boilers range in evaporative capacity from 600 to 
6000 lbs. of water per hour, and for working pressures up to 
200 11^. per square inch. They can be constructed so that no 
sinMe part weighs more than 2^ lbs., thus facilitating transport 
tndifficult country. 

V 
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Cross Type Boilers range in evaporative oapaoity from 360 to 
8770 lbs. of water per hour, and for working pressures up to 
205 lbs. per square inch. The weight of the steam and water 
drum, which is the heaviest part, does not exceed 8 cwt. in the 
smaller sizes of these boilers. 

Power Station BoilerSt known as the C.T.M. type, have been 
manufactured to give an evaporation of over 1,(>W),000 lbs. of 
water per hour, and for working pressures exceeding 1600 lbs. 
per square inch. For such high pressures, welded drums and 
seamless forged steel drums are used in place of riveted drums, 
and the water tubes are reduced in diameter. 

Fire-bars.—These are generally made of cast-iron, and are 

shown in the annexed 
illustration. The fol¬ 
lowing are approxi¬ 
mate rules for pro¬ 
portioning common 
cast-iron fire-bars:— 

A- yj 

Z = length of fire-bar (usually from 2 feet to 3 feet), 

inches. d=^-f | inch. 

inch to I inch. h-^t. 
b=i inch to | inch, depending on the kind of fuel and the 

force of the draught. 
The area of the air spaces between the fire-bars varies from 

*15 to '4 of the grate area. The average of a large number of 
examples gave area of air spaces equal to *28 of grate area. 

Qain Due to Heating the Feed-water in Steam Boilers.— 
^1 = temperature of feed-water before heating, in degrees 

Fahr. 
^2=temperature of feed-water after heating, in degrees Fahr. 

Ai = heat in feed-water (above that in water at 32° F.) before 
heating, in British thermal units. 

A2=heat in feed-water (above that in water at 32* F.) after 
heating, in British thermal units, 

total heat in steam at boiler pressure (^bove that in 
water at 32* F.), in British thermal units. 

Gain per cent = 
100(^2-^,) 
“ BT-ki 

It is assumed that the feed-water is heated by waste gaises^ 
the heat of which would otherwise be lost. 
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The following table shows the gain per cent, due to heating 
the feed-water to various temperatures for various pressures of 
steam:— 

1 
Temp. 

in 

Absolute Pressure of Boiler Steam in Lbs. per Square Inch | 

45 135 225 1 45 1 135 226 
Degrees 
Fahr. 

Gain per Cent, due to Heating Feed-water to Temp, | 

When #, =60“ Fahr. When 1=100“ Fahr. 

loo”^ 8*52 3-45 3-41 _ 1 _ _ 
160 7*91 7-75 7-67 4-66 1 4*46 4-41 
200 12-31 12-06 11-93 9-11 8*92 8*82 
250 16-70 16-37 1619 13-67 1 13-38 lo*23 

Hydraulic Tests for Steam Boilers.—Lloyd's Rules,—In all new 
boilers working at pressures up to 100 lbs. per square inch the 
hydraulic test is to be twice the working pressure. For boilers 
working at pressures greater than 100 lbs. per square inch the 
hydraifio test pressure is to be IJ times the working pressure 
plus 60 lbs. per square inch. 

Board of Trade Rules.—All new boilers to be tested by hydraulic 
pressure to 1J times the working pressure plus 60 lbs. per square 
inch. The tests to be made before the boilers are in the vessel and 
before they are lagged. This latter instruction applies also to 
evaporators, superheaters, and steam chests, but these should 
be tested to twice the working pressure, except that when a 
superheater forms an integral part of a boiler it should be tested 
to the same pressure as and with the boiler of which it forms 
a part. 
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RIVETED JOINTS. 

Rivets and Rivet Holes*—For the proportions marked on the 
figures below the unit is c/, the diameter of the rivet. 

The length of rivet required to form a rivet head is about \\d 
for conical and snap heads. For countersunk heads the allow¬ 
ance is from to d 

* For particalan of British Standard Bivets, see B.S.S., No. 275, Dimenslona 
of Rivets, and B.SB., No. 426, Forms and Dimensions of Boiler Rivets. 
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As the rivet expands when heated, its diameter when cold 
should be less than that of the hole. In practice, the diameter 
of the rivet is generally one-sixteenth of an inch less than that 
of the hole for rivets | inch in diameter and upwards. 

In all calculations on the strength of riveted joints, and in all 
rules and tables, the diameter of the hole is taken as the diameter 
of the rivet. 

In boiler work the rivet holes are drilled after the plates have 
been bent or flanged and put together in their proper places. 
After drilling the plates are taken asunder, and any burs which 
have been formed at the edges of the holes are removed. 

Notation for Formulje for Riveted Joints.—All dimensions are 
in inches, unless otherwise stated. 

thickness of plates. 

^1= thickness of butt straps; when inner and outer straps 
have different thicknesses, = thickness of inner strap, 

= thickness of outer strap. 

d= diameter of rivets, after riveting. 

p= greatest pitch of rivets. 

n= number of rivets in a width of joint equal to p in lap 
joints. 

=number of rivets on each side of the butt in a width of 
joint equal to p in butt joints. 

/=distance from edge of plate to centre line of nearest row 
of rivets. 

c, c', Cl, and c\ = distances between rows of rivets. 

ft = tensile strength of plates in lbs. per square inch, 

/j—shearing strength of rivets in lbs. per square inch. 

=ff, or say 0-8, for steel plates and steel rivets, but varies 

according to ultimate strength of plate. 

(7=ratio of shearing strength of rivet in joint to shearing 
strength of rivet in single shear. 

/• 
/< 

= 1 for lap joints. 

= 1*875 for butt joints with double cover straps (Board of 
Trade and Lloyd’s rules). 

/?<= resistance of plate to tearing between the rivets of pitch 
p, expressed as a percentage of the resistance of the 
solid plate. 
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resistance of rivets of joint to shearing expressed as a 
percentage of the resistance of the solid plate to 
tearing. 

jRi = resistance of rivets of outer tow to shearing combined 
with the resistance of the plate between the inner row 
of rivets to tearing, expressed as a percentage of the 
resistance of the solid plate to tearing. (For joints in 
which the pitch of the rivets in the inner row is half 
the pitch of the rivets in the outer row.) 

/2=the least of the quantities /j!s, Hi. 

efficiency of the joint = 

Single Eiveted Lap Joints.— 

^ P 

„ 100 X •7864^^2 f, 
Ra~ . XT* 

ft 

rr r. » -7854(^2 fs 
If = then p= ^ 

For joints which have to be made 
steam-tight the pitch of the rivets is 
generally less than that given by the 
above formula. 

The following table mves proportions of single riveted lap jointg 
suitable for boSer work, when=0-8:— 

t 
Steel Plates and Steel Rivets, j 

d p Rt R, 

A IV s 1/ff 56-5 54-6 
1 i m 55-6 66-9 

A 1 2 60*2 55-0 
i* 2,V 54-5 53*6 

A 1 ! 2i 52-9 52-6 
5 1 
S ‘ lA ! 52‘8 50*4 

H n 
L"l_ 

62*6 48*7 



J, _l(K)(p-rf) ^ 100 x 2x-78r)4<r-‘ 

p ' ~ Jt' 

If D D .1 2 X •7H54(P /, , 
If i?( = iJj, then j) = - x^y+d. 

i jt 

c=i>ijV(llp + 4(i)(p + id). Ci=2(i to2d + i inch. 

/.//.=0-8. 
j Tsteel Plates and Steel Kivets. I 

d p e Cl R 

T® 2i*(r! lA li ^^"2 
f f 2S IS 2 71-4 

A I }J 2i lA 24 69-0 
4 j I 2iS 14 2i 68-4 

A I « 24 lA 2| 67-4 
i 1 I 3 14 24 66-7 

i® lA' 3i m 2| 6(i-0 
5 H I 34 1| 2J 65-2 

If lA 3J H4 24 64-G 
4 14 , 34 1411 3 641 

4* lAl 3| 2 34 63-7 
1 If I 3| 24 j 34 63-3 

In each case Rt is nearly equal to R„ and the value under 
R is the smaller of the two. l=Ud. 
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Treble Riveted Lap Jointe.— 

c = iV 1 Ip + 4{i) (p + id), Cj = 2c? to 2<i + i inch. 

f 
Steel Plates and Steel Rivets. 

d P c Cl R 

i 1 H n 24 72-0 
li 

] n 
IS 3f IS 2S .71*4 

i 1 m 24 , 71-4 

U llV 344 144 28 71-0 

1 14 3i 2 2S |70-4 

n ii\ 4 2A 2| 70-3 
1 14 ir\ 2A 3 70-1 

iiV lA 4i 24 i 34 1 69-9 I 

14 14 44 2| 34 09-4 

In each case Rt is nearly equal to Ra, and the value under R 
is the smaller of the two. 1=^ 1 Jc?. 



lOO(p-rf) 

If Rt-Rs^ then 

100 X 4 X *7854^2 
= X 

pt ft 
x-imitP /, . 

'^{iip + d)U\}> + d). ci=2d to 2rf4 4 inch. {=14<i. 

The resistance of this joint to the shearing of the rivets of an 
outer row, and the tearing of the plate between the rivets of the 
inner row, expressed as a percentage of the strength of the solid 

plate, is Ri = 
100{ -7854^72/, + {p - 2d)tft} ^R, m{p -2d) 

ptft ~ 4 + p 
„ 4x-7854d2 / 

■ Rs, then p= ^ x ^^ + a, as before, and If Ri = Rt = Rs, then p= ^ x ^^ + c7, as before, and 

t ft 
d= X y =1*277 for iron plates and iron rivets. 

= 1*597 for steel plates and steel rivets. 
If the diameter of the rivets is greater than that given by 

the above formula, the strength of the joint must be taken as 
Rt or Rsi but if the diameter is less, which is generally the 
case, then the strength of the joint must be taken as Ri. 

(General Formnlss for Lap Joints.— 
„ 100(p~(7) „ 100xnx*7864d» /, 

' p pt ft 
« « « xr. tix*7854d* fg ^ 
If Ri=Rs, then p--^ 

When the pitch of the rivets in the inner rows is half the 
pitch of the rivets in the outer rows, 

i?. ioo(p-ai) 
ie,= -+ ^ 
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Butt Joints with Single Butt Straps.—A butt joint with a 
cover strap on one side only is made up of two lap joints, and 
may therefore be proportioned by the rules for lap joints. 

Thickness of butt straps:thickness of plate x 1^. 

Single Riveted Butt Joints with 
Double Butt Straps.— 

^ 10()x 6" X-7854^2 

Vt ft 
If Rt=lis, then 

Ox-7854^^2 /; 
p=-- x-^^+d. 

The diameter of the rivets may 
be— 

d=t + J inch for iron plates and 
iron rivets. 

c? = 14- W i*^ch for steel plates and 
steel rivets. 

<1= 1^. 
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The diameter of the rivets may be, 
= ^ inch for iron plates and iron rivets. 
= inch for steel plates and steel rivets. 

c=tJ, \'(ri/7j‘ W)(;) fIrf). t, = l^lld. 

For Fig. (7i). 
l<X)(p-rf) 100x3Cx-7854ri2 / 

X pt ft 

If = thenp = 
jhrAd- 
t +d» 

Jt 

The diameter of the rivets may be, 
d — t+\ inch for iron plates and iron rivets. 

+ inch for steel plates and steel rivets. 

c=sl(V^+d)(^P+d). i=4<z. 

„ m)\Ox-lHUd:^f, + (p-2d)tft\_R, 10(>(p-2d) 
~ pt/, -3+ p • 

With rivets of ordinary diameter lij will be greater than 
JRt or 7?8. 

Treble Riveted Butt Joints with Double Butt Straps.— 

I'or Fig. (O). 

£,= 
KHXp-d) 

100x3Cx ■7854<P 

' Pi^ ""ft 
If R,-R., then 

36’X •7854(12 f 

~ t 
xy^ + d 

C=^„j{np+M){p+U). 

^=lid 

The diameter of the rivets 
may be, 

+ inch for iron plates and iron rivets. 
+ | inch for steel plates and steel rivets. 



For Fig. (6). Rt = 
100 x5C7x-7854^2 /, 

... , X. 5Cx-7854rf- /*. , 
If Rt — then 2>—--+d 

d may be from t + J inch for plates f inch thick to ( for plates 
1 inch thick and upwards. 

c = ^/^Hp+d){^,p -I rf). c'= sV nFTBdMFTSS). 

■ 8{p - 2d) l=\\d. 

„ 100{6''x-7854<iy, + (p-2d)</(} R, 100(p-2d) 

" ptft '5-+ p • 

With rivets of ordinary diameter Ri will be greater than 
Ri or Rs. 

100(p-</) „ 100x4(7x-7854c?2 
For Fig. (c). = -x^^. 

r. r. 4(7X •7854^2 
If Rt=Rst thenp=-^- 

d may be from f inch for plates § inch thick to ( for plates 
I inch thick and upwards 



622 COMBINED LAP AND BUTT JOINTS 

Combined Lap and Butt Joints.— 

Strength of joint of width 
Resistance to tearing at A or J)={p-d)tft . . . (1) 
Resistance to shearing at A and tearing at B 

= ^'‘fs + {p-2d)tfi.(2) 

Resistance to shearing at S and I) (first fignre)=?^d% (3a) 

Resistance to shearing at By (7, and B (second figure) 

= ~<p/s.(36) 

4 fi 
From (1), (2), and {3a), p=4<i, and cf=~ x < = 1*6^ for steel 

^ Js 

plates and steel rivets, which are the proportions for the first 
design. 

4 fj 
From (1), (2), and (36), p=6d, and d= x t=VQt for steel 

TT Js 

plates and steel rivets, which are the proportions for the second 
design. 

EflSciency of jointper cent, for first 

design. 

Efficiency of joint=~^=|=83*3 per cent, for second 

design. 
The thickness of the cover strap is usually the same as the 

thickness of the plates. 
The above proportions give the maximum efficiency, but in 

practice they Wve to be modified for thick plates because the 
rivets would be too large to be conveniently riveted 
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The addition of a cover strap, in the manner shown by the 
iliistrations on the opposite page, is a simple way of increasing 
very considerably the efficiency of an existing lap joint. 

Butt Joint with Cover Straps of Unequal Width.— 
Strength of joint of width =j}. 
Resistance to tearing at outer 

row of rivets = (p - . (1) 
Resistance to shearing of 

outer row of rivets and to 
tearing at second row of 

rivets = + (p - 2d)tft . (2) 

Resistance of rivets to shear- 

Ott 
ing ='-j<Pfs.(3) 

Combining (1), (2), and (3), 
p = 10«/, and 

4 ft 
d = - x \ X 1'6< for steel 

V Js 
plates and steel rivets. 

Efficiency of joint = 
lOd-^d 9 

lOd ““10’ 
or 90 per cent. 

The above proportions give the maximum efficiency to the 
joint, but in practice they would have to be modified. The 
pitch would in general be too ^eat to ensure a steam-tight 
joint, and for thick plates the rivets would be too large to be 
conveniently riveted. 

For maximum pitches of rivets allowed by the Board of Trade 
and Lloyd’s rules for joints in steam boilers, see p. 627. 
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Board of Trad^ and Lloyd’s Rules for Riveted 
Joints of Cylindrical Boiler Shells. 

Joints with Drilled Holes. 

Joints. 

1 to 20 

13 to 20 

Steel Plates, Rivets, and Straps. 

lOO(y-d) lOOd 

-Ri 
l = \id. 

p ‘100- 
_ 100 X S.y a xnxC , 
R,=--1-» where a = 0-lS5id\ 

S^xpxt 
i9i= minimum tensile strength of plate 

in tons per square inch, 
iS^2= shearing strength of rivets, which 

is taken generally to be 23 tons 
per square inch, and may be 85 
per cent, of the minimum tensile 
strength of the rivet bars. 

For meanings of other symbols on this page see 
pp. 614, 616, and illustrations on opposite page. 

^ mip-2d) ^R, 
^ p ^ n' 

The values which follow are minimum values. 

1 tol2, and\ 
14 and 18 / 

15, 16,19, \ 
and 20 / 

2, 4, 6, 9, 'I 
and 11 r 

3, 6, 7, 10,1 
and 12 / 

13, 14, 15, \ 
and 16 J 

17, 18,19,1 
and 20 / 

15 
19 

For double butt straps, 

<0=f i and -f J inch. 

For double butt straps, 

inch. 

Ci=2d. 

c=0*33p -f 0*67d. 

Cl =0*33p +0*67d, or =2d, whichever is the 
greater. 

c=0-2p + M5d. 

c'i=2d, 
c'=0-165p4*0-67d. 

Steel plates subject to direct tensile stress may be welded in 
oases where the weld is covered by a riveted butt strap or straps, 

plates which are welded, dished, flanged, or locally heated 
to be afterwards efficiently annealed. Butt straps are to 

out from plates and not from rolled strips. 
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Riveted Joints for Bars or Narrow Plates in Tension. 

Lap Joint. 
Resistance to tearing at A 

=^[h-d)tft.(1) 
Resistance to shearing at A 

and tearing at B 

= 4<iya + (6-2rf)</< . . .(2) 

Resistance to sheaiing a*^ A 
and B and tearing at C 

=^cPM(b-3d)tft. . .(3) 

Resistance of rivets to shear- 

ing =  (A) 

where n=total number of 
rivets in joint.* 

From (1) and (2), 

‘-{m> .(5) 

Butt Joint. 
Resistance to tearing at A 

= {h-d)tft.(1) 
Resistance to shearing at A 

and tearing at B 
2ir , 

= rd:^M[h-2d)tft .(2) 

Resistance to shearing at A 
and B and tearing at C 

=^<iy.+ (6-3<<)(/,. . .(3) 

Resistance of rivets to shear- 

ing= jdPf,.(4) 

where n=total number of 
rivets in joint.* 

From (1) and (2), 

•my (6) 

d—'^t for steel plates and 
steel rivets. 

From (1), (4), and (5), 

/•V 
ft) 

.(6l 

for steel plates and 
steel rivets. 

From (1), (4), and (5), 

n=*63^^^ -1 for steel plates 

and steel rivets. 
A more efficient joint is obtained by making the rivet at A 

smaller than the rivets at B, and the rivets at B smaller than 
the rivets at C. 

1=2-6^ ~ 2 for steel plates 

and steel rivets. 

* The total number of rivets must also bes=fl!(a;+l), where x is the number 
of rows of rivets on each side of the centre of the joint. -1. Itx 
comes out a number and a fraction, the next whole number above it maJ 
be taken. 
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The rules deduced on the opposite page for the diameter of 
the rivets would probably be modified in practice. For thick 
plates the rule, d = l-6^, would give too largo a rivet to be con¬ 
veniently riveted. The other rule, d = *8^, gives smaller diameters 
than would be found in practice. 

Ifaximum Pitch of Rivets in Longitudinal Joints {Board of 
Trade and Lloyd's Rules).— 

thickness of plate in inches. 
p = maximum pitch of rivets in inches. 
A; = constant applicable from the following table:— 
Number of rivets 

in one pitch . / “ ^ 
For lap joints . A: = 1-31 
For double butt \ ^ i 

strap joints . 
p=(A;xO + lf. 

2-62 

3 50 

3 

3-47 

4*63 

4 5 

414 

5-52 600 

Oircumferential Joints {Board of Trade and Lloyd's Rules).— 
The strength of the seams joining the end plates to the cylindrical 
shell is not to be less than 42 per cent, of that of the solid shell 
plate. Where the shell plates exceed f inch in thickness the 
seams connecting the shell plates to the end plates are to be at 
least double riveted. Where the shell plates exceed J inch in 
thickness the intermediate circumferential seams of double-ended 
boilers are to be at least double riveted. 

The circumferential seam at or near the middle of the length 
of single-ended boilers is to have a strength of joint not less than 
60 per cent, of the solid plate. The inner circumferential seams 
of double-ended boilers are to have a strength of joint not less 
than 62 per cent, of the solid plate. In any case there are to be 
at least three rows of rivets where single-ended boilers have 
shell plates over If inches in thickness and where double-ended 
boilers have shell plates over 1,^ inches in thickness. 

The oircumferential seams of the shells of vertical boilers are 
to have a strength of not less than 42 per cent, of the solid plate. 
Where these seams are not complete circles, and where the shell Slates exceed f inch in thickness, the riveting is to be at least 

ouble. 
Strength of Cylindrical Boiler Shells.— 

greatest internal diameter of shell in inches, 
t S3 thickness of shell plates in inches. 

efficiency of riveted joints (longitudinal seams), see p. 616. 
/*=tensile strength of plates in lbs. per square inch. 
P =3 safe working pressure of steam in lbs. per square inch. 
Pssfactor of safety. 

PDF 
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Cylindrical Boiler Shells (Board of Trade and Lloyd's Rules).— 
If the thickness of the shell plates does not exceed IJ inches, 

cTd 

If the thickness of the shell plates exceeds If inches, and the 
longitudinal seams are made with double butt straps, 

p_tx8 
“2*85 xD* 

In the above formulae 

P is working pressure in lbs. per square inch. 
t is thickness of the shell plates in 32nd3 of an inch. 
5 is minimum tensile strength of shell plates in tons per square 

inch. 
J is percentage of strength of longitudinal seams, and its 

value is either the least of the quantities and R^ (see p. 624), 
or the least of the quantities and i?,, depending on the type 
of joint. 

6 is a coefficient, which is 2*76 where longitudinal seams are 
made with double butt straps, 2*83 where longitudinal seams 
are made with lap joints and are treble riveted, 2-9 where they 
are made with lap joints and are double riveted, and 3*3 where 
they are made with lap joints and are single riveted. 

D is inside diameter of outer strake of plating of cylindrical 
shell measured in inches. 

Superheaters (Board of Trade Rules).— 
Tubulous Superheaters attached to Cylindrical Boilers.—The 

headers should be of wrought- or cast-steel. 
The minimum thickness of heating tubes is given by 

P is working pressure in lbs, per square inch. 
t is thickness of tubes in lOOths of an inch, 
d is external diameter of tubes in inches. 
The tubes should be solid drawn. Superheaters should be 

tested by hydraulic pressure to double the working pressure. 
Superheaters of Water-tube Boilers.—Superheaters forming part 

of a water-tube boiler should comply with the requirements 
of boilers of that type as regards drums, headers, construction, 
and material. Tubes which have only steam within them should 
be situated in a position shielded from direct radiant heat, and 
where only hot gases and not flame can impinge upon any part. 
Working pressure on the tubes should not exceed that obtained 
from the formula for the upper tubes of water-tube boilers 
(see p. 639). 
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The completed superheater should be tested with and to the 
same hydrauhc pressure as the boder of which it forms part. 

Strength of Spherical Boiler Shells —A spherical shell has 
twice the strength of a cylindrical ‘'bell of the same diameter 
and thickness, hence, 

\tf,E PDF 
DF' 4ftF' 

where the letters have the meanings given on p. 627. 
The foregoing formulae also apply to the hemispherical ends of 

boiler shells. 

Strength of Dished Ends of Boiler Shells 

i-- 
PvF 

rF ' ■ 2ft 
The dished end will have the 

same strength as the cylindrical 
shell of the same thickness when 

d 

In practice r is generally equal to d. 
In the above formula3 it is assumed that the dished end is in 

one piece. 
\K^ sl4r‘-d^ 

Hh ■ 2 • 

If r = d, then /i = T34d. 

Hemispherfcal Ends and Dished Ends {Board of Trade and 
Lloyd's Rules),— 

When the end is a hemisphere without stays, 

-2) xSxJ^ 

^R 

P is working pressure in lbs. per square inch. 
t is thickness of plates in 32nds of an inch. 
S is minimum tensile strength of plates in tons per square inch. 
J is minimum strength of riveted joints per cent, of solid plate. 
R is inner radius of curvature in inches. 
0 = 3*3 for single riveting, 2*9 for double riveting, 2*83 for 

treble riveting. 

When end is dished outwards to partial spherical form and 
without stays, 

..ISxg(t-l) 

B 
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R is not to exceed diameter of shell. Inside radius of curvature 
at flange not to be less than four times the thickness of end plate 
and in no case less than 2-5 inches. 

When end has a manhole in it, the thickness of plate is to be 
increased by ^ inch, and total depth of flange of manhole from 
the outer surface, in inches, is to be at least 

VTxw, 

where T is plate thickness in inches, and w is minor axis of hole 
in inches. 

Plain Furnace Tubes.— 
= outside diameter in inches. 

< = thickness in inches. 
Z/ = length in feet. (The length is measured between the 

rings, if the furnace is made with rings.) 
P = working pressure of steam in lbs. per square inch. 

46552^219 

DsJL ‘ 

t - n 
TTT 

11 
TJ7 

n 
F A a A 

<2 19- •078 •09(5 •117 •139 •1(54 •190 •219 •250 ■284 1 

Board of Trade and Lloyd^s Rules for Plain Furnaces.—^ 
The working pressure allowed on plain furnaces or furnaces 

strengthened by Adamson or other joints, and on the cylindrical 
bottoms of combustion chambers, is determined by the following 
formulae, the lesser pressure obtained being taken :— 

p_ 
(L + 24)xi) 

or l’=^’x[10((-l)-i]. 

P is working pressure in lbs. per square inch. 
D is external diameter of furnace or combustion chamber in 

inches. 
t is thickness of furnace plate in 32nd8 of an inch, 
L is length, in inches, of furnace or combustion chamber bottom 

between points of substantial support, measured from centres 
of rivet rows or from the commencement of flange curvature, 
whichever is applicable. 

0 = 1450 where the longitudinal seams are welded, and 1300 
where they are riveted. 

01=50 where the longitudinal seams are welded, and 45 where 
they are riveted. 

When plain vertical furnaces are tapered, the diameter lor 
calculation purposes shall be the mean of that at the top, and 
at the bottom where it meets the substantial support from flange 
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or ring. The length for the same purpose shall be the distance 
from the centre of the row of rivets, connecting the crown to the 
body of the furnace, to the substantial support at the bottom 
of the furnace, or to a row of screwed stays connecting the 
furnace to the shell, provided the pitch of stays at the furnace 
does not exceed 14 times the thickness of the furnace plate when 
the stays are riveted at their ends, and 16 times when they are 
fitted with nuts. The diameter over the threads of such screwed 
stays must be not less than 2*25 times the thickness of the furnace 
plate. 

No furnace shall exceed ^ inch in thickness. 

Corrugated Furnaces (Board of Trade and Lloyd's Buies),— 

P-£(L=i). 
D 

P is working pressure in lbs. per square inch. 
D is external diameter, in inches, measured at the bottom of 

the corrugations. 
t is thickness of furnace plate in 32nd8 of an inck^ measured at 

the bottom of the corrugation or camber. 
(7=480 for the Fox, Morison, Deighton, Purves, and similar 

furnaces, and is 610 for the Leeds Forge Bulb Suspension furnace. 
No furnace shall exceed f| inch in thickness. 

Spherical Furnaces (Board of Trade and Lloyd's Rules),— 
When furnaces are spherical in form and convex upwards at 

their tops, and are without support from stays of any kind, 

p 275(<~1) 

B 

P is working pressure in lbs. per square inch. 
t is thickness of top plate in 32nd8 of an inch, 
R is outer radius of curvature of furnace in inches. 

Ogee Ring (Board of Trade and Lloyd's Buies),— 
For the ogee ring wnioh connects the bottom of the furnace to 

the shell, and sustains the whole load on the furnace vertically, 

P 140(^~1)» 
Dx(D-d) 

P is working pressure in lbs. per square inch. 
t is thickness of ogee ring in 32nds of an inch, 
D is inside dUameter of boiler shell in inches. 
d is outside diameter, in inches, of lower part of furnace where 

it joins the ogee ring. 
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BOILEB STAYS. 
Direct Stays.— 

f/= smallest diameter of stay in inches, 
A — area of plate supported by one stay in square inches. 
P —working piessuro of steam in lbs. per square inch, 
/—safe stress allowed on stay in lbs. per square inch. 

A~ p —Czp' 

/= -1500 5000 5.500 (50(X) (5.500,7000 7500 8000 8500 9000 
0,= -OUiH •01(50 •01.52 •011(5 •0110 -01 .‘{.5 0180 ,•012(5 •0122 •0119 
0a= 'MSP .‘{927 I 4;{20j 4712 .5105|.549H| 5890 (5288 (5(57(5 70(59 

For copper stays/— 1000 to 5000. 
Board of Trade and Lloyd's Rules.—Symbols P and A as 

above, also 
d' ~ diameter of stay over thread in inches, 

diameter of stay at bottom of thread or at smallest 
unscrewed part, 

S = minimum tensile strength of steel in tons per square inch. 
For screw stays with threads not coarser than nine threads 

per inch, made of steel or special wrought iron, 

8250(d'-0-267)* 

^ A 
but stress must not exceed 9000 lbs. per square inch. 

For steel longitudinal stays with threads not coarser than six 
threads per inch, 

„ 9500(d'-0-340)* S 

A ’^28 
but stress must not exceed 11,000 lbs. per square inch when steel 
of a minimum tensile strength of 28 tons per square inch is used. 

When longitudinal stays have enlarged ends or when the 
threads are coarser than six threads per inch, 

„ 9500(^1-0-126)* /Sr 

A ^28' 
On stay tubes, of wrought-iron or steel, a working stress of 

7600 lbs. per square inch of net sectional area at bottom of thread 
is allowed. 

Minimum thickness of stay tubes, measured under threads, 
is to be inch for marginal stay tubes and ^ inch for other stay 
tubes. Thickening of ends of stay tubes is to be attained by 
upsetting and not by any welding process, and the tubes are to 
be annealed after the upsetting. 

Stay tubes are to be expanded by roller expanders and not 
made tight by caulking only. 
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Illustrations of direct, diagonal, and gusset stays. 



Illustrations of girder stays, mainly from marine and loco¬ 
motive practice. 
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Diagonal and Gusset Stays.—The area of the cross section of 
a diagonal stay is found as follows; Find the area of a direct 
stay to support the same area of plate, and multiply it by the 
length of the straight part of the diagonal stay, and divide by 
the length of its projection on a plane at right angles to the 
surface supported. 

The area of a gusset stay should be in excess of that found 
by the above rule. 

Girders supporting Combustion Chamber Tops (Board of Trade 
and Lloyd's Rules).— 

P = 
G xd^xt 

(L-p) xD xL 
8 

^28* 

P is working pressure in lbs. per square inch. 
d is depth of girder at centre in inches. 
t is effective thickness of girder at centre in 32nd8 of an inch. 

L is length in inches, measured between the tube plate and 
back chamber plate inside, or between tube plates in chambers 
common to two opposite furnaces. 

p is pitch of stays supported by girder, in inches. 
D is distance apart of girders, centre to centre, in inches. 
8 is minimum tensile strength of steel plates forming the girder, 

in tons per square inch. With forged girders 8 is taken as 
24 for iron and 28 for steel. 

^ 49571 . . ,, ^ 495(71 + 1) , 
C =-- when n is odd, C —-— when n is even. 

71 + 1 71+2 

n is number of stays in a girder. 

Plain Smoke Tubes (Board of Trade and Lloyd's Rules).— 

Wrought Iron or Mild Steel. 

Outside 
Diameter. 

Inches. 

standard Thicknesses. 
S.W.Q. 

Working Pressures. 
Lbs. per Sq. Inch. 

A B C D A B c D 

2 11 10 9 155 215 300 
2i ii 10 9 8 140 190 260 316 

11 10 9 8 125 175 230 300 
2i 11 10 9 8 110 160 215 275 
3 10 9 8 7 140 190 250 300 

10 9 8 7 130 180 230 280 
3* 10 9 8 7 120 166 216 260 
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Flat Plates supported by Stays (Board of Trade and Lloyd's 
Rules).— 

a^ + b^ • 

P is working pressure in lbs. per square inch. 
t is thickness of plate in 32nds of an inch, 
a is distance apart of rows of stays in inches. 
b is pitch of stays in the rows in inches. 

(7 is a coefficient which depends on the method of fixing stays. 

Method of Fixing. 

Stays screwed and ends riveted. Thick¬ 
ness of plate to bo at least half 
diameter of stay measured at bottom 
of thread. 

Stay tubes screwed and expanded 
Stay tubes screwed into plate, expanded 

and fitted with nuts. 
Stays screwed into plate and fitted with 

nuts on outside. 
Stays passing through plate and fitted 

with nuts on inside and outside. 
Plate with flange, the inner radius of 

which is not greater than times 
plate thickness. Pitch to be reckoned 
from commencement of curvature. 

Where stays are irregularly pitched, is to be used instead 
of + 6®, d being the diameter of the largest circle which can be 
drawn through any three points of support without enclosing 
another point of support. When parts of the plate are supported 
in different ways, U is to be taken as the mean of the values 
appropriate for the methods of support at the various points. 

Where plates are supported by stays passing through them 
and are fitted with nuts inside and washers and nuts outside, 
the diameter of the washers being at least 3*6 times that of the 
stay, and their thickness at least two-thirds that of the plate, 

where ty, is thickness, in 32nds of an inchj of washers, strips, or 
doublings, and the other symbols are as before. 



TUBE PLATES 637 

Where washers have a diameter of at least two-thirds of the 
pitch of the stays and a thickness of at least two-thirds of that 
of the plate and are riveted to the plate in an efficient manner. 

Where plate is stiffened by strips at least two-thirds of pitch 
of stays in breadth and having a thickness at least two-thirds 
of that of the plate and are riveted to the plate in an efficient 
manner, 

Where the plate is fitted with a doubling plate having a thickness 
at least two-thirds that of the plate and riveted to it. 

If steel of less tensile strength than 26 tons per square inch is 
used for flat plates, the working pressure allowed is to be corre¬ 
spondingly reduced. 

Tube Plates (Board of Trade and Lloyd\s Rules).— 
For the portions of tube plates in the nests of tubes, 

p* 

P is working pressure in lbs, per square inch. 

t is thickness of tube plate in 32nd8 of an inch. 

p is mean pitch in inches of stay tubes supporting any portions 
of the plate (being the sum of the four sides of the quadrilateral 
divided by 4). 

{7=38 when stay tubes are screwed and expanded into tube 
plates and no nuts are fitted. 

(7=49 when stay tubes are screwed and expanded into tube 
plates and are fitted with nuts. 

For the wide water spaces of tube plates between the nests of 
tubes and between the wing rows of tubes and the shell, 

(7[(<-l)» + 0-55<J] 

a^ + b^ 

is thickness of doubling plate, when fitted, in 32nds of an inch, 
a is horizontal pitch of stay tubes in inches, measured across 

the wide water space from centre to centre. 
6 is vertical pitch of stay tubes in bounding rows, in inches, 

measured from centre to centre. 
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0 = 52 when stay tubes are screwed and expanded into the 
tube plates and no nuts are fitted. 

0 = 72 when stay tubes are screwed and expanded into the 
tube plates and nuts are fitted to each stay tube. 

(7 = 63 when stay tubes are screwed and expanded into the 
tube plates and nuts are fitted only to alternate stay 
tubes. 

0=4:5 for each of the foregoing conditions when there are 
wide spaces in the back tube plate exposed to flame 
(not in Lloyd’s rules). 

In cases where tube plates are in compression, the working 
pressure is obtained from the formula 

P = 875 
{D-d)xt 

"" WxD • 

P is working pressure in lbs. per square inch. 
t is thickness of tube plate in 327ids of an inch, 

D is horizontal pitch of tubes in inches. 
d is inside diameter of plain tubes in inches. 

W is width of combustion chamber, in inches, from tube plate 
to back chamber plate. 

Tube Plates of Vertical Boilers (Board of Trade and Lloyd's 
Rules).—When vertical boilers have a nest or nests of horizontal 
tubes so that there is direct tension on the tube plates due to 
the vertical load on the boiler ends, or to their acting as horizontal 
ties across the shell, the thickness of the tu^ plates and the 
spacing of the tubes are to be such that the section of metal 
taking the load is sufficient to keep the stress within that allowed 
on shell plates. Also each alternate tube in the outer vertical 
rows of tubes is to be a stay tube. 

The tube plates between the stay tubes must be designed 

according to the rule ■?= ■ - as given in the preceding Art., 

and in addition 
p (^-2)xi8^x(p-d)xl00 

2‘9xDxp 

P is working pressure in lbs. per square inch. 
S is minimum tensile strength of steel plate in tons per square 

inch. 
t is thickness of tube plate in S2nda of an inch. 

D is twice the radial distance of the centre of the outer row ot 
tube holes from the axis of the shell in inches. 

p is the vertical pitch of tubes in inches. 
d is the diameter of the tube holes in inches. 
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Tube Plates of Water-tube Boilers (Board of Trade and Lloyd's 
Rules).—For tube plates forming portions of cylindrical drums 
of water-tube boilers 

(/-4)x>9x(p-d)xl00 
SxDxp 

P is working pressure in lbs. per square inch. 

D is internal diameter of drum in inches. 

t is thickness of tube plates in 32nd8 of an inch, 

S is minimum tensile strength of plate in tons per square inch> 

p is pitch of tubes, in inches, on linos parallel with axis of 
drum. 

d is diameter of tube holes in inches. 

Tubes of Water-tube Boilers (Board of Trade and Lloyd's Rules). 
—For pressures up to 250 lbs. per square inch, the minimum 
thickness of tubes is given by 

P is working pressure in lbs. per square inch. 

d is external diameter in inches. 

t is thickness in lOOths of an inch, 

P = 65 for the two rows of tubes next the fire and round the 
gaps formed in the nests of tubes for the outflow of hot 
gases from the fire. 

P = 75 for all other tubes, including superheater tubes. 

For pressures above 250 lbs. per square inch up to 650 lbs. per 
square inch, and a designed steam temperature not exceeding 
750° Fahr., the minimum thickness of tubes is as follows:— 

For the two rows of tubes next the fire and round the gaps 
formed in the nests of tubes for the outflow of hot gases from 
the fire, 

For all other tubes, including superheater tubes, 

The maximum thickness of any tube is not to exceed 1 S.W.G. 
(0-3 inoh). 



Man-holea.—The principal man-hole in a boiler should be 16 
Inches in diameter if round, and 16 inches by 12 inches if oval. 
The joint for the cover should be a faced joint. The stand-pipe 
should be wrought steel. The cover for a circular zuaii-hole 
16 inches in diameter is generally secured by 16 bolts { inch or 
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1 inch in diameter, and the cover is J inch or 1 inch thick. Man¬ 
holes in the ends may be from 14 inches by 12 inches to 15 
inches by 11 inches. Mud-holes and sight-holes are from 6 
inches by 4 inches to 9 inches by 6 inches. 

Safety-valves {Board of Trade and Lloyd's Buies).—At least 
two safety-valves are to be fitted to each boiler. They are to 
be arranged so that the springs and valves are cased in, that the 
valves cannot be overloaded when steam is up, that they can be 
Hfted by easing gear, and turned round on their seats by hand, 
and in case of fracture of springs they cannot lift out of their 
seats. Easing gear is to be arranged to lift all the safety-valves 
on a boiler together, and is to be workable from some accessible 
place, free from steam danger. 

Vertical boilers having 100 square feet, or more, of total 
heating surface are to be fitted with two safety-valves each not 
less than 1*5 inches diameter; those having less than 100 square 
feet may have one valve not less than 2 inches diameter. 

All the safety-valves of each boiler may be fitted in one chest, 
which is to be separate from any other valve chest and is to be 
connected direct to the boiler by a strong and stiff neck, the 
passage through which is to be of not less cross-sectional area 
than one-half the aggregate area of the safety-valves in the chest. 
Each safety-valve chest is to be provided with a means by which 
it can be drained; the drain-pipe is to bo led to the bilge or to a 
tank, clear of the boiler. 

The minimum aggregate area of the safety-valves of the 
ordinary type for saturated steam fitted to each boiler, whether 
coal fired or oil fired, and whether working under natural, forced 
or induced draught, is to be found by the following formula:— 

T.H.S.x^ 
^“(p-{-15)x4*8' 

A is aggregate area of safety-valves in square inches. 
T.H.S. is total external surface, in square feet, of the tubes 

and other parts of the boiler exposed to heat, so as to cause 
evaporation. 

p is working pressure in lbs. per square inch. 
E is estimated evaporation in lbs. per square foot of heating 

surface (T.H.S.) per hour with a minimum of 6. 
For superheated steam, the aggregate area of the safety-valves 

is to be 

Ag is aggregate area of the safety-valves for superheated steam 
in square inches. 

T is degree of superheat in degrees Fahr. 

X 
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An approved type of safety-valve of equally good and reliable 
design may be fitted in lieu of those described in the Rules. 

In the case of high lift safety-valves of approved type, the 
aggregate area of safety-valves, as calculated from either of the 
above formulae, may be reduced by not more than 60 per cent. 

The waste-steam pipe and the passages leading to it are to 
have a cross-sectiond area not less than 1*1 times the combined 
areas of the safety-valves given by the formula. 

All safety-valves are to be set to the required pressure under 
steam. During a test of 15 minutes with the stop valves closed 
and under full firing conditions the accumulation of pressure 
is not to exceed 10 per cent, of the loaded pressure. During 
this test no more feed-water should be supplied than is necessary 
to maintain a safe-working water level. 
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STEAM-ENGINES. 

Indicated Horse-power.—The term “indicated horse-power” 
denotes the power developed in the cylinder of an engine. 

/>=: diameter of cylinder in inches. 
^1 = diameter of f)iston-rod in inches. 
<^2 = diameter of tail-rod in inches. 
A = nominal area of piston in square inches. 

= -7854ZA 
.41 = effective area of front of piston in square inches. 

= -7854(Z)’-‘-(/’)• 
.4.2=effective area of back of piston in square inches. 

= -7854(/>=-rf.])- 
Pi=mean pressure on front of piston during the backward 

stroke in lbs. per square inch. 
|)i = mean pressure on front of piston during the iorward 

stroke in lbs. per square inch. 
Pa = mean pressure on back of piston during the forward 

stroke in lbs. per square inch. 
p2 = mean pressure on back of piston during the backward 

stroke in lbs. per square inch. 
// = length of stroke of piston in feet. 

iV’= number of strokes per minute = twice the number of 
revolutions of the crank shaft per minute. 

iS=mean speed of piston in feet per minute = ZiV. 
/.fir.P. = indicated horse-power. 
The mean total effective force on piston during the backward 

stroke is AiPi - A>^. 
The mean total effective force on piston during the forward 

stroke is A aPa - A jpi. 
The mean total effective force on piston during two consecu- 

live strokes is 

Pi-Pi and P^-pi are the mean heights of the indicator 
diagrams taken from the front and back ends of the cylinder 
respectively, these heights being measured by the pressure scale. 

Let Pi -7)1 = $1, and P^-p^-Q^ then, 

j ff p 
* * ‘ 2x33000 
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If the areas of the piston-rod and tail-rod are neglected, and 
if — then, 

jjjp ^PLAN jm^WPLN^'l^mPPS 
33(XX) 33000 33000 

The error introduced tlirough neglecting the area of the piston- 
rod (when there is no tail-rod) is to make the LH.P. from J per 
cent, to 4 per cent, too large in extreme cases. If there is a 
tail-rod, and its aiea is also neglected, the error will be nearly 
doubled. 

If an engine has more than one cylinder, the total LH.P, of 
the engine is the sum of the LIJ.P.’s of the separate cylinders. 

Diameter of cylinder^ 

Mean Piston Speed. 'J'he following table gives speeds of 
pistons to be met with in ordinary steam-engine practice:— 

Class of Engine, 

Ordinary direct-acting pumping engines (non- 
rotative). 

Ordinary horizontal engines .... 
Compound and triple expansion engines 
Ordinary marine engines .... 
Locomotive engines (express) 

Mean Sjpeed of 
I’iston in Peet 

per Minute. 

90 to 130 
200 to 400 
400 to 800 
400 to 650 
800 to 1500 

For locomotive engines />"— 
56-02 ML 

D ' 

, where /S=mean speed of 

pistons in feet per minute, il/=: speed of train in miles per hour, 
// = stroke of pistons in feet, and i>= diameter of driving wheels 
in feet. 

y Clearance and Clearance Volume.—Clearance in engine cylinders 
is the linear distance between the piston and the cylinder cover 
or cylinder end when that distance is least. The amount of the 
clearance varies with the size of the engine, being about | inch 
in small engines and J inch in large engines. In horizontal 
engines the clearance is generally the same at both ends of 
the cylinder, but in vertical engines the clearance at the lower 
end is usually about one and a half times the clearance at the 
upper end. 

Clearance voliime is the volume of the space between the piston 
and the valve when that space is least—that is, when the piston 
is at the beginning of it.s stroke. The clearance volume is gene¬ 
rally expressed as a percentage of the volume swept through by 
the piston in one stroke. 
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The following table gives values of the clearance volume to be 
met with in steam-engine practice :— 

Tyj>e of Valve. Clearance Volume 
^ ^ per Cent. 

Ordinary slide valve.5 to 13 
Piston valve.8 to 15 
Slide valve at each end of cylinder . . 3 to 5 
Corliss valves. . . , . . . 2 to 3 

The clearance volume is best determined by filling the space 
with a measuied quantity of water. 

The clearance volume may be determined approximately from 
Y f-an indicator diagram as follows ; 

Select two points P and Q on the 
expansion curve or on the compres¬ 
sion curve. Draw the rectangle 

PR being parallel to OX, 
the line of no pressure. Produce 

X the diagonal JIS to meet OX at 0. 
Then, \i AB represents the volume 

swept through by the piston in one stroke, OA will represent 
the clearance volume. The result will be exact if the curve PQ 
is an hyperbola. 

Theoretical Diagram of Work in a Steam Cylinder.—A i5 = 
length of stroke or volume swept 
through by piston during one 
stroke, 

OA = clearance volume to same 
scale. 

AC=initial steam pressure (ab¬ 
solute) on piston. 

CD is the steam admission line, 
and D the point of cut off. 

DNE is the expansion line, which is usually assumed to be 
a rectangular hyperbola, axes OX and OY. 

The exhaust opens and the pressure falls from E to P. 
During the return stroke the exhaust pressure is shown by the 

height of FlI above OX. At H the exhaust closes and com¬ 
pression begins, the back pressure rising from // to K. The 
compression line IIBK is assumed to be a rectangular hyperbola, 
axes OX and OY. 

The curves DNE and lllSK may be drawn by means of the 
construction given on p. 155, or points may be obtained by 
calculation, thus 

OLkLD OQxQM ,j^_OqxQH 

~ OB * OB ’ OA 
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If the compression curve is required to rise to <7, then 

The area of the diagram CDEFHK represents the work done 
during one stroke of the piston, and its average height represents 
the mean effective pressure on the piston during one stroke. 

The Curve PV^ constant.—If is a curve such that the 
co-ordinates P and T of any point Q in it 
satisfy the condition = constant, then 
the area of the figure KLMN bounded by 
two ordinates, a part of the curve and a 
part of the axis OX, is given by the for¬ 

mula, area = 
PyV^-P.y. 

n - ] Also, since 

P-i 

For saturated steam n = i^, or more exactly 1*0646. 
If n = l, the curve KQ,L is a rectangular hyperbola and the 

above formula fails ; in this case, area KLMN^Pj Vi log,. - 

Theoretical Mean Pressure of 
Steam used Expansively. — The 
steam is assumed to expand ac¬ 
cording to Boyle’s law, namely, 
P F= constant. 

As before, A A=length of stroke 
or volume swept through by piston 
during one stroke, and OA = clear¬ 
ance volume to same scale. 

Case I. No Compression or Cushioning, 

Area of DEBL = DL x OL log =DL{OA+AL) log 

Area of CDEFG—d^xQd, DEBL 4 area CDLA - area GFBA, 
OA A- AB 

= DL{ OA-\-AL) log ^DL^ Ah-BF>^ AB. 

OA ATj 

Let AB==l, = DL=AC==Pu BF=^P^, 

Area of VmPO=PJ,{c + r) log ^ ^ + PA - PJ,. 

Mean height of CDEEG-exes. of CDEFQ-^L 

log 
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The logarithms to be used are the Napierian or hyperbolic 
logarithms. 

The following table gives values of qi for various values of 
c and r. 

The nominal ratio of expansion, lt~~. 
r 

1-fc 
expansion is equal to 

r ] c 

The actual ratio of 

Point of Ratio of 
Clejiraiice Volume, c. 

Expan¬ 
sion. 

Ji. 
•00 •02 •01 •06 •08 •12 •14 Cut-off. 

/•. 
Values of 7,. 

•75 n •0G6 •967 •mi •968 •969 •969 •970 •970 
•7 1 s •950 •951 •952 •953 •954 •955 •956 •957 
•() 11 •906 •909 •911 •913 •915 •916 •918 •920 
•5 2 •S47 •850 ' •854 •857 •861 •861 •867 •869 
•4 k •767 •773 •778 •784 •789 •7i»l •799 j •803 

•3 ' -661 •671 •680 •689 •697 •705 •712 •719 
•25 4 ! -597 •609 •620 i •631 •641 '651 •660 •668 
•2 5 •522 ’537 •552 •565 •578 •590 •601 •611 
•1 10 •330 •357 1 •381 •103 •423 •441 •158 •474 
•05 20 •2(X) •23H •270 *299 ; 1 -325 j •349 •371 •390 

Case II. With Compression or 
Cushioning. — Cushioning reduces ^ 
the area of the diagram by the 
amount of the shaded area (?IIK, 

and the other letters have 

the same meanings as in Case I. I 
The cushioning diminishes the ^ 

mean effective pressure by the amount Pn{x-{-c) log - P^. 

Hence the mean effective pressure in Case II. 

= pJr+(e + r) log ?+H-/’afl-a- + (a:+c) 
V c r J V c J 

= Piqi P272* 
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Values of gi have already been given, and the following table 
gives values of :— 

Point 
t'learanfo Yolunie, c 

of Coin- 
pression •01 •02 yt •or» •08 •10 •12 •14 

Value of q.. 

*5 ' 2 •.’105 1 2-104 1 1)05 1 *751 1-049 1 -575 1 518 1-473 
•4 2-123 1-!S79 1-0.55 1-537 1-400 1-105 1 303 1-329 
•3 1 ‘705 1-587 1-4-28 1-.345 1 -292 1 -255 1 220 1-204 
'2 1 -430 1 -328 1 2.30 l-l'^l 1-151 1-130 1 111 i 1-102 
T 1-101 1-115 1-075 

1__ 1 -057 1-040 1-039 1 033 1-029 

The mean effective pressure on the piston may also be obtained 
from the theoretical diagram of woik, or from the actual diagram 
drawn by a steam-engine indicator by either of the following 
methods :— 

(а) Find the area of the diagram by means of a planimeter 
or other area-measuring instrument, and divide this area by the 
length of the diagram to obtain the mean height of the figure. 
This mean height multiplied by a factor corresponding to the 
scale of pressures for the diagram gives the mean effective 
pressure. Thus, if the mean height of the diagram is IJ inches, 
and the scale of pressures is 1 inch — 32 lbs. per square inch, 
the mean effective jiressure would be 1| x 32 — 40 lbs. per square 
inch, 

(б) Divide AB, the length of the diagram, into ten equal 
parts, and through the middle yi 
points of these parts draw ordi¬ 
nates across the diagram, as shown. 
The lengths of the parts of these 
ordinates intercepted by the dia¬ 
gram being added together, and 
the sum divided by ten, the result 
is approximately the mean height ^ 
of the diagram from which the mean effective pressure is 
obtained, as already explained. 

Mean Pressure referred to Low-pressure Cylinder in Com- 
|K>imd and Multiple Stage Erpansion Engines.—Neglecting the 
losses due to condensation and wire-drawing of the steam, the 
total work done in the cylinders of a compound or multiple 
stage erpansion engine is the same as if the steam was used in 
the low-pressure cylinder only; the initial pressure and total 
ratio of expansion being the same in both oases. If is the 
absolute initial pressure in the high-pressure cylinder, and Is 
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the absolute terminal pressure in the low-pressure cylinder, then 
the total ratio of expansion is Pi -f 

If now a diagram of work be drawn for the low-pressure 
cylinder with the initial pressure equal to Pj, a ratio of expan¬ 
sion equal to Pi—Pz^ and a back pressure equal to that in the 
low-pressure cylinder, then the mean effective pressure deter¬ 
mined from this diagram is the theoretical mean effective pres¬ 
sure referred to the low-pressure cylinder. 

The actual mean effective pressure referred to the low-pres¬ 
sure cylinder is determined from the formula, 

33000 
where 

P=actual mean effective pressure in lbs. per square inch 
referred to low-pressure cylinder. 

/.P.P. = total indicated horse-power of engine. 
i> = diameter of low-pressure cylinder in inches. 
>V=mean speed of low-pressure piston in feet per minute. 

If P is known, then the diameter of the low-pressure cylinder 
is given by the formula, 

i>=205 lUf.P. 

V ’ 
« X mt . actual mean pressure . „ , 

. Diagram Factor- fhe rat.o theoretlcalmean 

the diagram factor. If, therefore, the diagram factor for a 
particular case is known, and the theoretical mean pressure 
be determined, the actual mean pressure is found by multi¬ 
plying the theoretical mean pressure by the diagram factor for 
that case. 

Examples of Diagram Factors. 

Simple engines working expansively . . *7 to ‘9 
Compound or two stage expansion engines *6 to *8 
Triple expansion engines . . . . -6 to *7 

The diagram factor is higher the greater the expansion ratio. 
It is also higher with jacketed than with unjacketed cylinders. 
Valves such as those of the Corliss type, which open and close 
quickly, cause the factor to be higher than simple slide valves 
driven by eccentrics. 

Compound and triple expansion engines of the Woolf type, 
where there are no receivers, have higher diagram factors than 
those which require receivers between the cylinders. 

In large slow-speed pumping engines with jacketed cylinders 
the diagram factor is sometimes as high as I’O. 

All the above values of the diagram factor are given on the 
assumption that in determining the theoretical mean pressure 
dearance and cushioning are neglected. 
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Determination of Steam Consumption from Indicator Dia- 
^am.—Select a point P on the expansion line near to the point 
of cut-off, and measure the absolute - 
pressure PM at that point. Deter¬ 
mine from the table of properties 
of saturated steam the weight w\ 
of a cubic foot of steam having a 
pressure PM, Select a point Q on 
the compression line, and measure 1 ^ ^ ; y 
the absolute pressure Q_N at that ® ^ N M B 
point. Determine the weight of a cubic foot of steam having 
a pressure QX 

If represents the volume swept through by the piston 
during one stroke in cubic feet, and OA represents the clearance 
volume in cubic feet, then weight of steam in cylinder after 
cut-off = wiX OM^ and weight of steam in cylinder after exhaust 
= W2^0N. Therefore, weight of steam used in one stroke 
= W] X OM- HU X ON. 

If 1”= volume swept through by piston in one stroke, then 

weight of steam used in one stroke = x V 1C2X 7- 
ABl 

The above operations must be repeated on the diagram from 
the other end of the cylinder. The two results added together 
gives the weight of steam used in one revolution, and this 
multiplied by the number of revolutions in a given time gives 
the weight of steam used in that time. 

It is important to note that the consumption of steam deter¬ 
mined as above does not include steam which may have con¬ 
densed in the cylinder before cut-off or in the pipes and 
passages leading to the cylinder. 

Steam Consumption per Indicated Horse-power.—The follow¬ 
ing table shows approximately the weight of steam consumed 
per indicated horse-power per hour in various types of engines 
under ordinary working conditions ;— 

Weight of Steam 
Type of Engine. per I.H.P. per 

Hour, in Lbs. 
Simple non-condensing engines , . . . 22 to 40 
Simple condensing engines, with steam at 60 lbs. 

pressure, and fitted with expansion gear. . 19 to 22 
Compound condensing engines, with steam at 60 

lbs. pressure.18 to 20 
Compound condensing engines, with steam at 100 

lbs. pressure.16Jto 184 
Triple expansion condensing engines, with steam 

at 160 lbs. pressure.13 to 16 
Locomotives, simple.24 to 30 
Locomotives, compound.22 to 27 
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Proi^rtions of High-speed Engrines.—The following formulae, 
given in a paper by Professor John H. Barr, read before the 
American Society of Mechanical Engineers in 1897, are based 
on the dimensions of about eighty engines by thirteen different 
American engine builders. The sizes of the engines ranged 
from 20 to 240 horse-power. The engines here classed as “high 
speed ” have, generally, a stroke of from one to one and a half 
diameters, with a rotative speed of 200 to 300 revolutions per 
minute. 

i>=diameter of piston. 
X=length of stroke. 
A — area of piston. 
//= indicated horse-power. 
P=steam pressure, taken at 100 lbs. per square inch above 

exhaust as a standard pressure. 
r=mean piston speed in feet per minute. 

Zi = length of connecting-rod. 
/>! = diameter of fly-wheel. 
TV = number of revolutions per minute. 
All dimensions in inches and areas in square inches. 

Thickness of cylvider walls to *067>-l- ’3, mean *057)*3. 
AV AV AV 

Area of ports to — , mean 
^ 4500 6500 5500 

AV A V AV 
Area of steam-pipe to-, mean- 

5800 70(X) 6500 

AV 4 r AV 
Area of exhaust-pipe-to ~ mean 

^ ^ 2500 5500 4400 

Width of face of piston ’3/7 to *6i>, mean •46/>. 

Diameter of piston-rod 'VI ^DL to '\1Z sJDL^ mean *145 

Mid section of connecting-rody rectangular, height A, thickness 6. 
h varied from *045 JDLi to *07 ^^ean *057 sJDLi, h varied 
from 2'2h to 46, mean 2*76. 

Projected area of cross-head pin (diameter x length) ’OGA to *11 A, 
mean *08A. 

Length of cross-head pin-^diameter 1 to 2, mean 1*25. 

Projected area of crank pin '17 A to *44 A, mean •24A. 

Projected area of main journal {ox of each of the two journals 
of a centre crank engine) *37A to *7A, mean •46A. 

Lengdi of main joumal-^diameter 2 to 3, mean 2*2. 

Diameter of main journal 6*6^/7-riV to S’S^if-riV, mean 

Average piston speed 530 to 660, mean 600 feet per minute. 
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Weight of reciprocating parts (piston, piston-rod, cross-head, 

and one half of connecting-rod) 1,200,0002^ to 2,300,0002;^* 
2)2 

mean l,ft00,000y yr, lbs. 

Weight of fly-wheel rim (lbs.) 650,000,000,000(7/4-i>ii\^) to 

2,000,000,000,000(7/4-/>iA^^). mean 1,200,000,000,000(7f 4/>"iV^')- 

Mean speed of rims of fly-wheels about 4200 feet per minute. 
Weight of engine (including fly-wheel) 100/7 to 135/7, mean 

115/ribs. 

Cylinder Barrels and Cylinder Liners.— 
7*1:: maximum steam pressure in cylinder in lbs. per sq. inch. 
/>=internal diameter of cylinder in inches. 

thickness of cylinder barrel in inches. 
ti = thickness of cylinder liner in inches. 
The following formulae agree with the average results given 

by the rules of a considerable number of authorities:— 

‘=3500+ 

DP 
<1= .7r>r.v + i inch, for a cast-iron liner. 

^1=-—^ + t inch, for a forged steel liner. 
5000 

Messrs. Seaton and Rounthwaite give the following rules in 
their pocket-book for marine engineers:— 

/>(P-f-60) 

~6000 +'“” 

i>(/'+50) 
‘=“6000“ + '^“ 

** I 6000 > 

^ 1 6000 

-f ’2 inch, for cylinders fitted with liners. 

+ '4 inch, for cylinders without liners. 

+ ‘35 inch, for cast-iron liners. 

+ *3 inch, for forged steel liners. 

The annexed illustration shows a com¬ 
mon method of securing the liner to the 
cylinder. The liner has an internal flange 
at one end, which is bolted to the front 
end of the cylinder. 
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Cylinder Covers.— 
i>=diameter of cylinder in inches. 
P=greatest steam pressure in cylinder in lbs. per square 

inch. 
^ = thickness of metal in inches. 

Single dished cast-iron covers, Fig. (a). 

t= + iinch. 
400 

Double cast-iron covers, Figs, {b) and (r). 

DJP 

5(K) 
+ -I inch. 

Depth of cover -t/ — 5< to 7^ 

Cast-steel covers, single thickness, ivith ribs, Figs, {d) and (e). 

'= 5(10 

Number of radial ribs="^ + 4 (roughly). 

Large cylinder covers generally have man-holes, as shown at 
{d) and (c); these vary in diameter from 14 inches to 20 inches. 

The inside face of a cylinder cover or cylinder end is generally 
of the same shape as that of the piston, in order that the clear¬ 
ance volume of the cylinder may be as small as possible. 

The steam port is generally formed in the cylinder, as shown 
in Fig. (c); but a shorter cylinder and a saving of weight is 
obtained by forming the port in the cylinder cover, as shown in 
Fig. id). 

Flanges of Cylinder and Cylinder Cover. —Thickness of 
flange = 1*2 to 1*4 times the thickness of the cylinder barrel. 

Distance from centre of bolts or studs to outside of flange 
not less than inch, and not more than IJd, where d is the 
diameter of the bolts over the threads^ in inches. 
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Bolts for Cylinder Cover.— 
t^=nominal diameter of bolts in inches. 

di=diameter of bolts at bottom of screw thread in inches. 
n = number of bolts. 
/= stress on bolts in lbs. per square inch of net section. 

diameter of cylinder in inches. 
/^=maximum pressure of steam in cylinder in lbs. per square 

inch. 

d\nf=I>-‘P,-AnA d, = n 

f should vary with the diameter d, and may be taken equal to 
4000cf, but should not exceed 0000. 

Bolts of less than f inch nominal diameter should not be 
used for cylinder covers. 

In practice d generally varies from to t, where t is the 
thickness of the flange. 

The pitch of the bolts may be from 4 \/d to 6 Jd. 

Ar^as of Steam pipes, Ports, and Passages.—Let V be the 
mean velocity of the steam in feet per minute, A the area of 
the pipe, port, or passage at right angles to the direction of 
flow, in square inches, D the diameter of the piston in inches, 

and its mean speed in feet per minute. Then A — 
' V 

If the pipe, port, or passage be circular, and of a diameter d inches, 

then and 
1 'Y f 

The following table gives the values of V usually taken in 
different cases:— 

Main steam-pipes. 
Exhaust pipes, ports, and passages 
Stop and throttle valves . . . . 
Steam ports and passages .... 
Steam port opening. Ordinary slide valve. 
Steam port opening. Quick cut-off valve , 

5000 to 8000 
4000 „ 6000 
4000 „ 6000 
4000 „ 7000 
6000 „ 9000 
9000 „ 12000 

Jet Condensers.—The total heat contained in 1 lb. of steam, 
as it leaves the low-pressure cylinder of a condensing engine, 
is about 1138 B.T.U, above that contained in 1 lb. of water at 
32® P., and the weight of water required to condense this steam 

is where Tis the temperature of the hot- 
JL 2 t 

well, and (the temperature of the injection water. T is osiudly 
from 100* to 120*. 
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Tempera¬ 
ture ol 

Hot-well. 

Correspond¬ 
ing Rack 

Temperature of Injection Water, Deg. Fahr. 

Pressure in 
('ylincler. 40 50 60 1 70 80 90 

Ratio of Weight of Injection Water to Weight 

Deg. Falir 
Lbs. per 

Sq. Inch. 
of Hteam. 

100 0-94 17*8 21*4 1 26*8 35*7 53*5 107-0 
110 1*27 15*1 17*7 1 21*2 26 5 35*3 53-0 
120 i 1 -(IS j 13-1 15-0 ' 17-5 21-0 26*3 36-0 
1.30 1 2-21 i 11-6 13-0 14*9 ' 17*3 20*8 26*0 
140 2-h8 1 10*3 11-4 ’ 12*9 14*7 17*2 20-6 

The volume of a jet condenser is usually proportioned accord¬ 
ing to the volume of the low-pressure cylinder. Many authorities 
give the volume of a jet condenser as one-quarter to one-half the 
volume of the low-pressure cylinder, but an examination of the 
proportions of jet condensers in a number of recent examples 
of mill-engines showed a ratio of volume of condenser to volume 
of low-pressure cylinder varying from one-half to one and one- 
quarter, the average being about three-quarters. 

W 
The area of the injection pipe is approximately-where 

130 
Tr= weight of injection water required per minute in lbs., and 
A=head of water in feet. 

Illustrations of jet condensers are shown on pp. 615 and 616 
in connection with air-pumps. 

Surface Condeusers.—A surface condenser should be used 
when the cooling water is of such a character as to be injurious 
to the boiler when used as feed-water. The shell of a surface 
condenser is generally either rectangular or cylindrical, and 
may be made of cast-iron, brass, wrought-iron, or steel. The 
tube plates are made of rolled brass. The tubes are made of 
brass and are solid drawn, and they are generally tinned outside 
and inside. They vary in diameter from J inch to 
1 inch, but generally they are f inch in diameter 
outside. The thickness of the tubes is from 16 to 
191.S.W.G. Tubes | inch in diameter are generally 
No. 18 I.S.W.G. (*048 inch) in thickness. 

The tubes are generally secured to the tube 
plates by screwed glands and stuffing boxes 
packed with cotton cord or a ring of thick tape. 
The tubes are placed zigzag, and their pitch, 
measured from centre to centre, may be from 
l‘6(f to l*7d, where d is the external diameter of 
the tubes. 

TMckness of tube plates=diameter of tubes in inches,+2 inch* 
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In the surface condensers of modern triple expansion marine 
engines the amount of cooling surface is from 1‘1 square feet to 

1*5 square feet per indicated horse-power. Professor Whitham’s 

rule for the amount of cooling surface is, 

cooling surface in square feet. 
weight of steam to be condensed per hour, in lbs. 

7^= temperature of steam to be condensed. 
t = mean temperature of circulating water=arithmetical mean 

of the initial and final temperatures. 
L = latent heat of steam of temperature T. 

If T is 135°, and t is about 75°, then iS^= * 

The cooling water in most cases passes through the tubes. 
The amount of cooling water required is determined in the 

same way as for jet condensers, except that it must be noted 
that the temperature of the cooling water as it leaves the con¬ 
denser is not the same as that of the condensed steam. 

i7= total heat in 1 lb. of steam above that contained in 1 lb. 
of water at 32°. 

jZi=temperature of condensed steam. 
i=temperature of circulating water as it enters the condenser. 
=temperature of circulating water as it leaves the condenser. 

1^1 = weight of circulating water (in lbs.) required for each Ih. 
of steam condensed. 

^ g-f32~Ti 
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Circulating Vyimps.—Reciprocating Pumps,—These may be 
either single or double acting, but the latter are more often 
used than the former. 

!>=diameter of barrel in inches. 
/> = length of stroke in inches. 

- n = number of working strokes per minute. 
w ~ total weight of circulating water required per minute, in lbs. 
Then nl)'^L = \\^w. 
The valves should have a clear waterway sufficient to prevent 

the velocity of the water exceeding 450 feet per minute, and 
the pipes should be large enough to prevent the velocity of the 
water in them exceeding from 500 to 600 feet per minute. 

Tliese pumps may be driven by the main engines or by separate 
and independent engines. 

Centrifugal Pumps.—These are alw’ays driven by separate and 
independent engines. 

The velocity of the water in the inlet and outlet pipes should 
not exceed 150 feet per minute, hence the diameter of these 
pipes should not be less than •0H\/?r, where w is the weight of 
circulating water required per minute, in lbs. The diameter of 
the wheel may be from two and a half to three times the dia¬ 
meter of the pipc.s. 

Air-pumps.—The most efficient and most common form of 
air-pump is the vertical single-acting bucket-pump. When it 
is desirable that the air-pump should be liorizontal, it is usually 
a double-acting piston-pump. 

Combined Bucket and 
Plunder Air-pump. 

For a jet-condensing engine the capacity of a vertical single- 
acting air-pump varies from one-eighth to one-fourth of that of 
the low-pressure cylinder. The average of twenty-five examples 
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from recent practice gave the capacity of the air-pump as *18 
of the capacity of the low-2)ressure cylinder. 

Horizontal Double-acting Air-pump and Jet Condenser. 

For a surface-condensing engine the capacity of a vertical 
single-acting air-jiump varies from one-tenth to one-twentieth of 
that of the low-pressure cylinder. The average of a number of 
examples from recent practice gave the capacity of the air-pump 
as one-fifteenth of the capacity of the low-pressure cylinder. 

The capacity of a double-acting pump should be from five- 
eighths to two-thirds of the capacity of a single-acting pump 
for the same work. 

All the above proportions relate to pumps whose buckets or 
pistons make the same number of 
strokes per minute as the piston of the 
low-pressure cylinder. In each case the 
capacity is taken as the area of the 
piston or bucket multiplied by the length 
of stroke 

The annexed illustration shows a form 
of air-pump designed by Mr. Frederick 
Edwards. This pump is single-acting, 
and has no foot or bucket valves. A 
similar design is used by Messrs. Bates 
and Co., Sowerby Bridge, in their hori¬ 
zontal mill-engines. 

Air-pump buckets need not be pro¬ 
vided with packing rings. If packing 
is used, the ordinary rope-packing is 
the best. On this point Mr. Michael 

Longridge, in his report to the Engine and Boiler Insurance 
Company for the year 1896, remarks that the cause of failuies 
of air-pump arrangements is the vicious practice pursued by 
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many makers of fitting the buckets with brass packing-rings, 
which rapidly wear out and break; and he adds that these rings 
are utterly useless, a plain bucket without any packing whatever, 
or a bucket or plunger packed with rope, being as effective as the 
most elaborate system of metallic rings and springs. 

Air and Oironlating Pomps for a Marine Bngine, 
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Slide Valve.—The diagrams (1) to (9) below show the relative 
positions of the slide valve and the eccentric which drives it, as 
the latter revolves. The effect of the obliquity of the eccentric- 
rod IS neglected. 

(1) Valve in its middle position. 
(2) Valve just about to open to steam. 
(3) Valve open to steam by an amount equal to the ** lead.” 
(4) Valve full open to steam, and at one end of its traveL 
(6) Steam just cut off. 
(6) Valve returned to its middle position. 
(7) Valve just about to open to exhaust. 
(8) Valve at other end of its traveL 
(9) Exhaust just cut off. 
a=outside lap. c == inside lap. 
d ss lead. <3= width of steam port 
es width of exhaust port. /^maxitnhm openiiig to st^tan* 
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r=radius of eccentric. 6=angular advance of eccentric. 
6=width of bar between steam and exhaust ports. 
Travel of valve = 2?* = 2(a +/). 

sin 0 = c should not be less than 2r ~ h. 
r 

The illustration below shows transverse and longitudinal sec¬ 
tions of a steam cylinder fitted with the ordinary simple slide valve. 

Zeuner's Diagram for a Simple Slide Valve.— 
A = travel ot vahe. 
0A= radius of ec¬ 

centric. 
0€ is perpendicular 

to 
Angle COE = angle of 

advance of eccentric. 
EO is produced to 

A", and circles are de¬ 
scribed on OE and OK 

as diameters. 
0a = outside lap of 

valve. 
a6=:lead of valve. 
Angle 06^=90". 
kkc is an arc of a 

circle, with centre O 
and radius =0a. 

pqr is an arc of a 
circle, with centre 0 
and radius=inside lap 
of valve. (If inside 
lap is negative, points 
t and p are on circle 
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OL^ OFy Oily and OJ) are positions of crank of engine, when 
Bteam is admitted, when steam is cut off, when exhaust opens, 
and when exhaust closes, respectively. The probable indicator 
diagram is shown at the bottom of the figure, the effect of the 
obliquity of the connecting-rod being neglected. 

The line FL touches the arc hkc at k. FL is also perpendicular 
to OE, A perpendicular Be on FL is equal to ah the lead. 

Governors.—The Common Gover¬ 
nor. (See also p. 237.) 

A = speed of rotation in re¬ 
volutions per minute 
when the height = /». 

/i = height in feet when the 
speed = N. 

A^i = speed of rotation in re¬ 
volutions per minute 
when the height = 

Ai = height in feet when the 
speed = 

2^36-3 
A- * 

/A ' 

A = h-- 
2936-3 

a: * 
54-19 

sihi 
The Porter or Loaded Type of 

Governor.—The illustration shows 
one form of this type. In this 
example (Tyrrel and Deed’s 
Patent) there is a dash-pot in the 
sliding weight to give steadiness 
to the governor. 

P = weight, in lbs., of each 
pendulum ball, 

Q = weight, in lbs., of the cen¬ 
tral weight. 

The proportions of the arms are 
generally such as to make the rise 
of Q twice that of P, then 

/P-f-Q\2936*3 
P ) A^ ' 
4-2936-3 
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More exact Formvlw for Pendulum Qovemors.-— 
tti, tta, and a = minimum, 

maximum, and normal in¬ 
clinations of pendulum- 
rods to vertical. 

/32, and /3 = corresponding 
inclinations of lifting links 
to vertical. 

iVi, N2, and N — speeds of 
governor in revolutions per 
minute corresponding to 
the inclinations ai, ao, and 
a, when sleeve is being 
raised. p 

nj, na, and n = correspond- \ \ 
ing speeds of governor ^ 
when sleeve is being c E 3 
lowered. 

jP = weight, in lbs., of one 
ball plus one-half of the weight of the rod to which it 

is attached. 
Q = weight, in lbs., of the sleeve and sliding weight (if there is 

one) plus the weight of one lifting link. 
i2 = resistance, in lbs., to motion of sleeve due to friction of 

governor and gear. 
Let the governor be in its normal position, and suppose it to 

be rising. 

.^=centrifugal W 

The force 
Q + 

causes a tension in the lifting link = 
Q^R 

2 cos j8* 

Considering the forces acting on the pendulum-rod, and 
taking moments about its point of suspension, the following 
formula is obtained, the linear dimensions being in feet:— 

2936 < {Q,^-R)a sin (a + jS) ) 
^ + « sin a ■ 2Pl cos tt'cos jS [ ’ 

The angle p is dependent on the angle a and on the dimen^ 
sions a, b, c, and d, and it is obtained from the formula, 

. d -c-\-a sin a 
«n^= • - j— . 

Generallj c = d, o = i, and a=^, then, 

2936 tan o/^, , (Q + fi)a\ 
dlT^V-^ -PT-)- 
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In the porter governor Z=a. 
In the crossed arm governor d is negative. 
To find 71^ change R into - Ry in the above formulae. 
To find change a into aj, and ^ into 

To find change a into a^t and ^ into ^2* 
To find nj, change a into ai, jS into and R into - R. 

To find 71*2, change a into aj, into and R into - R. 

The diagram ABDC is the speed diagram for the governor. 
AB — lift of sleeve. AC = Ni, AE— rii. BD — N2 BF ~ 712. 
BL=^N, IIE=n. 

The mean normal speed of tlie governor is and this is 

practically the speed obtained from the formulae above when R 
is made = 0 

Steam-engine Fly-wheels. 

W = weight of wheel, in tons. 2? = radius of gyration, in feet, 
N=meaii speed; Aj =max. sjieed; A2— min. speed, in r.p.m. 
(Aj -A2)/A = 1/71= coefficient of fluctuation of speed. 
// = indicated horse-power of engine. 
r=ratio of the work to be stored up by fly-wheel, in changing 

its speed from the minimum to the maximum, to the 
work done in one revolution. 

43257Hm 

^ “* Rm^ * 

Approximate Values of r. 
For single cylinder condensing engines— 

Point of cut-off =1 J J J J J 
r= 125 -163 -173 178 -184 *191 

For single cylinder non-condensing engines— 
Point of cut-off =1 J J J J 

f= 125 -16 -186 -209 -232 
For two similar engines working on cranks at right angles to 

each other on the same shaft, the value of r is about one-fourth 
of its value for one engine. 

Approximate Values of n. 

Pumps, and shearing and punching machines 20 to 30 
Flour-mills . . . . . , 25 „ 35 
Looms, paper-making machines . . . 30 „ 40 
Spinning machinery.50 „ 100 

The diameter of the fly-wheel is usually from three to five 
times the stroke of the piston. 
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LOCOMOTIVES. 
(By W. J. Reynolds.) 

Locomotive design is influenced by the following conditions:— 

Nature.—Humidity and dryness affect adhesion of the driving 
wheels. Impurities in water supply require extra facilities for 
boiler wash-outs. Lack of water supply calls for extra tank 
capacity. Type of fuel dictates fire-box design. 

Civil Engineering.—British rail gauge is practically standard 
at 4 ft. 8J in., but maximum overall width and height govern 
moving dimensions. Permissible total weight and individual 
axle load are governed by permanent way and underline bridges. 
Inclines and their relation to easier grades affect boiler steaming, 
and radii of curves determine maximum rigid wheel base. Turn¬ 
tables limit the maximum overall length of engine and tender. 

Traffic Department.—Account must be taken of load to be 
hauled, average speed required, and length of run without inter¬ 
mediate stops. 

Mdximum Availability.—Locomotives must be standardised to 
work over the maximum number of route miles, and must be 
capable of a variety of duties to enable them profitably to work 
home, and they must operate on minimum shed hours and 
maintenance. 

Tractive Force.—The power rating of locomotives, unlike other 
prime movers (ships, motor vehicles, etc.), is reckoned in terms of 
tractive effort (T.E.), not horse-power (H.P.). 

Assuming the work done in the cylinders and at the draw-bar 
are equal, then for two, three, and four cylinders respectively— 

Tj) = 
pyp 

'If ' 
Ti>^ 

W^SP 
2'lf 

^ 2D^SP 

where T/) = tractive force at draw-bar in lb., neglecting work done 
in moving engine. 

/)= diameter of cylinder in inches. 
8=stroke of piston in inches. 
P=mea,n effective pressure on pistons in lb. per sq. in. 
Tf=diameter of driving wheels in inches. 

Mean effedive pressure is usually taken at 85 per cent, boiler 
pressure at starting, and varies with boiler pressure, steam-chest 
pressure, percentage of cut-off, and speed of the locomotive. 
With modem locomotives with long travel valves, large steam 
passages, and driven with wide-open regulator and early cut-off, 
the steam-chest pressure and )>oiler pressure are approximately 
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Adhesion of Locomotives.—Adhesion weight is load on driving 
wheels (including coupled wheels). Adhesive force is the sum of 
the forces between driving wheels and rails, along the rails, at 
which slip would begin, and is the maximum possible value of the 
tractive force. Normally adhesive force is greater than tractive 
force. Adhesion may be stated either as an adhesive force in lb. 
per ton of load or as the ratio of adhesive force divided by 
adhesion weight, and this varies from about one-third when rails 
are clean and sanded to about one-ninth when rails are damp or 
greasy. When running it is generally assumed to be one-sixth, 
or at starting, one-fourth. The figures in general use (British 
practice) for adhesion per ton of load on driving wheels 
(Molesworth) are as follows:— 

Ordinary English weather . 450 lb. Coef. 0-2 
Misty (rails greasy) . . 300 lb. Coef. 0-13 
Frost and snow . . . 200 lb. Coef. 0 09 

Permanent way, underline bridges, etc. determine the number 
of coupled axles over which the necessary adhesive weight has 
to be carried. 

Let i2=weight of rails in lb. per yard. 
maximum load in tons per axle, 

N=number of coupled axles. 
r=tractive force in lb. 

Then— 

Maximum load on coupled axles in tons — LN. 

Maximum adhesive force in tons (Coef. 0*2)= 0-2LN, 

= 2240 X0*2LN and N = 

Total weight in excess of the necessary and permissible adhesive 
weight must rest on carrying axles and wheels. 

Weight of Locomotives,—This is a laborious business to calculate 
by estimating the weight of the various components, but in many 
instances the weight can be satisfactorily estimated from the 
known weight of a similar type of locomotive with the necessary 
adjustments for detail differences. To determine the weight to 
be carried on each axle, the longitudinal position of the centre of 
gravity of the total weight carried on the springs must be 
ascertained. The weight of axles, axle boxes, side rods, wheels, 
etc. are the dead weights, and the distribution of these can be 
adjusted. 
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Resistance of Trains.—On straight level track the experiments 
made by Sir Daniel Gooch were used by D. K. Clark to deduce 
the following formulaD:— 

y2 

^ = 240-' 
F* 

F=speed of train in m.p.h. 
ii= resistance of train (only), lb. per ton. 

= resistance of engine, tender, and train, in lb. per ton. 
/=train length in feet. 

With modern heavy vehicles the following formulas are more 
satisfactory:— ^ 

iJ=3.540-ir+0.0015F». ^ = 2-6 4 

{The Engineer^ 10th Febraary 1928.) (Sir J. Aspinall's formula.) 

On inclines the resistance due to gravity may be expressed 
as follows, with + sign signifying ascending and ~ sign 
descending:— 

2240^ m 

* 5280 ~ * 33 
where h = rise of incline in feet per mile. 

G=resistance in lb. per ton. 

On curves.—In American practice it is usual to allow a traction 
of i lb. per ton per degree of curvature to overcome the resistance 
due to the curve. One degree of curvature corresponds to a radius 
of 5730 feet—the radius being very nearly inversely proportional 
to the number of degrees of curvature. 

The maximum load in tons that a locomotive can haul may be 
expressed as— 

^RC+ JIq 

where = draw-bar tractive effort in lb. 
i2iic=rolling resistance on straight level line at constant 

speed in lb, per ton. 
resistance of stock due to gradient in lb. per ton. 

Streamlining.—^The air resistance of a train is proportional to 
the square of the train speed and to its “effective surface,” 
which represents the front of the first vehicle as well as all the 
parts of the train which project beyond. 

P=0 003F* 
where P=air resistance in lb. per sq. ft. 

V ssspeed in miles per hour. 
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The demand for high-speed trains led to the introduction of 
streamlined locomotives, and Sir Nigel Gresley stated that with 
his streamlined Pacifies, hauling the superspeed trains scheduled 
at average speeds approximating to 70 m.p.h. continuously over 
200 to 400 miles, a saving of about 10 per cent, in horse-power 
and 4 lb. of coal per mile was effected. The question is also 
bound up with the necessity of lifting smoke and exhaust gases 
clear of the driver’s cab when locomotives are working with an 
early cut-off. Streamlining effected this satisfactorily. 

Boiler Power.—The locomotive boiler must raise quickly and 
efficiently an adequate volume of steam under all conditions of 
working, withstand a pressure in excess of that at which it nomin¬ 
ally works, and be so designed to transfer the maximum amount 
of the heat generated in the fire-box to the water and steam. 

Boiler power is the ultimate maximum power of any given 
locomotive, and the tractive effort formula is based on the 
assumption that the boiler power will make the rated tractive 
effort effective, and the amount and quality of fuel burned over 
a given distance is the limitation of that power. The rating is 
stated as pounds of fuel per mile. There is no high economy 
standard for this rating as in other forms of steam engine practice, 
as locomotives work under such varying conditions. From 
experimental tests made from time to time it may be assumed 
that 35 to 50 lb. of good coal per mile is a satisfactory average 
for a modern locomotive using superheated steam, correctly 
driven, and with a well-designed front end (i.e, long travel valves 
and large free steam passages). 

The amount of fuel that can be dealt with is rated in terms of 
pounds of fuel per hour per sq. ft. of grate, and the amount of 
heat dealt with is rated in terms of pounds of water evaporated 
per hour per sq. ft. of total heating surface. 

Balancing.—The parts of a locomotive which move relative to 
the frame fall into two classes; those which revolve and those 
which reciprocate. The revolving parts can be fully balanced by 
masses in the wheels, and the degree of balance remains constant 
at all angular positions during rotation of the wheels, but 
reciprocating parts can only act in the plane of reciprocation, 
which for this purpose can be assumed to be horizontal. Neglect¬ 
ing obliquity of the connecting-rod, the reciprocating parts can 
be fully balanced by revolving balance weights in the wheels. 
These revolving masses, however, set up hammer blow on the 
track as the reciprocating forces have no component in the 
vertical plane, but unbalanced reciprocating masses tend to 
shake the locomotive, so the whole matter of counterbalancing 
is a matter of compromise. This position can be met by reducing 
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to a minimum the proportion of reciprocating parts balanced, 
distributing the balance weights evenly amongst the coupled 
wheels, and reducing the weight of the reciprocating parts to the 
minimum by the use of high tensile steels for connecting-rods. 

RODS CONNECTING RODS COUPLING RODS 

111 TQ'M ordinary carbon 
STEEL 

SECTIONS M M B ■ B 
3 CYLDS. 2 CYLDS 2 CYLDS. 3 CYLDS 2 CYLDS. 2 CYLDS. 

8-r e'-r lO'-O' 8'-9' 9-0* 6 -10* 

16*4 27-7 27.1 17-6 25*3 25*4 

British practice is to balance the whole of the revolving and a 
part of the reciprocating masses. The even torque of 3-cylinder 
locomotives enables a great reduction to be made in the balance 
weights, and in the case of the Southern Railway Pacifies the 
reciprocating parts are entirely unbalanced without ill-effects. 

Boiler and Fire-box Design.—The size of the grate is governed 
by the necessity of keeping the firing at a rate at which the 
air stream passing through the fuel resting on the fire-bars can 
ensure complete combustion without unburned fuel being drawn 
through the tubes and up the chimney. The British computation 
averages about 60 lb. coal per sq. ft. grate area per hour. About 
40 to 46 per cent, of the total heat of combustion is retained by 
the fire-box heating surface, and the remainder passes through 
the tubes, of which 15 per cent, escapes into the smoke-box. The 
ratio of evaporative heating surface to grate area varies from 
63 to 67. 

The tubes must be so proportioned and the number provided 
to enable the greatest amount of gas which can be produced by 
the given grate area to be passed without throttling. 

AU-steel fire-boxes are universal in America, but British 
practice is to use copper for the inner fire-box. Higher working 
pressures and consequent increase in fire-box temperature affect 
copper, which loses its elasticity and sets up leakage at the tube 
connections. Steel tubes in copper fire-box plates set up 
electrolytic action. In the Southern Pacific, using a 280 lb. 
per sq. in. working pressure, an all-steel fire-box has been designed 
with a saving in weight of IJ tons. 

Calculations for Heating Surface and Grate Area.—(a) Tubes,— 
The outside area of both flues and tubes to be taken and calculated 
on uniform diameters. Length to be reckoned between tube plates. 
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(b) Superheater Elements.—The inside area to be taken and 
the length both to and from the smoke-box end of the flue. 

(c) Fire-box.—The outside area of the inner box plates to be 
taken. Allowance must be made for fire-hole ring, foundation 
ring, and tube openings. No allowance is to be made for stays. 

(d) Smoke-box Tube Plate,—Not to be included in the area. 
(e) Orate Area.—This is measured between the inner fire-box 

sides at top face level of the grate. 
Stays.— The flat sides of the inner and outer fire-box require 

to be stayed to prevent distortion. This area in a modern 
locomotive is about 100 to 120 sq. ft. The pressure load may be 
as high as 1200 tons, while the crown may have to withstand a 
downward pressure of as much as 820 tons when the boiler 
pressure is 250 lb. per sq. in. The pitch of the side fire-box stays 
varies between 3i in. and 4 in., that is about 9 stays per sq. ft., and 
they number anything from 1000 to 2000 in the latest express 
engines. Direct staying is preferable to the girder type, which com¬ 
plicates washing out. Stays are made of copper, steel, or monel 
metal, and the maximum stress in any material should not exceed 
6000 lb. per sq. in. Experiment has shown that, with copper stays 
screwed and riveted, the plates show the first sign of bulging at 
an approximate pressure of 615 lb. per sq. in. with complete 
failure at 1600 lb. per sq. in. The barrel is stayed with a few 
longitudinal stays between smoke-box and fire-box front plate. 

Injectors.—To overcome the pressure within the boiler and 
feed water into the boiler, the water must acquire kinetic energy 
and pressure energy. 

A locomotive boiler will evaporate 3 to 7 tons of water per hour 
according to the size, and this must be replaced by the injectors. 

Velocity is obtained by a steam supply admitted to a cone, the 
diameter of which is progressively reduced so that the steam 
obtains a high velocity. Having attained a high velocity, it is 
discharged into a conical water space which surrounds the steam 
nozzle and is condensed. The steam by its velocity has already 
imparted sufficient impetus to the water and condensed steam to 
overcome the boiler pressure. The condensation of the steam 
induces a vacuum sufficient to lift the water supply a reasonable 
height. The steam attains a velocity of about 1700 ft, per sec. 
(1160 m.p.h.) according to boiler pressure, and carries forward 
about 12 times its own weight of water at 131 ft. per sec. (90 
m.p.h.), wliich is sufficient to carry the water into the boiler 
through the clack valve. 

Locomotives are fitted with two types of injector: the Uve 
steam type and the exhaust steam type. The former is worked 
entirely by steam from the boiler, while the latter depends on 
a supply of exhaust steam taken from the blast pipe together 
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with a small supply of live steam. Normally, when the locomotive 
is running, the exhaust injector is always on. The live steam 
combination injector for hot or cold water, at boiler pressure 180 
to 225 lb. per sq. in., will deliver 2350 to 2200 gallons per hour 
(steam pipes 1^ in. diameter and based on an initial feed-water 
temperature of 00° F.). 

The live steam injector augments the initial feed-water 
temperature by 90° to 100° F., and the average boiler steam 
consumption is about 10 per cent, of the total boiler evaporation. 

Thp Live Steam 
Injector. 

A = Steam 
Delivery 
Nozzle. 

B — Combinmg 
Cone. 

C = Delivery 
Cone. 

but the thermal efficiency of the injector nearly approaches 
unity. The exhaust steam injector requires a live steam augment 
of about 2J per cent, of the total boiler evaporation when 
delivering against boiler pressures in excess of 150 lb. per sq. in., 
but in effect it is the simplest form of feed-water heater. The 
Davies & Metcalfe Type H exhaust injector, which is controlled by 
the operation of a single external valve, wiU feed water up to 230° F., 
but the normal temperature ranges from 190° to 200° F. Water 
economy due to return of condensate is 10 to 12 per cent., with 
a similar percentage of fuel economy. To set against these 
advantages the smoke-box vacuum is reduced by about 5 per 
cent. The most convenient location for injectors is beneath the 
footplate on either side of the engine, operated from the cab. 

Safety-valves.—Modern practice is to fit “ Pop ” safety-valves 
exclusively to locomotives, as these give a large fift rapidly as 
soon as they open. The discharge area is directly proportional to 
the diameter of the valve and is taken as Trdi, where d!=valve 
diameter and I =lift. In locomotive design d may be varied, but 
I is regarded as constant. The area of the valve should be directly 
proportional to the grate area and, owing to a decrease in specific 
volume when the velocity of the steam increases as its pressure 
rises, the volume of discharge in a given time varies inversely as 
the pressure. 
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The makers of the “ Ross ’* safety-valve recommend the 
following dimensions for their valves:— 

Grate 
Area. 

Sq. Ft. 

Boiler 
Pressure. 

Lb /Sq. In. 

Ho. and 
Diameter 
of ValTOS. 

In. 

Grate 
Area. 

Sq Ft. 

Boiler 
Piossure. 

Lb./Sq. In. 

No. and 
Diameter 
of Valves. 

In. 

27 175 2x2i 42 180 3x2i 
30 170 2x3 44 200 2x3t 
30 200 2x2J 46 200 2x3i 
35 200 2x3 50 180 3x3 
38 180 2x,3J 50 200 2x4 
41 175 2x4 56 200 3x3 

xG 
On the foregoing data A 

where A =area of “ Pop ” valves in sq. in. 
Q = grate area in sq. ft. 
P=pressure in lb. per sq. in. 

and the average value of a; is 81. 

2^" diam. 3" diam. 4" diam. 

The Ross valves 
are made to a stan¬ 
dard pattern with 
an average height 
of about 11 in,, but 
special designs are 
available from 6J 
in. to 8J in, for use 
when there are 
severe height re¬ 
strictions imposed 
by large modern 
boilers. 

Valve Gears.—Practically all modem locomotives are now 
fitted with radial gears in place of the former link motions. With 
radial gears the lead is constant and must be determined in 
relation to the normal cut-off. Link motions have practically 
no lead in full gear, but the lead is increased as the engine is 
notched up. 

Radial gears give an appreciable saving in weight, improved 
steam distribution, and the elimination of eccentrics which have 
great inertia and excessive friction losses. For inside cylinders 
the link moves through a small angle, and the link trunnion is 
a fixed fulcrum, the movement of the link being derived from a 
single eccentric. The drive is more direct than with link motion, 
but the trunnions must be of more robust construction to stand 
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up to the total reaction of the valve drive. The phase angle 
btitween the main and the return cranks approximates to 90°. 
Walschaert’s valve gear is mainly used in Britain, but is subject to 

Walsohaprb Valve Gear with Return Crank. 

A ~ Return Crank. 
—Radius Rod. 

(? = Cro38hcad Ann. 
= Connecting-rod. 

li — Kcoentric Rod. C — Rn d ius Link. 
B -Combination Lever. F — I’mon Link. 
// - Reversing Arm. J = Reversing Rod. 
L = Link for Inside Cylinder Gear. 

Walschaert Valve Gear with Eccentric. 

I 
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variation in design to suit the requirements of different engineers. 
Churchward (G.W.R,) introduced a single eccentric in place of 
the return crank—the outside valve being driven through a 
rocking shaft. Gresley (L.N.E.R.) incorporated his conjugate 
gear for the inside cylinder of his numerous 3-cylmder engines, 
which is driven conjointly by the two sets of Walschaert’s valve 
gear through two unequal armed rocking levers. The longer 2 to 1 
lever has a fixed fulcrum, and the shorter equal-armed lever has 
a moving fulcrum. 

With Walschaert’s valve gear the motion is obtained by two in¬ 
dependent movements. From the crosshead, a movement equal 
to twice the steam lap plus the lead on either side of the central 
position of the valve is obtained. The remainder of the travel 
which provides the port opening on each end greater than the 
lead is derived from a return crank on a crank-pin, or with inside 
motion, from an eccentric attached to the driving axle. 

An entirely new type of valve gear has been designed by 
Mr. 0. V. Bulieid for the Southern Pacifies. This motion is 
entirely enclosed, and requires no attention between plant 
overhauls. Each of the three valves is operated by independent 
motion, and these three sets of gears are operated by a three-throw 
secondary crank which oscillates its quadrant link by a vertical 
connecting-rod pinned to an arm extending backward from the 
link. Simultaneously it reciprocates the foot of the combination 
lever by a horizontal link pinned to the big-end of the vertical 
connecting-rod. The upper end of the combination lever is 
operated by the quadrant link. The valve rods convey the 
combined motion through a plunger working in a guide to 
the operating rocker shaft. To revolve the three-throw crank¬ 
shaft in phase with the crank-axle a silent rocker chain drive is 
used. The whole of the motion is enclosed and is lubricated 
by flood lubrication by two reversible gear pumps, chain-driven 
from the crank-shaft. 

Valves.—The slide-valve has now been almost entirely super¬ 
seded by the piston type. High superheat and pressures made 
a new type of valve essential, which could be more efficiently 
lubricated and at the same time relieved of the high degree of 
unbalanced pressure on the steam-chest valve face. In addition, 
the “ D ** slide-valve required a large amount of power to drive. 
The piston-valve consists of two pistons attached to one spindle 
with a distance-piece between, securely held in position by a 
castellated nut and split-pin. The valve slides in cylindrical 
liners, with holes cut around the circumference to connect them 
to the steam ports. In modem valves four Ramsbottom rings 
are fitted to each of the pistons, which reduce the bearing surfaces 
and wear. Inside admission valves are usually fitted now. A 
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new method of operating has recently been introduced consisting 
of driving each pair of piston-valves by a rocker in the exhaust 
cavity. No valve spindles are used, enabling the glands to be 
suppressed. 
The rocker is 
placed across 
the cylinders 
and, when 
uncoupled, 
the arm in 
the exhaust 
cavity drops 
clear, allow¬ 
ing the pis¬ 
ton - valves 
to be with¬ 
drawn. 

The chief 

EXTENDED VALVE CHEST 
exhaust front and rear exhaust 

point affect- ^ Typical Modern Cylinder and Piston Valve, 
i n g steam 
flow is length of travel of the piston-valves, which in modern 
British practice varies from 6 in. to 7 in. Wide steam ports 
require a long valve travel, and the diameter of the valve hners 
regulates the number of openings that can be cut in them. The 
valve chest is extended beyond the ends of the cylinder bore, 
giving direct passages between valve ports and cylinder. The 
streamlining of internal surfaces exposed to steam eliminates 
cavities and ledges, which collect carbon deposits. 

Cylinders.—Cylinder castings vary in size and shape to suit 
the particular design. The materials used are pig and selected 
irons and steel scrap mixed in the cupola to produce a hard 
close-grained metal. Cylinders are usually cast separately and 
bored out to the required diameter, and also bored for piston- 
valves. Steam and exhaust ports are accurately machined, 
stud and bolt holes drilled and tapped, studs inserted and covers 
fitted in position. The piston is turned slightly smaller in 
diameter than the cylinder bore. An efficient piston should be 
of sufficient strength to withstand the considerable pressure to 
which it is subjected, and to prevent leakage of steam from one 
end of the cylinder to the other, piston rings are fitted. British 
practice is to fit Ramsbottom piston rings of cast-iron with an 
outside diameter J in. to f in. larger than the cylinder bore, a 
portion being cut away to enable the ends to be pressed together 
and sprung into the cylinder. Two or more grooves are turned 
in the piston block into which the rings fit. The tendency of 
the rings to spring outwards is sufficient to resist the steam 
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pressure. To prevent leakage where the rings have been severed, 
the gaps are staggered and the rings are secured by pegs inserted 
in the grooves to prevent them turning. 

Pistons are made of cast-iron or steel. A clearance space of 
I in. to ^ in. between the piston head and the inside of the 
cylinder cover when the limit of the stroke has been reached, 
compensates for the alteration in position of the rods due to wear, 
and allows for water duo to condensation and for a certain amount 
of steam which is compressed. This compression has a cushioning 
effect, bringing the piston gradually to a standstill before the 
commencement of the next stroke. A strong boss is cast in the 
centre of the piston, which is secured by nut and pin riveted at 
both ends to prevent the nut from working back. The rod is 
maintained steam-tight by gland packings in a stuffing-box. 
Fibrous packings are now giving place to metallic gland packings, 
which are of two main types, viz. those which are maintained 
steam-tight by the end-on pressure exerted by the gland nuts, and 
those by the action of springs fitted inside the stuffing-boxes. 
The modern packing consists of three rings of Babbitt metal. 

Superheating,—Practically all modern British locomotives are 
now fitted with superheater equipment. The temperature of 
steam in contact with water cannot be raised without an increase 
of pressure, but it may be superheated without a rise in pressure 
provided it can expand as heat is added. With the locomotive 
the regulator must be opened and the engine running before the 
steam can bo superheated, because the demand for steam in the 
cylinder enables steam to expand in the superheater. Saturated 
boiler steam at 200 lb. per sq. in. has 124 times the volume of an 
equal weight of water at the same temperature, and is subject to 
a loss of nearly J of its volume, due to condensation between the 
boiler and the cylinder face. To overcome such serious loss 
and still further to increase the work available in each 1 lb. of 
steam, the boiler steam is reheated after it leaves the boiler and 
before it enters the cylinder steam chest. The effect of super¬ 
heating the steam as it passes through the elements at practically 
boiler pressure is to increase its volume, and this volume is 
approximately proportional to the value of the absolute tem¬ 
perature (P.°-f-460°). 

Therefore the volume of any weight of superheated steam at, 
say, 600° F. compared with the volume at, say, 400° F. and at 

the same pressure is 
600-f460 . 
400 -M60* approximately IJ times as 

great. Thus, comparing the temperature and volume of 1 lb. of 
saturated steam at 200 lb. per sq. in. with the corresponding 
values when it is superheated to 700° F. at the same pressure; 
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Temp. 
°F. 

Volume. Heat. 
Ou. Ft. B.Th.U. 

Saturated . 3S2 1 
1 ' 

2 288 1200 

Superheated by 318' F. 700 3-376 1373 

The additional volume of the superheated steam is nearly 
48 per cent., but it requires an increase of 173 B.Th.U., or 
nearly 15 per cent., to heat it. Most of the added heat is given 
up by the steam to heat the walls of the cylinder during the 
admission period, raising the temperature of these walls above that 
at which boiler-pressure steam will commence to condense. 

Assuming 650 -700'^ F. superheat temperature, economies of 
15-25 per cent, fuel and 25-35 per cent, water are achieved. The 
range of operation of locomotives is increased, and under-boilcred 
engines can have their sphere of usefulness extended. 

Superheating is regarded as low or high as follows:— 

Low , . 10-60 F. of superheat. 
High . . above 200^ F. of superheat. 

Below 200° F. of superheat slide-valves can be retained, but 
above this value it is necessary to use either balanced slide-valves 
or piston-valves. The type of lubricant and method of feeding 
must receive special attention. 

Proportions for superheaters are governed by the length and 
diameter of the boiler barrel, but the cross-section area through 
the superheater elements must be greater than that of the main 
steam pipe to allow for volumetric increase and also to allow for 
flow friction. The ratio varies from 1 :1 to 5 :1 of the main 
steam pipe. The superheater reduces the evaporative heating 
surface of the boiler from 25 to 30 per cent. The flues occupy 
30 to 36 per cent, of the total tube heating surface. The super¬ 
heater elements should terminate about 1 ft. from the fire-box 
tube plate. Elements are cold-drawn weldless steel tubes of an 
internal diameter 1 to 1J in., with a thickness of 9 S.W.G. The 
Superheater Co. specification for tensile strength is 20-26 tons 
per sq. in. Headers are made of cast-iron } in. thick except at 
the tube face, which is increased to 1 in. thick. 

Kegulators.—It is essential to use the highest possible steam 
pressure on the pistons. The position of the regulator valve on 
the ports of the regulator head determines how far this can be 
achieved. The valve is governed by the setting and movement 
of the driver’s handle in the sector. The “full open” area 
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through the regulator valve should be equal to the cross-section 
area of the main steam pipe. The area of a 6J-in. diameter main 

(1) Regulator Rod. 
(2) Short Crank Arm. 
(3 and 4) Actuating Levers. 
(5) Starting Valve 
(6) Regulator Head (Top). 
(7) Regulator Head 

(Bottom). 
(8) Main Valve. 

(9) Sprmg. 
(10) Fulcrum Pm. 

Position of Regulator 
Handle. 

Area of Opening. 
Sq. In. 

Percentage of 
Opening. 

J open (from shut) 2 66 8 
I open ( „ „ ) 13-84 42 
1 open ( „ „ ) 24-40 74 

FULL OPEN 33-00 100 
i shut (from open) 30-05 91 
i shut ( „ „ ) 21-93 66 
1 shut( „ „ ) 1 10 46 32 

The tabulated values of the area of the regulator valve opening, 
expressed in sq. in. and as percentages of the steam-pipe area, 
for various positions of the regulator handle, are typical of a 
modem design of regulator valve with 6J-in. diameter steam pipe. 

Smoke-box.—The smoke-box is constructed of steel wrapper 
plates i in. to | in. thick, with an angle iron stiiffener 
3 in. X 2i in. x J in. section at the front tube-plate and a smoke- 
box door f in. thick (dished approximately 4 in.). In modern 
practice its length varies from 6 ft. 6 in. to 8 ft., and is usually of 
drumhead formation and not the horseshoe type as in the past. 
Its cubic capacity should be such that it can maintain a degree 
of vacuum between exhaust beats and modify their intermittent 
character and thereby maintain an even draught on the fire. 
With 3 cylinders the degree of vacuum is lower, but the more 
rapid beats (6 per rev.) compensate for this. The smoke-box 
is a reservoir for the combustion gases before expulsion up the 
chimney, and a receptacle for ash. It houses the blast-pipe with 
blower ring around the top, petticoat and steam pipes, the 
superheater header and in some designs the regulator. Its 
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structural function is to resist the lateral movement of the 
boiler when the locomotive is running. 

Blast-pipes and Chimneys.—The blast-pipe, taken in conjunction 
with the chimney, has a most important bearing on the eificiency 
of the locomotive. High fire-box temperature with a moderate 
draught through the fire is the ideal to be aimed at in design and 
dimensions. Modern practice is to fit a petticoat and a low 
position for the blast nozzle. The area of the opening of the 
blast-pipe should be of a dimension to avoid back pressure in the 
cylinder when the exhaust is heavy, but must retain enough 
energy to carry away the gases when the locomotive is working 
under easy steam. A free passage to the orifice to reduce eddying 
is essential. The minimum height of the true cone inside the blast- 
pipe is 12 in., and branches feeding should be below and directed 
towards the orifice. To improve the blast various types of blast- 
pipe tops are in extensive use. The G.W.R. jumper top provides 
an extra exit for the exhaust when the engine is working heavily. 

The multiple jet divides the exhaust into a number of jets; 
in British practice 5 jets inclined outwards at 1 in 12 are used 
with 2|-in. diameter nozzles, an increase in area over the 
normal 5i-in. orifice of 13 per cent. This achieves a reduction 
of back pressure in the cylinder but entails the fitting of a larger 
diameter chimney and petticoat 2 ft. 1 in. diameter at choke. A 
higher smoke-box vacuum, however, is maintained, notwith¬ 
standing the lower velocity of the mingled gases of exhaust owing 
to the larger surface presented by the multiple jets. 

The “ Kylchap ” has much the same effect as the multiple jet, 
namely breaking up of the exhaust, but consists of branching the 
blast-pipe with two separate chimneys and two petticoats for each 

(L.N.B.R.), 
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of the branches, one above the other and covering the orifice. 
The blast-pipe must be co-axial with the chimney, and the 

orifice should be about 8 in. below the boiler centre line, and the 

<7 = Scat. Multiple Jet Blast-pil)0 

i> —Stops. (Southern llailway). 

area should be such that the mean velocity of the blast will not 
exceed 1000 ft./sec. The area opening of the chimney should 
be 8*6 times the area of the blast onfice, and it should have its 
lowest extremity at a distance from the orifice of about eight 
oi^ce diameters. 

> N/Lubrication.—Cylinder and valve lubrication may be effected 
either by sight-feed lubricators or by the pump type of mechanical 
lubricator. With the latter an atomiser is fitted to ensure that 
the oil is broken up into small globules and carried forward with 
the steam as oil haze, and that a constant film of oil is deposited 
on all working surfaces of the valves and pistons. The sight-feed 
lubricator effects lubrication by feeding the cylinder oil into the 
steam in the regulator-box and thence to the cylinder; the oil is 
displaced through the sight-feed glasses by steam from the boiler 
condensing, forming a vacuum. The feed passes through a 
combining valve, where the oil is mixed with steam from the 
boiler and passes to the smoke-box steam pipes and thence to the 
cylinders. The mixing valve is operated by moving the regulator- 
handle, and is so arranged that oil can also be fed to the cylinder 
when the regulator-valve is shut. Oil reservoirs for big-ends and 
coupling-rods must be large enough for the longest non-stop runs. 
(For a mileage of 300 it should be not less than J pint for big-ends 
and J pint for coupling-rods.) Wire trimmings are more 
economical in oil than worsted trimmings and pads. The wires 
should be of hard steel (120 tons per sq. in. tensile, 13 S.W.G. for 
big-ends and 12 S.W.G. for coupling-rods), and should extend 
within i in. of the journals. The nipples should be of similar 
steel and cupped to trap the oiL 
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Coupled axle-boxes are most satisfactorily lubricated by 
mechanical lubricators, as oil can be introduced at the point of 
maximum pressure, preparation of the engine is simplified, the 
feed is proportional to the speed and is capable of easy adjustment 
should the box heat. When running, the oil pressure is about 
300 lb. per sq. in. Hornfaces absorb about 20 per cent, of the 
total oil fed to the whole box, the consumption being about 
2 oz. per box. 

If gravity feed is used, the oil-boxes should be located on the 
back-plate of the fire-box to maintain the viscosity of the oil 
and make them accessible for replenishment and examination. 
Each box should have flexible connections. 

Wheels and Tyres.—Modern locomotive wheel centres are now 
exclusively made of east-steel, wrought-iron being obsolete. The 
spokes number 3 per foot of the diameter at the rim. The thick¬ 
ness of the metal of the boss is approximately hall* the diameter 
of the axle, and the maximum diameter of the boss is 2 to 2J times 
the diameter of the axle. The rim of the wheel centre is 
rectangular in section, rounded on the inside, about 2 in. thick 
and 3J in. wide, and is turned to gauge for reception of the tyre. 
Tyres are 3 in. thick when new, and are turned slightly smaller 
in diameter on the insiclo than the wheel centres to allow for 
shrinking on after heating, the allowance varying from 1/1200 
to 1/750 times the diameter. Screwed studs in alternate spaces 
are now obsolete, and the more usual practice is to leave a flange 
suitably turned on the inside edge of the tyre and secured to 
the wheel rim by |-in. rivets opposite the centre of each spoke. 
A recent innovation in wheel centres is knowm as the B.F.B. disc 
type, made of cast steel, the web being corrugated with bridge 
pieces, supporting the tyre opposite each corrugation. The weight 
of these wheels is 10 per cent, less than the spoked type. 

A new type of tyre fastening has been introduced in conjunction 
with B.F.B. whereby the contact between rim and tyre is much 
greater. Fixing is effected by heating to 450° F. to expand it 
sufficiently for the inside lip to pass over the driving-wheel lip. 
The tyre material used in the Southern Pacifies is nickel- 
molybdenum-chromium steel, tempered at 600° F. 

Springs.—Both laminated and helical springs are used on 
locomotives. Laminated springs are generally fitted to driving 
and coupled wheels, the number of plates varying with the 
conditions demanded. For a modern express locomotive, 15 to 20 
plates about 5 in. wide by J in. thick is a good average. Helical 
springs of about 11 in. free length and 6 in. diameter of Timmis 
section may be fitted to driving wheels. Bogie trucks are fitted 
with helical springs 10 in. to 12 in. free length, 6 in. to in. 
diameter, Timmis section. Where trailing wheels are fitted, 



682 LOCOMOTIVES 

either laminated or helical springs can be used. Independent 
suspension is usual. 

Examples of inverted laminated springs have been included 
in some modern designs, notably the L.M.S. Pacifies designed by 
Sir Wm. Stanier. 

Brakes.—The energy stored up in a train travelling at 60 m.p.h. 
(88 ft./sec.), assuming the weight of engine and tram to be 300 

tons, is 300 x 88* 

The average resistance to be provided by the brakes to 
bring the train to rest in, say, 1500 ft., neglecting wind resistance, 
etc., is, 3g074 

F = — — = 24 tons. 
1500 

Two main types of brake are in use on locomotives and trains, 
viz. the Vacuum and the Westinghouse. Both are automatic, 
that is, their normal state at atmospheric pressure is “ brakes on.” 
Modern British practice is to use the Vacuum, but abroad the 
Westinghouse finds considerable favour, especially in America. 

A steam brake is fitted to a number of British locomotives, 
both in combination with the Vacuum train equipment and 
separately for engines employed on unbraked goods service. 

The principle of the Vacuum automatic brake is the main¬ 
tenance of a continuous state of exhaustion throughout the 
system to keep the “ brakes off,” and any admission of air, 
intentionally or by accident, results in the application of the 
brakes. For the purposes of this brake a vacuum of 21 in. for 
passenger trains and 18 in. for goods trains is used, with minimum 
values of 18 in. and 16 in. respectively. The system applied to 
locomotives and trains consists of a continuous pipe throughout 
the train in conjunction with brake cylinders and vacuum 
chambers on each vehicle to be braked. The brake cylinder is 
provided with a piston kept in a state of equilibrium by the 
exhaustion of space above and below it. Air admitted to the 
continuous pipe is allowed to exert its pressure on the underside 
of the piston, but not above, and by this means the piston is 
raised 3J to 4 in. and the brakes applied through suitable rigging 
and blocks. 

To create the vacuum an ejector is fitted in the locomotive 
cab, using dry live steam in the form of a jet and exhausting 
into the smoke-box. 

The power employed by the Westinghouse air brake is com¬ 
pressed air which is pumped by a steam pump located on the 
engine. Air is forced by the pump into a main reservoir, passing 
through a reducing valve in the driver’s brake valve into the 
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train pipe to the triple-valve reservoir on each vehicle. The 
application of the brake allows air to enter the train pipe, causing 
the triple valves to move and allowing the compressed air in the 
reservoirs to pass through these valves into the brake cylinder, 
forcing the blocks on to the wheels. When the brake is released 
the reverse action takes place, air flowing from the main reservoir 
into the train pipe and forcing the triple valve to its former 
position. This allows air in the brake cylinder to escape through 
the triple valve into the atmosphere. 

The triple valve is so called because it has three functions: 
(a) to charge the auxiliary reservoir, (6) to apply the brake, 
(c) to release the brake. 

Welding.—Welding was until recently mainly used in repair 
work, but has now become a standard practice in new construc¬ 
tion. An advantage with fabricated units is a saving in weight, 
and Bulleid has introduced an all-steel welded fire-box in his 
Pacific design. Fabricated stretchers are now replacing cast steel. 

The diagram of a standard L.M.S. 2-6-4 tank engine indicates the 
extent to which fabricated components are now being introduced. 

= Smoke-box Door, Bar, and 
Hinged Brackets. 

i?=Front Lamp Bracket. 
O'= Pilling Hole and Manhole Cover. 
D = Sandboxes. 
E—Reversing Shaft. 
F = Driving and Trailing Splashers. 
<7=Tank and Air Vents. 
//=:Pads on Boiler for Studs. 
/ = Sandbox for Sand Gun. 
J = Firedoor Frame. 
^=Ashpan Handles and Support. 

= Fire-box Steadying Bracket and 
Support. 

M-Cab and Bunker. 
Footstep, 

0=Frame Gussets. 
Bogie Frame-end Stay. 

Q=Frame Stretcher at Bogie. 
Rss Frame Stretcher in front of 

Banker. 
^=Tank Support. 

Pick-up shaft. 

Z7 = Handbrake Lever Bracket. 
F = Water Pick-up Shaft Support. 
W=IJreecl\e8 Pipe Support. 

Frame Stretcher behind Fire¬ 
box. 

T=Expansion Angle. 
Z“Ashpan. 

A A =Foundation Ring. 
Frame Stretcher in front of 

Fire-box. 
0(7=Frame Stretcher to Spring 

Link Brackets. 
i)H = Side Tanks. 
£^7=Crosshead Oil-box. 

Radial Arm. 
0(7=Frame Stretcher at Pony 

Truck Centre. 
H//=Front Drag Box to Pony 

Truck Centre. 
Smoke-box Saddle and Frame 

Stretcher with Exhaust 
Branches. 
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INTERNAL COMBUSTION ENGINES. 

{By W, Steeds, B.Se., and B. F, Pattenden, B.Sc,) 

Useful Data —1 cu. cm.—0*061 ou. inch. 1 litre = 1*761 pints. 
1 h.p.-hour = 1414 C.ILU. =2545B.Th.U. 1 C.H.U. = 1400 ft.-lbs. 
lB.Th.U.=778 ft.-lbs. 

An internal combustion (I.C.) engine is one in which ignition, 
and more or less complete combustion, of the fuel occurs inside 
the working cylinder. Such engines may be divided into two 
main groups: 

1. Spark-ignition engines. 
2. Compression-ignition (C.I.) engines. 

In the former, ignition of the fuel is brought about by means 
of an electric spark, while in the latter, which are commonly 
called Diesel engines, ignition is obtained by raising the tempera¬ 
ture of the cylinder contents by compressing them. In engines 
of the Hot Bulb type ignition is assisted by maintaining the hot 
bulb, or some portion of the cylinder head or piston, at a relatively 
high temperature. 

Thermodynamic Cycles.—Thermodynamically there are several 
cycles on which, theoretically, I.C. engines may 
be made to work, the differences between them i 
being in the methods used for adding and V 
abstracting heat from the working fluid, but \ 

only two cycles are of prac- \. ktical importance. In the 
constant volume cycle heat is ^ 
supposed to bo added or j. yy Jj 
abstracted while the volume (a) 
of the working fluid remains 
constant and the ideal indicator diagram is 

v*. } y_I as shown at (a). In what is commonly called 
the Diesel cycle heat is supposed to be added at 
constant pressure and abstracted at constant 
volume and the indicator diagram is as at (6). 

In both cycles the compression and expansion curves are adiabatios. 

Working Cycles.—Two priucipaj working cycles are used, 
namely— 

(1) The four-stroke cycle. 
(2) The two-stroke cycle. 

The Four-stroke Cycle.—This is completed in four strokes 
of the piston as follows. First (outward) stroke, air or air-fuel 
mixture is drawn into the cylinder through the inlet valve or 
port. Second (inward) stroke, the charge is compressed into 
the clearance space in the head of the cylinder. Third (outward) 
stroke, heat having been added to the charge either by injeoting 
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fuel into it or by igniting it, and its temjiorature and pressure 
having been thereby raised, it expands and forces the piston 
outwards; this is the power stroke of the cycle. Fourth (inward) 
stroke, the products of combustion are expelled from the cylinder 
by the inward motion of the piston. The four strokes are usually 
called respectively the induction or suction, compression, firing 
or power, and exhaust strokes. 

The Two-stroke Cycle.—This is used in two ways, namely— 
1. With crankcase scavenging. 
2. With pump or blower scavenging. 

Considering the former, on the outward stroke of the piston 
the charge in the cylinder, having been ignited when the piston 
was nearing the inner dead centre, expands and does work on 
the piston, simultaneously a new charge of either air or air-fuel 
mixture (which had been drawn into the crankcase by the 
previous inward stroke of the piston) is compressed in the crank¬ 
case, its pressure being raised a few pounds per square inch 
above atmospheric. Towards the end of the outward stroke 
of the piston the exhaust port is uncovered, or the exhaust 
valve is opened, and the products of combustion begin to escape 
from the cylinder. Almost immediately the transfer port is 
uncovered, or the transfer valve is opened, and the new charge 
is transferred from the crankcase to the cylinder and completes 
the expulsion of the products of combustion. The inward stroke 
of the piston ensues, the transfer and exhaust ports or valves 
are closed, the new charge is compressed into the clearance 
space of the cylinder, and a fresh charge is drawn into the crank¬ 
case and the cycle is repeated. 

When pump or blower scavenging is used the cycle is essentially 
the same as the above, but the charge instead of being compressed 
in the crankcase is compressed in a separate pump or blower. 
The chief advantages of this method are that a better volumetric 
efficiency is obtained, and hence a greater power for a given 
cylinder size, and that certain lubrication difficulties are obviated. 

Scavenging and aspiration of the new charge into the cylinder 
are sometimes obtained by using the wave effects set up in the 
exhaust pipe on the opening of the exhaust valve or port. 

Compression Ratio (r).— 
v+V 

where the clearance volume (the volume enclosed in the 
cylinder when the piston is at T.D.C.), 

and V=swept volume of cylinder=0*7864d*/ (d=oyl. diameter, 
piston stroke). 

Hence 
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Volumetric Efficianoy {n^),— 

Volume of air drawn into the cylinder, reduced to N.T.P. 

Swept volume of cylinder 

It varies from nearly 1-0 at low speeds down to 0*7 at high 
speeds. Occasionally, due to wave effects in the exhaust pipe, 
it may slightly exceed unity even with natural aspiration. 

Power Rating of Engines,—Definitions and Symbols.— 

I.H.P. = Indicated horse-power = 

B.H.P. = Brake horse-power = 77,^ x I.H.P. 

= Mechanical efficiency = B.H.P./I.H.P. 
p=I.M.E.P.= Indicated mean effective pressure=B.M.E.P./ij,„. 

B.M.E.P. = Brake mean effective pressure = rj,,, x I.M.E.P. 

T=Mean engine torque in lb.-ft. 

iV^=Revolutions per minute. 
n= Number of cylinders. 

Cylinder diameter in inches. 

Piston stroke in inches. 

V = Swept volume of cylinder =0*7864 dH cu. ins. 
IN 

<Sf=Mean piston speed=— feet per minute. 

Then, 

I.H.P. =p X 0*7854 X (fa X ~ X iV^ X x/ 

=0*000001983 pdHNnf 
=pdHNnfl504200 
=0*0000119 pd^Snf 
=:pd^SnflSm3 
^pVNnfl39m0 

where / is a factor which equals 

J for single-acting four-stroke engines. 

1 for single-acting two-stroke or double-acting four-stroke 
engines. 

2 for double-acting two-stroke engines. 

Brake Horee-powet.—B.H.P. 

=0-000190«r3» 
^NTinm. 
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Oorrections to for Atmospheric Conditions.—The 
horse-power an engine develops varies with vat^tions of atmo- 
spherio pressure and temperature, and test results are sometimes 
adjusted to show the horse-power that would have been developed 
under standard conditions, namely, 760 mm. barometric pressure 
and 16® C. temperature. Some disagreement exists as to the 
correct basis on which the adjustment should be made, and the 
following formulae are both used:— 

O •* 0 

B.H.P.. = B.H.P.„xJ-“xV5, 

B.H.P.fl =B.H.P. under conditions of pressure and temperature 
Po and To, 

B.H.P.fl = B.H.P. under conditions of pressure and temperature 
Pa and Ta, 

these pressures and temperatures being absolute. 

(To® C. = 273 + C 0., To® F. = 460 + C F.) 

The second formula is the more commonly accepted one. 
According to Gaigg and Farrar (TruTw. S.A .E., 1934) it is sufficiently 
accurate for temperatures between 0® C. and 30® C., but gives 
erroneous results at higher temperatures. 

It has been suggested (AiUomobile Engineer^ March 1935) that 
the formula should be used to correct I.H.P. and not B.H.P., 
since the mechanical efficiency is unaffected by variations of 
pressure and temperature. This gives 

and the mechanical efficiency 77 ^ ^dl usually have to be estimated. 

Variations of Atmospheric Pressure and Temperature with 
Altitude.—^The American Bureau of Standards uses the formula 

760 
if =5 62000 logio to relate the barometer reading P (milli¬ 

metres) with the altitude H (feet). The standard temperatures 
and densities used by the British Air Ministry are given in the 
gr^hs on p. 688. 

The temperature may be calculated approximately on the 
assumption that it decreases at the rate of 1® 0. per 700 feet 

and 

where 
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up to 15,000 feet, and at V C. per 900 feet from 15,000 up 
to 25,000 feei. Dorand’s formula for the temperature is 

0. = 15 -O-^JOIOS H, the altitude H being in feet. 

ALTITUDE - FEET 

Mechanical Efficiency —This is the ratio, B.H.P./I.H.P. 
and is determined in low-speed engines by taking indicator 
cards and thus deriving the I.H.P., while the B.H.P. is obtained 
either from the brake test or from a shaft dynamometer. In 
high-speed engines the I.H.P. cannot be obtained directly by 
means of indicator cards, unless a Famboro or similar type of 
indicator is used, and the friction horse-power is generally deter¬ 
mined by motoring the engine by means of a swung-field electric 
motor, the assumption being made that the friction under 
motoring conditions will be the same as when the engine is 
running. At full load varies from as low as 70 per cent, up 

to as high as 90 per cent., but for 
I I I I I I TH high-speed petrol engines is usually 

about 80 per cent. The torque re- 
quired to motor an engine varies with 

^ the speed, and the nature of this 
^ « variation is shown in the graph, 

ooo »x» 3000 4000 5000 which gives the mean effective pres- 
sure corresponding to the motoring 
torque at various speeds in a six- 

cylinder engine. The friction horse-power is almost independent 
of the load, and so the mechanical efficiency falls off as the 
load decreases, the example shown in the graph on p* 689 bfdng 
for a Fullagar opposed piston engine running at 200 r>p*in* 
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For the same reason the mechanical efficiency of a supercharged 
engine will generally be somewhat higher than that of an un- 
supercharged engine, and will increase with the amount of boost, 

up to a limit. This is illustrated by the results tabulated below, 
which relate to a Vickers-Armstrong submarine engine of 21-inch 
boro by 21-inch stroke. 

R.P.M. 350 385 400 
Intake pressure, lbs. per 

sq. inch abs. 14-7 18-2 19-7 
I.H.P. 3810 6525 6088 
B.H.P. 3000 4506 5000 
Vm .... 78-8 81-6 82-2 

B.M.E.P in Terms of Torque.— 

B.M.E.P, = lbs. per sq. inch, for single-acting four- 
stroke engines 

= - y ~ for single-acting two-stroke engines. 

Engine Eatings,—For taxation purposes motor vehicle engines 

in Britain are rated according to the R.A.C. formula B.H.P. =— 

where c=2*5 for d in inches and c = 1613 for d in millimetres. 
This formula assumes ^ = 1000 ft./min., = per cent., 
I.M.E.P. =90 lbs. per sq. inch, and these figures are still applicable 
to low-speed stationary and marine engines, but are largely 
exceeded in automobile and aero engines, for which limiting 
values of these factors are S—3500 ft./min., cent., 
I,M.E.P. = 160 lbs. per sq. inch, it being understood that maximum 
values of each factor are not obtained simultaneously. 

The Society of Motor Manufacturers and Traaers formula 
(which is Uttle used} is B.H.P.«0>45 (d-M8)(l + d), and takes 
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the stroke / into account. Motor-car manufacturers sometimes 
designate their cars by the maximum b.h.p. figure, but marine 
and stationary engines are usually rated at the b.h.p. they will 
develop continuously. 

Aero engines have two, and sometimes three, distinct ratings, 
namely—(1) take-off power rating; (2) cruising rating; and 
(3) emergency rating. The first is the maximum power the 
engine can develop for short periods at ground level. The second 
is the power the engine can develop for protracted periods at 
the altitude at which the aeroplane is expected to fly. The 
third is the power the engine can develop for moderately long 
periods, such as might be necessary if failure of one engine of a 
multi-engined machine occurred. The cruising rating is usually 
about two-thirds of the take-off rating. 

Thermal Efficiency (n<).— 

^ Useful work done in time T 
’^^~Heat supplied in same time T* 

both quantities of energy being measured in the same units. 
Air Standard Efficiency.—The thermal efficiency of an ideal 

engine working on the constant volume cycle with air as the 
working fluid, and assuming the ratio (7) of the specific heat at 
constant pressure to that at constant volume to be constant, 

be shown to be given by »;< = 1 - 1 . The value of y is 

usually taken as 1*4. 
Effect of Mixture Strength.—Tizard and Pye (** Empire 

Fuels Report,” Proc, I.A.E., 1923-24) have shown that for all 
ordinary hydrocarbon fuels the theoretical efficiency obtainable 
with the constant volume cycle depends on the mixture strength 
of the cylinder charge. For chemically correct mixtures they 

/ixy.268 
find that= 1 - (- ) , while for 20 per cent, weak mixtures 

== 1 - ( -j . Values of these efficiencies and of the air 

standard efficiency for various values of r are given below. 
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r 10. 12. 14. 16. 18. 20. 

-(■r •6019 •6299 •6520 •6701 •6853 •6983 

1 11
—

 © © 

-4942 •5208 •5421 •5599 •5750 •5880 

/] \0«268 

'-t) 
*4479 •4733 •4938 •5110 •6256 •5383 

Goodenough and Baker (Illinois University) have deduced 

empirical formulae for the value of n in the formula = 1 - , 

giving the theoretical thermal efficiency obtainable with actual 
working fluids* For the constant volume cycle with chemically 

24*6 
correct or rich mixtures n=0-524-, 

for weak mixtures n = 0-3867--, 
a - 35 r 

19*5 0-7 
and for the Diesel cycle n=0-434-, 

a -r r 

where a is the ratio (expressed as a percentage) of the air supplied 
per cycle to the air required for the chemically correct mixture. 

The theoretical efficiency of the Diesel cycle, assuming 7 to 

be constant, is given by 7j, = l ~ 0^^ 0 ‘ ~—where p is 

the cut-off ratio, the ratio of the volume enclosed in the cylinder 
at the end of the constant pressure period to the clearance 
volume (see Fig. (6), p. 684). 

Belative Efficiency.—The ratio of the actual thermal 
efficiency of an engine to the theoretical efficiency of an ideal 
engine having the same compression ratio and using the same 
working fluid is called the relative efficiency, and is useful as a 
criterion of the thermodynamic performance of the engine. The 
ideal engine efficiencies will be those given by Tizard and Pye’s 

/jv 0.*M 

formula 17, = 1 - (~ 1 and tabulated above and on p. 690. 

In practice relative efficiencies range from about 65 per cent, 
to 85 per cent. 

The Tookey Factor.—This was evolved by W. A. Tookey as 
a convenient means of comparing 1.0. engines of various sizes 
running at different speeds and operating on a variety of fuels. 
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It is given by 

HEAT BALANCE IN I.O. ENGINES 

P 
— Tookey factor = 

where 
7) = I.M.E.P. in lbs. per sq. inch, 

and 
Qi = “ Mixture Strength ’ 

cylinder volume. 
in B.Th.U. per cubic foot of total 

_Cal. val. of fuel (higher) x wt. of fuel per min. 

~ (Clearance vol. + swept vol. of cyl.) x w x N/2 ’ 

the clearance and swept volumes being in cubic feet. 
The Tookey factor is related to the indicated thermal efficiency 

thus. 

Indicated thermal efficiency = ^ x 

Combustion Factor.—This was introduced by the Admiralty 
Engines Laboratory, and is defined as B.M.E.P, (lbs. per sq. 
inch) X fuel consumption (lbs. per b.h.p. hr.). 

Heat Balance in I.O. Engines.—Typical figures for this at full 
load are as follows:— 

Heat to b.h.p. . 
Heat to exhaust 
Heat to jackets . 
Heat to friction h.p. 
Heat to radiation, etc 

. 26 to 35 per cent. 

. 40 to 35 per cent, 

. 28 to 20 per cent. 

. 3 to 5 per cent, 
. Remaincfer. 

At lower loads the percentages to exhaust, jackets, and friction 
will of course be greater, but the actual heat flow will be less. 
The heat to friction h.p. is of course ultimately passed to the 
cooling water or is dissipated by radiation. A FuUagar opposed 
piston engine gave the following figures:— 

Heat to b.h.p. 
Heat to exhaust 
Heat to cooling water, etc. 
Heat to scavenge pump h.p. 
Heat to compressor h.p. . 

36 per cent. 
30 per cent. 
28 per cent. 
2- 5 per cent. 
3- 5 per cent. 

All the above percentages 
engine in the fuel. 

are of the total heat supplied to the 

Pressures and Temperatures during the Cycle.—Suction 
stroke.—^With the throttle closed a vacuum of 20 inches mercury 
is possible, but with the throttle wide open the pressure during 
the suction stroke will usually be only 2 to 3 lbs. per sq. inch below 
atmospherio. The temperature at the end of the suction stroke 
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may be somewhat above atmospheric temperature, but for 
calculation of compression pressures and temperatures is usually 
taken as atmospheric. Temperatures lower than atmospheric 
may be obtained when using fuels with high values of the latent 
heat {e.g, alcohol) without pre-heating. 

Compression stroke.—The pressure and temperature at the end 
of tills stroke will depend on those at the beginning and on the 
compression ratio, the tightness of the piston ring seal, and the 
heat losses or gains during the stroke. They can be calculated 
sufficiently accurately for most purposes from the relation 
P V^'^ = k. Assuming atmospheric pressure (14-7 lbs. per sq. inch) 
and a temperature of 15° C. at the commencement, the pressures 
and temperatures at the end of the stroke, as calculated by the 
above formula, for various values of the compression ratio r, are 
given in the table below. 

r . . . 4, 6. 6. 7. I 8. 10. 112. 14. 1C. 18. 20. 

po lb./in.2 . 89l 119 151 1841219 293371 454 540 629 727 
tc^ C. 164 194 220 243|264| 302j334 363 389 412 434 

In some experiments, reported by Day (Proc. Ulech.E.^ 1931), 
on a Diesel engine the first compression when starting from cold 
followed the law PV^'^^^k, the second compression PV^'^^ = k, 
the third = and when settled conditions had been 
obtained the relationship was PV^‘^^ = k. 

Compression Ratios in Actual Engines.—Since the maximum 
thermal efficiency depends on the compression ratio, this is made 
as high as circumstances permit. The value is limited in spark- 
ignition engines by the tendency of the fuel to detonate and, 
except with special fuels, does not exceed 8. It is now rarely 
less than 4. The size of cylinder affects the tendency to detonate 
and so the ratios used with small cylinders are usually higher 
than with large ones. Ricardo gives the following as practical 
limiting values:— 

Cylinder dia., inches . 2-2i 2i-3 3-4 4-6J 
Compression ratio 8 7-5 7 6-5 

Another factor which tends to set a limit to the increase in 
oompression ratio is the consequent increase in the maximum 
pressures attained, which necessitate heavier scantlings through¬ 
out the engine. 

In compression-ignition engines the compression ratio ranges 
from as low as 9 in large slow-speed marine engines with air 
injection up to as high as 20 in small high-speed engines with 
meohanioal injeotion. 
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Maximnm Pressures.—These depend more on the rate of 
pressure rise than on the compression ratio. In spark-ignition 
engines they range from 250 lbs. per sq. inch to 1000 lbs. per sq. 
inch with normal combustion, but may be higher when detona¬ 
tion or pre-ignition occurs. In C.I. engines they range from 
about 650 lbs. per sq. inch to 1200 lbs. per sq. inch. Ricardo 
gives the following as typical of the maximum pressures in 
petrol engines:— 

Comp, ratio 4 5 6 7 8 
Max. press., Ib./in.* 360 490 625 770 930 

The above values will be increased if supercharging is used. 
The table below illustrates this for a petrol engine having a 
compression ratio of 5:— 

Intake press., Ib./in.* abs. 15 22-6 30 34 
Max. press., Ib./in.® abs. . 400 630 940 1050 
B.M.E.P., Ib./in.* . 99 178 258 297 

Maximum Temperatures.—The maximum temperatures at¬ 
tained after the ignition of the charge can be calculated, as 
shown by Tizard and Pye (“Empire Motor Fuels Report,** Proc. 
I,A.E.f 1923-24), allowance being made for dissociation. They 
vary more with mixture strength than with the compression 
ratio, being a maximum with mixtures about 20 per cent, richer 
than the chemically correct strength. The highest value quoted 
by Tizard and Pye is with benzene as fuel, and is 2701° C., the 
compression ratio being 5. With the same fuel, but with a 
compression ratio of 10, the highest temperature is 2760° C. 
approximately, these being calculated temperatures. The flame 
temperature as measured by Lloyd-Evans and S. S. Watts 
(B.A. Rejport, 1934) for a compression ratio of 6 was 2200° C. 
For details as to the calculation of maximum temwratures 
reference should be made to the “Empire Motor Fuels Report *’ 
mentioned above, and to a paper by Hershey, Eberhardt, and 
Hottel in the Tranaaciions of the Society of Automotive Engineers, 
vol. xxxi., 1936. 

Detonation.—If a fuel is tested in a variable-oompresaion 
en^e at gradually increasing compression ratios, detonation 
win, sooner or later, set in, and the characteristic “pinking*’ 
sound it produces will become more and more audible. On an 
indicator diagram detonation is shown by an increased rate of 
pressure rise on ignition and by somewhat increased xnaxitniun 
pressures. Detonation in a given engine will oeeur at diienent 
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ratios with different fuels, but the actual engine design, as regards 
shape of combustion chamber, position of sparking plugs, etc., 
also influences the tendency towards detonation. Many attempts 
have been made to rate fuels according to their detonation 
tendencies, the earliest attempt being that of Ricardo, who 
determined the Highest Useful Compression Ratio (H.U.C.R.) for 
a number of fuels. The H.U.C.R. of a fuel is the compression 
ratio at which the detonation reaches some definite amount. 
The results obtained differ somewhat with differing designs of 
engine and methods of measuring the detonation, and for results 
to be comparable a standard engine and method must be adopted. 
A large number of authorities have agreed to accept as standard 
the engine design and testing method developed by the Co¬ 
operative Fuels Research Committee in America, which engine 
is commonly referred to as the C.F.R. engine (see Trans. Amer, 
8oc. for Testing Materialst 1933). The British Air Ministry, 
however, does not use this engine, and other engines are also 
used by other bodies. Thus the H.U.C.R. values of fuels will 
not agree within closer limits than about + 0-5, unless they are 
obtained in exactly similar engines using the same test procedure. 

Octane Number of a Fuel.—This is used as a criterion of the 
liability to detonation of the fuels used in spark-ignition engines, 
a good fuel in this respect having a high octane number. It is 
the percentage by volume of iso-octane (CgHja) in a mixture of 
octane and heptane (C7H|g) which gives the same detonation 
characteristics in a C.F.R. engine as does the fuel in question. 
Octane does not detonate readily, whereas heptane is prone to 
detonation; and a mixture of the two can be made to match 
any fuel, thus giving the octane number. Other engines than 
the C.F.R. engine, and different test procedures, are used by 
some experimenters; and thus octane numbers, like H.U.C.R. 
values, are not strictly comparable unless they have been obtained 
in similar engines by similar methods. The octane number de¬ 
termined in any engine will not usually differ from that obtained 
with the C.F.R. engine by more than 3 or 4. Although the 
octane number is a reliable criterion of the tendency of a fuel 
to detonate when used in ordinary motor-car engines, considerable 
variations have been found when the fuels have been used in 
aero engines. The C.F.R. octane number tends to be too low 
for fuels having a high proportion of aromatics, these fuels 
performing much better in aero engines than their octane numbers 
would lead one to expect. 

Ignition-lag or Belay Period (C.I. engines).—This is the 
time that elapses between the introduction of the first particle 
oi fuel into the cylinder and the start of inflammation of the fuel. 
It depends upon the nature of the fuel, the degree of atomisation 
and dmxibutien of the fuel spray, the temperature of the cylinder 
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charge, the amount of air swirl, and other factors. In general, 
a fuel having a long delay period will give a poor performance 
and the maximum pressures will be higher than with a fuel 
having a short delay period. 

Rating of Diesel Fuels. — Attempts have been and are 
being made to find some satisfactory method of rating Diesel 
fuels, much as the octane number rates spark-ignition fuels, but 
so far no altogether satisfactory method has been developed, 
although one or two methods are giving quite good results, 
e.g, the Cetane Number^ Aniline-pointy and Diesel Index. 

Cetane Number.—This is the percentage of cetane (Ci^Hg*) in 
a mixture of cetane and alpha-methyl-naphthalene which will 
give the same ignition characteristics in a standard engine as 
does the fuel in question. Originally cetene (CieHgg) was used, 
but cetane has been found to give more consistent results. A 
standard engine and testing procedure have not yet been 
agreed on. 

Aniline-point.—This is the lowest temperature at which a 
mixture of equal parts of a fuel and of aniline will form a clear 
solution. It is considered by many authorities to be almost as 
good an index to the ignition qualities of Diesel fuels as is the 
cetane number. Le Mesurier and Stansfield give the following 
results correlating the aniline-points and the cetene numbers for 
a number of fuels;— 

Fuel No. ... 1. 3. 3. 4. 6. 6. 7. 8. 

Aniline-point (°C.) . 
Cetene number 

740 
70 

71-5 
65 

68-0 
60 

64-5 
55 

61-0 
50 

56-6 
45 

61-5 
40 

45-0 
35 

The Diesel Index.—This is defined as 

Aniline-point (deg. F.) x A.P.I. gravity 

and is considered by some authorities to be the best criterion 
of the suitability of a fuel for use in a Diesel engine. The A.P.I. 
(American Petroleum Institute) gravity is measured by means 
of the A.P.I. hydrometer and the specific gravity is related to 
it thus: 

c_ 141-5 
Sp. ^•"'i3i.54.oa.P.I/ 

Spontaneous Ignition Temperature (S.I.T.).—Apart from the 
difficulty of determining this, it has been found to be unsuitable 
as a criterion of the performance of Diesel fuels except that it 
can be fairly definitely stated that if the S.I.T, is above 300® 0. 
the fuel will not be suitable. 



FUELS FOB I.O. ENGINES 697 

Some idea of the correlation between cetane numbers, aniline- 
points, and Diesel indexes may be obtained from the table below. 

Fuel No. 1. 2. 3. 4. 5. 

Sp. gr., A.P.I. 
Viscosity (Saybolt universal 

36* 1 340 23-1 29-4 45-5 

at 100° F.) . 32 33 53 34 32 
Aniline-point (°F.) . 126-2 119-2 131-5 124-6 152-4 
Diesel index 45-6 40-7 30-3 36-6 69-3 
Cetane number 29-6 39-7 37-7 51-6 51-1 

The fuels were: 1. Straight-run, S. Texas; 2 and 3. Cracked, 
Mid-continent; 4. Straight-run, Mid-continent; 5. Straight-run, 
Pennsylvania. 

Fuels for I.C. Engines.—A great variety of fuels is available 
for use in I.C. engines, but the vast majority of engines use fuels 
consisting of a mixture of various hydrocarbons, the types and 
proportions of the different hydrocarbons varying with the 
different sources from which the crude oils are obtained and 
according to the amount of blending done by the refinery. 
Hydrocarbons can be divided into: 1. Paraffins, comprising 
substances whose composition is represented by the formula 
CnHi.w+2; 2. Olefines and Naphthenes (CnH^n); 3. Benzenes 
(Aromatics) {CnK271-9)^ Alcohol and blends of alcohol with 
petrol are also sometimes used. The chief properties of the fuels 
used in I.C. engines are given in the tables on pp. 698, 699. The 
calorific values are seen to vary considerably, but Tizard and 
Pye have pointed out that for all the liquid hydrocarbons, and 
for alcohol, the heat liberated by the complete combustion of 
1 lb. of air is 720 C.H.U. (1300 B.Th.U.) to an approximation 
of 6 per cent. For all petrols the value is 716 C.H.U. (1290 
B.Th.U.) to an approximation of 1 per cent., and Ricardo has 
suggested that thermal efficiencies should be calculated from the 
air consumptions of engines, on the assumption that any fuel 
supplied in excess of that required for chemically correct com¬ 
bustion is to be debited to inefficiency in carburation or distribu¬ 
tion and not to thermal inefficiency. It follows that 

B.H.P. 

~"lbs. of air per hour x 0* 

where C is 1-96 for petrol and 2 02 for ethyl alcohol. 
Assuming the value of 720 C.H.U. for the heat of combustion 

of 1 lb. of air it follows that 
« . , 1. 1414 X B.H.P. 
Swept volume per cylinder = 

and this formula may be used to derive the major dimensions of 
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Properties of Fuels. —II. Gaseous. 

Fuel. 

V
o
lu

m
e 

p
er

 L
b
. 

a
t 

N
.T

.P
. Oalorific Value 

at N.T.P. 
O.H.U./Ou. Ft. 

Air/Fuel. 

Higher. Lower. Ou. Ft./ 
Cu. Ft. 

Lbs./ 
Lbs. 

Hydrogen, Hg 1780 193 166 2-38 34-3 
Carbon monoxide, 

CO . 12-8 190 190 2-38 2*46 
Methane, CH^ 22-4 594 543 9-52 17*2 
Ethylene, C2H4 12-7 931 890 14*28 14-8 
Town gas 31 170-360 160-330 5*0 12 

Blast-furnace gas . 12-6 60 68 0*78 0*8 

Coke-oven gas 31 313 280 4*5 11*4 
Producer gas 15 80-90 72-82 1 0-1*2 1-2-1-4 

a petrol engine to develop a given horse-power at a given speed, 
suitable values being assumed for the thermal, mechanical, and 
volumetric efficiencies. 

Air/Fuel Ratio.—Finlayson (Proc. I.A,E.y 1924) gives the 

formula ^t>/Ptte/=0-116|c'-f where (7, 11 and 0 are 

the percentages, by weight, of carbon, hydrogen and oxygen in 
the fuel. For hydrocarbons this becomes 0116(C'-|-3P). For 
a hydrocarbon whose formula is CoH^ the ratio is given by 

^ J’ air I fuel ratios are by weight. 

According to the American Bureau of Standards {Report No. 
97), the percentage (by weight) of hydrogen in the hydrocarbon 
fuels used in petrol and Diesel engines is equal to 

26 - (15 X specific gravity at 60° F.). 

Maximum power is generally obtained with mixtures about 
20 per cent, rich, while maximum economy is obtained with 
mixtures between 10 per cent, and 20 per cent. weak. In multi- 
cylinder engines the mixture strength usually has to be richer 
tnan in single-cylinder engines because of variations in the 
distribution to the cylinders. 

Petrol Engines on Producer and Town Gas.—The Fuel 
Research Station at Greenwich have run petrol engines on 
producer gas made from {a) charcoal and (6) low temperature 
coke, the b.h.p. obtained being respectively 90 per cent- and 
70 per cent, of that with petrol. The gases have oalorific values 
of #9 and 72 O.H.U. per cubic foot respectively. When a petrol 
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engine is run on town gas, experiments have shown that about 
120 cubic feet of gas (C.V. 376 C.H.U. per cubic foot) is equivalent 
to one gallon of petrol. One gallon of butane was found to be 
equivalent to about 145 cubic feet of town gas. 

Engines Running on Hydrogen.—The Erren engine is de¬ 
signed to run on hydrogen and oxygon or hydrogen and air 
mixtures. With oxygen the hydrogen consumption per b.h.p. per 
hour is from 30-35 cubic feet and with air from 36-40 cubic feet. 

Exhaust Gas Analyses.—The chemical composition of the 
exhaust gases of engines may be obtained in various ways, and 

can be used as a means of determin¬ 
ing the air I fuel ratio of the cylinder 
charge. In addition to nitrogen the 
constituents of the exhaust from 
engines running on hydrocarbon fuels 
are carbon dioxide, oxygen, carbon 
monoxide, hydrogen, and methane. 
The pcrcenlages of these gases for 
various airlfuel ratios are shown in 
the diagram for a fuel whose com¬ 
position can bo assumed equivalent 
to CgHjyj this is a reasonable as¬ 
sumption for all petrols. According 
to a report (No. 476) of the National 
Advisory Committee for Aeronautics 
(U.vS.A.), the ratio of the'percentages 
of hydrogen and carbon monoxide in 

the exhausts of engines using petrol or Diesel fuels is 0’6L 
Traces of aldehydes are also often found in the exhaust gases. 

Temperature in I.O. Engines.—The hottest part of most 
engines is the exhaust valve, for which temperatures up to 
800° C. have been recorded. Normally exhaust valves run at 
between 600° C. and 750° C. on full load, the highest temperatures 
occurring with approximately chemically correct mixture 
strengths, late ignition, high speeds, and high water-jacket 
temperatures. In high output aero engines exhaust valves are 
frequently cooled by making them hollow and partly filling them 
with a material having a suitable melting-point, sodium being 
often used. Valve temperatures are increased by having large 
amounts of uncooled valve guide, the design shown at (a), p. 705, 
being superior to that at (6) in this respect. Sparking plugs 
also run at high temperatures, values of 650° C. to 800° C. having 
been measured in a petrol engine at 1600 r.p.m. Piston hea£ 
are the next hottest spot, cast-iron pistons running at much 
higher temperatures than aluminium alloy pistons. Tempera¬ 
tures up to 460° 0. have been measured at the centre of cMt*ifon 
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pistons, while in the same engine under the same conditions 
aluminium alloy pistons reached only 240® C. Cylinder head 
temperatures in water-cooled engines may reach 200° C. to 250° C., 
and in air-cooled engines may & as high as 350° C. Aluminium 
and oopper-aluminium alloy heads run at lower temperatures 

their use in 
compression 
and cylinder 
uch superior 

to cast alloys for aero engines, and those parts are now usually 
made as forgings machined all over. 

Horse-power per Litre.—The horse-power per litre figure is 
a quantity that is useful only to compare engines whose designs 
are fairly similar. In naturally aspirated engines for small cars, 
from 20 to 60 b.h.p. per litre may be obtained, and with super¬ 
charging 150 b.h.p. per litre has been recorded. The higher 
values cannot be sustained for long periods, however. In aero 
engines the b.h.p. per litre calculated on the take-off rating 
varies between 35 and 60, but in special engines over 70 b.h.p. 
per litre has been obtained. 

Engine Proportions.—Weights of Engines. (1) Automobile, 
(a) Cars.—From 6 to 20 lbs. per b.h.p., the lower values in small 
sports car engines and the higher in largo engines running at 
comparatively low speeds (2500 r.p.m. max.). Vee-type engines 
show fairly low weights per b.h.p. 

(b) Jjorries.—From 10 to 30 lbs, per b.h.p. Diesel engines are 
usually about 10 per cent, heavier than petrol engines of similar 
design by the same maker, but the difference is becoming less 
and in some cases is already negligible. 

(2) Aero.—From 1-8 to 2 5 lbs. per b.h.p. dry and without 
air-screw. The lower figure is attained in highly developed 
engines, and the higher in low-powered engines for small aero¬ 
planes. 

(3) Marine, (a) Medium speed (600-1500 r.p.m.).—From 
20-80 lbs. per b.h.p. for engines designed for marine purposes. 
Automobile and aero type engines are sometimes used, however, 
and the weights will then be towards the upper limits of (1) or (2). 

(6) Slow speed (80-300 r.p.m.).—From 150 to 400 lbs. per 
b.h.p. A figure of 250 lbs, per b.h.p. is common. 

Great reductions (up to 40 per cent.) in weight can be effected 
in medium and high-powered engines running at moderate speeds 
by the use of welded instead of cast frames. 

Stroke!Bore Ratio.—This lies between 0*9 and 1-8, the lower 
values obtaining in some aero and automobile engines and the 
higher in stationary and marine engines. Many automobile 
engines hi^ye a ratio between 1-6 and 1*6. Rowell {Ei%gineerinff, 

than cast-iron heads in water-cooled engines, and 
place of cast-iron will usually permit the raising of the 
ratio by about one ratio. Forged aluminium pistons 
heads (air-cooled engines) have been found to be m 
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7/3/30) gives the curve shown for the variation of strohelbore 
ratio with the bore. Present tendency in automobile practice 

seems to be towards ratios of about 1’3. 
Connecting Rod!Crank Ratio.—In some 

aero engines this is as low as 2*5, but 
usually it ranges from 3 to 5*5, common 
values being between 3*7 and 4-5. Multi* 
cylinder engines generally have a lower 

^ bore-«»5:m£5 * value than single-cylinder engines. 
Crankpin Diameters.—In petrol engines, 

with the cylinders in line, these are from 0-6Z> to 0-7/> where D 
is the cylinder diameter, in Veo engines from 0-1D to 0*8A and 
in Diesel engines they are from 0-65D to 0*8Z). 

Main Bearings.—These vary from 0-5D to 0*8D in line engines, 
but usual values are between 0-6/> and O llD. In Vee engines 
they are from O SD to 0-871). In Diesel engines they are from 
0*6i) to 0-85A but values below 0-65D are not common. Most 
Diesel engines have a main bearing on each side of every crank 
throw, but four-cylinder petrol engines have two or three, and 
six-cylinder engines often have only four main journals. 

Gudgeon Pin.—Diameter =0-18Z) to 0-4A a common value 
being Q-25D. With pins free to turn in both rod and piston the 
ratio Length of little-end bush/Dia. of pin varies from 1-25 to 2-25, 
and is usually about 1*6. When the pin is fixed in the rod the 
ratio Total length of bearing[Dia. of pin varies from 1*5 to 2-4, 
an average value being 1-75. Loads up to 6000 Ib./sq. in, of 
projected area are used with floating pins, but with fixed pins 
4000 Ib./sq. in. is seldom exceeded. 

Piston Length.—In aero engines this may be as low as 0-76A 
but in most medium and high-speed engines it is about 
Lorry Diesel engines may have rather longer pistons, and in 
stationary and marine engines the piston length may be as 
much as 2-6D. 

Piston Clearances.—The clearances recommended, per inch of 
diameter, by the makers of Covmo pistons are as follows:— 

standard 
Alloy. 

Low-€xpan- 
Bion Alloy. Oast-iron. 

Solid skirt; water-cooled 
engines 0 0014 0*0010 0*0008 

Solid skirt; air-cooled 
engines 0*0022 0*0016 0*0011 

Solid skirt; two-stroke 
engines 0 0028 

Split skirt; water-cooled 
engines 0*0008 

1 

• • 
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The coefficient of expansion of the standard alloy is 0*000023 
per ®C., for the low expansion alloy it is 0*000018, and for cast- 
iron it is 0*000011. 

Piston Ring Gaps.— 
Water-cooled engines, 0*002 inch per inch diameter. 
Air-cooled engines, 0*004 inch per inch diameter. 
Racing air-cooled engines, not less than 0*005 inch per inch 

diameter. 

Piston Ring Clearances.— 

(\) On sides.—Cast-iron pistons, 0*0015 inch- 
Aluminium pistons, 0*0025 inch. 

(2) At back.—0*010 to 0*015 for all sizes up to 6 inches 
diameter. 

Valve Diameters.—These vary from 0-35D to 0*55D, but in 
medium and high-speed engines are usually about 0 4D. Inlet 
and exhaust valves are usually the same in size, but if they are 
not then the exhaust valve is generally the smaller. Stem 
diameters are usually between 0*18 and 0*3 of the valve head 
diameter, an average value being 0*22. 

Gas Velocities.—The speed of the gases through the inlet valve 
ports of car engines at the speed corresponding to maximum 
torque is round about 130 ft./sec., maximum power being then 
obtained at a gas speed of from 200-250 ft./sec. In the other 
parts of the induction system the gas speed at maximum torque is 
about 80-90 ft./sec., except for the carburettor choke, whore it 
is about 230-3()0 ft./sec. These gas speeds are calculated from 
the mean piston speeds and the ratios of cylinder and port areas. 

Valve Timings.—Inlet opening.—In racing motor-cycle engines 
this may be as early as 25° before T.D.C., and in stationary 
engines it may be as late as 6-10° after T.D.C. Common values 
are from 10° before to 6° after T.D.C. 

Inlei closing.—This is usually from 30° to 50° after B.D.C. 
Exhaust opening.—This may be from 60° to 40° before 

B.D.C. 
Exhaust closing.—This varies from about T.D.C. to 16°, or 

sometimes as much as 20°, after T.D.C. 

Ignition Timing.—The ignition timing must be adjusted to 
suit the prevailing conditions of load and speed if the best results 
are to be obtained, and may be from as little as 8° to as much 
as 40° before T.D.C. In practically all automobile engines the 
ignition timing is controlled automatically, partly by a centrifugal 
control which varies the timing according to engine speed and 
partly by a vacuum control, vmich varies the timing accord^ 
to the intake manifold pressure (advancing the timing with 
increasing vacuum), and a hand control may also be fitted. 



704 BEARING MATERIALS 

Bearing Materials.—Bronze is still used occasionally in marine 
engines, but white-metal, lead-bronze, or aluminium alloys 
are almost universal for big-ends and main bearings. White- 
metal, which has numerous compositions (a typical one being 
Sn 87 per cent., Sb 9 per cent., Cu 3 per cent., Pb 1 per cent.), 
is generally used in bronze or steel shells, but in big-ends of 
motor-cars is often cast direct in the connecting rod. Clearances 
of 0*001 to 0*015 inch per inch diameter are used, and oil pressures 
range from 30-00 lbs. per sq. inch. The thickness of the white-metal 
lining varies from as little as 0*015 inch upwards, but 0*020 inch 
is considered preferable as a minimum. For motor-car engines 
the steel shells are sometimes made very thin (0*030 to 0*040 
inch), and are then pressed up from strip. Lead-bronzes are 
commonly used in Diesel engines, and are becoming common in 
oar engines where the duty is severe. A.E.C. use a composition 
of Cu 74 per cent., Sn 1 per cent., Pb 25 per cent., and the 
Ford Motor Co. use Cu 63-68 per cent., Pb 30-35 per cent., 
Fe 0*5 per cent, max., Ni 1-1*5 per cent, in a thin steel shell 
pressed to shape. Clearances of 0*002 to 0 005 inch per inch 
diameter are used. In Diesel engines lead-bronze is often used 
for the rod half of the big-end bearing, and white-metal for the 
cap, partly because of cost considerations and partly because 
white-metal can absorb small abrasive particles better than lead- 
bronze. The main journals also may have lead-bronze lower 
halves and white metal upper halves. Alloys containing cadmium 
and silver have also been used, but not extensively. Various 
aluminium alloys have been developed for bearings, and are 
likely to come into extensive use. High Duty Alloys Ltd., in 
conjunction with Rolls-Royce Ltd., have been responsible for 
this development in England, and much work has also been done 
in Germany. Rolls-Royce use these alloys as standard practice 
in their car engines. They are used without shells and with 
clearances of about 0*0008 inch per inch diameter. Quarzal, a 
German alloy containing from 2 to 15 per cent. Cu and other 
elements in small quantities, is being used in Germany with loads 
up to 2000 lbs. per sq. inch at speeds up to 33 ft./seo. and with 
clearances of 0*012 inch per inch diameter. Case-hardened 
journals are generally used with these alloys, and frequently 
with the lead-bronze materials. According to Fedden a chrome- 
molybdenum steel is the best for case-hardening. An alternative 
to case-hardening is hardening by the Toooo process, this being 
now fairly common practice in motor-car engines. For details 
of this process see the Automobile Engineer for July 1937. 

Checking Bearing Clearances.—This is best done by usmg 
an oversize mandrel, but alternatively the bearing may be 
assembled with cop^r-foil of suitable thickness inserted, the 
bearing being madded nr scraped until it is just morable 
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when tightened up. In large bearings it is usual to employ lead 
wire to measure the clearances. 

Bearing Temperatures.—The actual temperatures of the 
main bearings and crankpins of a petrol engine have been 
measured at the I.A.E. Research Station {Proc. 1938) 
by means of thermocouples inserted into the white-metal of the 
main bearing and into the crankpin respectively. Temperatures 
up to 140° C. were recorded, and when the engine speed and rate 
of oil flow were kept constant the bearing temperatures varied 
linearly with the temperature of the oil at the inlet to the main 
bearing. When the inlet oil temperature and rate of oil flow 
were constant the bearing temperatures varied linearly with 
engine speed. The variation of bearing temperature with rate 
of oil flow followed approximately an hyperbolic law. 

Combustion Chambers for Petrol Engines.—A large number 
of different forms of combustion chamber have been tried for 
petrol engines, but most modern engines use one of the forms 

shown in the illustration. At (a) is shown a turbulent type in 
which the last part of the piston stroke, in forcing the charge 
into the clearance space, produces considerable turbulence in 
the charge, thus producing rapid inflammation when the charge 
is ignited. In the type shown at (6), which is commonly us^ 
Uie turbulence is mucn less than in type (a). Both these types 
are generally used with side-by-side valves but sometimes with 
the exhaust valve in the flat portion of the cylinder head over 
the piston. Types (e) and (d) are for overhead valve engines, 
the former for ordinary oars and the latter chiefly for raoiug 

Z 
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cars and motor cycles. The position of the sparking plug is of 
considerable importance, and should be such that the flame 
travel is from the hottest towards the cooler parts of the com¬ 
bustion chamber, otherwise the liability to detonation will be 
increased. To obtain good volumetric efficiency the incoming 
charge should be kept out of contact with very hot spots such 
as exhaust valves. 

Sparking Plugs.—Two sizes are standardised, namely—the 
18-mm. and the 14-mm.; the pitch of the thread of the 18-mm. 
plug is 1*5 mm. and that of the 14-mm. plug is 1*26 mm. The 
thread form in both cases is the Syst^me International. 

Diesel Combustion Chambers.—A great variety of types 
has been developed for high-speed Diesel engines, but those 
that have survived fall roughly into three groups. These are 
shown in the illustration. At (a) is shown the open type of 
chamber, the injection being direct into the disc-shaped space 
between the piston and cylinder head. Overhead valves (not 
shown) are used, placed vertically in the cylinder head. This 

arrangement is also fairly typical of large slow-speed engines. 
At (6) is shown a pre-combuettan typo of chamber, the injection 
being into the pre-chamber which communicates with the oylinto 
by the holes shown. The air that is forced into the pre-ohamber 
on the compression stroke is considerably heated on its way 
through the holes, and this helps to reduce the delay period when 
the fuel is injected. The design at (e) is that developed by 
Kioardo and A.E.C. and known as the Comet; injection is int^ 
the air cell» the air in which is given considerable swirl became 
of the tai^ntiai position of the entrance passage from tile 
cylinder. The lower half of the air cell is fairly well heat4miilated 
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and maintains a fairly high temperature. At (d) is shown a 
variation of the open type chamber which is used in comparatively 
slow-speed engines with success; its chief drawback is that the 
valve gear is rather difficult to arrange. 

The open type chambers usually give easier starting than 
types (b) and (c) with which heating plugs generally have to be 
used, they also show slightly better fuel consumptions. It is 
claimed that types (6) and (c) give smoother running than open 
type chambers. 

Injection Systems.—The earliest Diesel engines employed 
air injection, the fuel, which was fed to the injectors by plunger- 
type pumps, being forced into the cylinder by a blast of air, at 
a pressure between 600 and 1000 lbs. per sq. inch, when the in¬ 
jector needle valve was lifted by its cam. The blast air produced 
good atomisation of the fuel and also increased slightly the 
amount of oxygen available for combustion. It had, however, 
a cooling effect. Air injection gives a much closer approach to 
constant-pressure combustion than does mechanical injection, 
and the maximum cylinder pressures are not greatly in excess 
of the compression pressures. The necessity for having a three- 
stage air compressor makes air injection unsuitable for small 
engines, and even in large ones mechanical injection is replacing 
air injection largely because of the reduction in space occupied. 

Mechanical or Solid Injection.—The fuel is sprayed into 
the cylinder by the direct action of a plunger pump, the 
pressure in the pipe to the injector ranging from 1000 to 4000 
lbs. per sq. inch. The system can be used in two ways—(o) the 
common-rail system and {b) the jerk-pump system. In (a) the 
fuel is fed at full injection pressure (about 25^ lbs. per sq. inch) 
to mechanically or electrically operated injectors. The timing 
of the beginning of injection is determined by the cam that lifts 
the injector valve (or closes the electrical contacts), and the 
amount of fuel injected is determined by the height and duration 
of the valve lift. The latter is a very critical control, and this 
system in consequence is difficult to apply to small engines. 
In (6) there is a plunger pump for each cylinder, this plunger 
being operated by a quick-lift cam. The sudden lift of the Slunger produces delivery of the fuel through the injector and 
etermines the timing of the injection, while the quantity of 

fuel injected is controlled by mechanism embodied in the pump 
itself and described in the next paragraph. 

Fuel Injection Pumps.—Two kinds are in use, variable spill 
and variable stroke types. In the former, variations in delivery 
are obtained by varying the point during the plunger stroke at 
wMoh the suction v^ve is allowed to close or at which the smll 
|Kwt8 are opened. In the second type the delivery is varied oy 
altering the stroke of the pump hunger, this type is used in 
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slow-speed engines, but in medium and high-speed engines the 
first type is almost universal. Variable defivery is usually con¬ 
trolled bv a helical slot formed either in the plunger or the pump 
barrel, tnis part being rotated to uncover the spill ports earlier 
or later in the delivery stroke of the plunger. The maximum 
delivery of pumps is governed by the plunger diameter and the 
extent of the delivery stroke during which the suction and spill 
ports remain closed, this being usually less than half the total 
plunger stroke. The table below gives the maximum deliveries 
for C.A.V.-Bosch pumps. 

O.A.V.-Bosch Fuel Injection Pumps. 

Maximum Useful Output per Stroke of Each Element, 

1 s 
Output. 1 

1 Output 

8 
0) 

M O ea S i g i 
*c -M CO 

Q 
1 aS 

p 

8 8 bo 
tlO Ou. Mm. Ou. In. S’ § Ou. Mm. Ou. In. 
§ s I s 

CM CM 

4 25 •0015 10 660 •0336 
A 7 5 40 •0024 11 650 •0396 

6 60 •0038 
15 

12 800 •0488 

5 65 •0041 c 13 950 •0618 

6 100 •0061 14 1100 •0670 

6-5 125 •0076 15 1250 •0762 

B 10 7 135 •0082 1 16 1400 •0864 

7-5 i 160 •0098 14 2300 •1400 
8 180 : 0109 

D 30 
16 3000 •1830 

9 230 •0143 18 4000 •2440 
10 280 •0171 20 6000 •3060 

Size of Pump for given Engine.—The best size is usually 
found by trial. The use of a larger pump than the minimum 
possible tends to give a shorter delivery period, and this is often 
an advantage although it usually makes steady idling more 
difficult to obtain. 

Timing Injection Pumps.—For consistent results it is best to 
time on the closing of the suction port. The pipe connecting the 
pump cylinder to the injector nozzle is removed and the delivery 
valve is taken out. On rotation of the pump shaft, fuel 
then flow out of the delivery j^pe union until the suction |icHd> 
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is covered. This point is the commencement of delivery and 
can be accurately observed. The actual point of injection into 
the cylinder wiU be somewhat later, the injection lag being 
governed by the length and diameter of the delivery pipes ana 
on the injection nozzle characteristics. 

Pre-heaters.—C.I. engines using swirl chambers, air cells, or 
pre-combustion chambers usually require heater plugs to enable 
a start to be made from cold, unless a very high compression 
ratio is used. Heater plugs are standardised with the same 
threads as sparking plugs. 

Injection Nozzles.—When air injection is employed the 
injection nozzles are operated by a cam provided on the camshaft, 
and mechanically operated injection nozzles are sometimes used 
with mechanical injection, usually when this is arranged on the 
common rail system. When the jerk-pump system is used the 
nozzle operation is automatic; two types of nozzle are used— 
(1) closed and (2) open, the distinction being according to whether 
the injection pressure is controlled by a spring loaded needle 
valve or whether a valve is dispensed with. Open nozzles are 
not much used. Closed nozzles may have an outlet in the form 
of one or more holes drilled in the nozzle cap; the diameter of 
these holes may be as small as 0-2 mm., and their hngthidia, 
ratio controls the penetration of the spray to some extent. 
Alternatively the outlet may be in the form of an annular space 
between a pin or pintle on the end of the needle valve and a 
relatively large hole in the nozzle cap. The pintle has an inverted 
conical end which can direct the spray into a cone of from 4° to 
60® d^nding on the angle to which the pintle is ground. The 
ratio Pump hunger areal Nozzle hole area controls the maximum Sressure attained during injection, and also, to some extent, the 
uration and degree of atomisation of the spray. Bates of rise 

and fall of the injection pressure greatly affect “dribble** from 
the nozzles, a low valve closing rate being usually accompanied 
by some dribble, which is prejudicial to economy. 

The Hesselman Engine.—In this engine air alone is com¬ 
pressed, as in a Diesel engine, but the compression ratio is only 
from 6 to 9. The fuel is injected during the compression stroke, 
commencing about 60® before T.D.C. Ignition is by a sparking 
plug, and is timed to occur about 15° before T.D.O. The engine 
is started on some volatile fuel, and at part load the air intake 
is throttled. These engines are being built under licence in 
several countries, and in America considerable numbers are being 
built by the Waukesha Company, the sizes ranging from 3}-inoh to 
Sl.inoh bore, and the horse-powers from 25 to 170. A brake m.e.p. 
of 104 lbs. per sq. inch is claimed for a production engine of 6^ 
inch bmre, and fuel consumptions of 0*68 lb. per b.h.p.-hour on 



710 StTPEBOHABaiKO 

full load and 0*52 lb. per b.h.p.-hour on three-quarter load. The 
engines are claimed to combine the ability to use the cheap fuels 
of the Diesel engine with the smoothness of running and flexibility 
of the petrol engine. 

Supercharging. — This is a means of obtaining a higher 
pressure in the cylinder, at the moment of closing of the inlet 
valve, than would be obtained with normal aspiration, thereby 
increasing the weight and heat content of the charge and thus 
the power output. This is done by putting a pump or blower 
between the atmosphere and the intake of the engine. The pump 
or blower may be a centrifugal, Roots, eccentric vane, or piston 
type. The latter is used chiefly in two-stroke and in large slow- 
speed engines. For motor-cars the other types are all used, but 
for aero engines the centrifugal type is almost universal, and 
may be driven either mechanically by gearing from the crank¬ 
shaft or by an exhaust gas turbine, whose blades are acted on 
by the exhaust gases as they leave the cylinders. In car engines 
the blowers are either driven directly off the end of the crank¬ 
shaft or, more usually, through tooth or chain gearing. In large 
stationary and marine engines the blower may be a completely 
separate unit with its own prime mover, or it may be driven 
direct from the crankshaft or by an exhaust gas turbine. The 
last is adopted in the Bikhi system used on large stationary and 
marine engines, in which the pressure of the exhaust entering 
the turbine is about to 3J lbs. per sq. inch, and the. pressure 
of the charing air entering the engine cylinder is from 3 to 5 
lbs. per sq. inch. A valve overlap of about 120° is used, and as 
much as 20 per cent, of the charging air may pass straight through 
the cylinders, thus giving excellent scavenging. The arrange¬ 
ment and number of exhaust manifolds must be carefully con¬ 
sidered in this system when more than four cylinders are used. 

Supercharging is also called boosting, and the difference between 
the intake pressure and atmospheric pressure is the amount of 
boost. In marine engines supercharging is usually called pressure 
charging. It may be used in two fairly distinct ways—(a) to 
increase the intake pressure at all en^ne speeds, and thus shift 
the whole power-speed curve upwards, or (6) to increase the 
manifold pressures at high engine speeds so as to maintain the 
volumetric efficiency at or about the value it has at low speeds, 
and thus obviate the falling off in power whioh occurs with 
normal aspiration, or at least to bring the peak of the power- 
speed curve to a higher speed. Similarly in aero engines super¬ 
charging may be used to increase the power output at ground 
level, or, more usually at present, to maintain it at increasing 
altitudes when it woidd with normal aspiration fall off because 
of the reduction in atmospheric pressure and density* 

Boosts up to as much as five atmospheres have been used fo 
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experimental engines, but in ordinary practice from 2 to 25 lbs. 
per sq. inch is the range used, and the higher values only in 
racing engines. 

Supercharging increases the maximum and indicated mean 
effective pressures, these quantities being fairly closely propor¬ 
tional to the absolute intake pressures. Thus 

(I.M.E.P.)a_Pa 
(I.M.E.P.), P,* 

where and Pj, are the absolute manifold pressures. The 
mechanical efficiencies of supercharged engines are usually rather 
higher than those of unblown engines and, for moderate boost 
(5-10 lbs. per sq. inch), the brake thermal efficiencies are the 
same in both cases. 

Supercharging has the effect of reducing the range of mixture 
strength over which satisfactory running can be obtained, but 
it simplifies distribution difficulties in multi-cylinder engines. 
It also increases the tendency to detonation, partly because it 
increases the compression pressure and partly because (unless 
an inter-cooler is used, which is unusual) it raises the temperature 
at the beginning of the compression stroke and thus at the end 
also. If an engine, which is on the verge of detonation with 
a given fuel and normal aspiration, is supercharged, detonation 
will occur, and to avoid it the compression ratio will have to be 
lowered or a higher octane number fuel used. The requisite 
lowering of the compression ratio is given, according to 0. Thorny- 
croft (Proc, vol. xxx.), by the relation (p^\o-e to0*76 

A/ 
fa being the ratio with intake pressure Pg, and that with pressure 
Pj, both pressures being absolute. According to McEvoy {he, 
c%t,)t the index of the pressure ratio term should be 0-5. 

The heat flow in a supercharged engine will be greater, and the 
flow of cooling water to valve and sparki^ plug areas must be 
better, than in an unsupercharged enmne. The mean temperature 
at the end of the power stroke will, however, be somewhat lower 
in the supercharged than in the unsupercharged engine* 
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C01MGPRES3ED AIR. 

{Revised hy i?. F. Pattenderiy B.Sc.) 

Definition of Terms.—Free Air Delivered (F.A.D.).—Tho 
volume of free air at intake pressure and temperature, expressed 
in cubic feet per minute, which a compressor will take in, compress 
and deliver at the stated delivery pressure. 

Displacement.—The volume swept by the pistons of a com¬ 
pressor, in cubic feet per minute, under normal running conditions. 
In a compound compressor this refers only to the first stage. 

Volumetric Efficiency ).—The ratio ^.A.D. to Displacement, 
under the given pressure conditions. This is the common 
definition. More correctly. Volumetric Efficiency is the ratio 
weight of air taken into the cylinder per cycle to that weight 
which would fill the swept volume at normal temperature and 
pressure. 

Indicated Air Horse-Power (?7,).—The horse-power necessary to 
compress air as shown by the indicator diagram of the compressor. 

Brake Horse-Power {U).—The horse-power necessary to drive 
the compressor at the stated working pressure and speed. 

Adiabatic Horse-Power.—The theoretical horse-power necessary 
to compress the F.A.D., assuming adiabatic compression. 

Isothermal Horse-Power {U^),—The theoretical horse-power 
necessary to compress the F.A.D., assuming isothermal com¬ 
pression. 

Compression Efficiency {rje)*—The ratio Isothermal Horse-Power 
to Indicated Air Horse-Power. 

Mechanical Effiiciency —^The ratio Indicated Air Horse- 
Power to Brake Horse-Power. 

Overall Efficiency {rjo),—The ratio Isothermal Horse-Power to 
Brake Horse-Power. 

Combined Efficiency (t/r).—^The ratio Isothermal Horse-Power 
to Horse-Power required by the Driving Unit. 

Bfethods of Air Compression.—(1) Piston Compressors.—Air is 
compressed by pistons working in cylinders. The compression 
may be performed in one or more stages. These compressors are 
capable economically of a pressure ratio of about 8 per stage, and 
are therefore suited to high delivery pressures. 

(2) Centrifugal- or 'Turbo-Compressors.—Air is compressed by 
energy imparted to it by rotating vanes. They are always multi¬ 
stage machines since the pressure ratio per stage can seldom 
exceed 1*2. They are thus suited to large volumes at relatively 
low delivery pressures. 

(3) Rotary Pumps and EUnotrs.—Air is compressed either by 
gear or vane pumps or by single-stage fans. Such blowers are 
suitable only for low delivery pressures, and are much used lor 
sti|^ying the air blast to foundry cupolas, etc. 
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Action of an Air Compressor.—During tlie suction stroke a 
volume of air AB at, say, atmospheric pressure OA is drawn in. 

During the return or compression stroke 
this air is compressed. If the air 
neither rejects heat nor receives heat 
from an external source during com¬ 
pression, it is compressed adiabatically, 
and the relation between the pressure 
and volume is represented by the curve 

J BC and by the equation 7^r“ = a con¬ 
stant, where w = 1 *4. When compressed 

adiabatically the temperature of the air rises. 
If the air remains at constant temperature during compression, 

it is compressed isothcrmall}^ and the relation between the 
pressure and volume is represented by the curve BI)^ and by 
the equation P K~-a constant. 

In actual })ractice the relation between the pressure and 
volume during compression is represented by a curve which 
lies between the curves EG and B1)^ and is expressed by the 
equation = a constant, where n lies between 1 and 1*4 
(generally 1’3). After compression the air is discharged at the 
constant pressure OF^ 

Mean Effective Pressure and Work done in the Cylinder of a 
Compressor.— 

Pi = absolute pressure during suction stroke. 
= absolut e pressure at end of compression, 

P=mean effective pressure. 

For isothermal compression 

;>,%,( J) 
A = effective area of piston. 
Z = length of stroke. 
Work done in two strokes or one revolution = 2APZ, if the 

compressor is double acting, and half this amount if single 
acting. If A is in square inches, P in lbs. per square inch, and 
L in feet, the foregoing formula gives the work done in foot* 
pounds. 

Temperature at End of Compression.— 
T\ and Pi = absolute temperature and absolute pressure respeo* 

tively at beginning of compression. 
Pa and Pa=absolute temperature and absolute pressure respec¬ 

tively at end of compression. 

The compression is assumed to be performed adiabatically. 
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Bffect of Clearance.—At the end of the compression stroke 
the clearance space OA is full of air at the pressure AB, Dur¬ 
ing the next suction stroke the air in the clearance space expands 
until its pressure equals CD, The suc¬ 
tion valve then opens, the piston being 
at C, and air is drawn in until the stroke 
AE is completed. The principal effect 
of the clearance space is to diminish 
the amount of air passing through the 
cylinder. The amount passing through 

(^E o per revolution is equal to volume ^ 
Aij 

swept through by the piston in one stroke for a single acting 
compressor, and double this for a double acting compresso'r. 

The clearance does not affect the amount of work done in 
compressing a given quantity of air to a given pressure, but the 
cylinder must be larger in the ratio of A E to CE. 

The clearance volume in a compressor cylinder is generally 
small (from 1 to 2 per cent, of the volume swept through by the 
piston in one stroke). 

Necessity of Cooling the Air during Compression.—In most 
cases where air compressors are used, the air is transmitted 
after compression to some distance before it is used in a motor, 
and it has time to cool down to the temperature of the surround¬ 
ing atmosphere, and in consequence it shrinks to the volume 
which it would have had had it been compressed isothermally; 
hence any work which is done in the compressor cylinder in 
addition to that required to compress the air isothermally is 
lost. The compression curve should therefore be kept as near 
to the isothermal curve as possible. This is done by cooling 
the air during compression, either by a water-jacket round the 
cylinder or by a water spray injected into the cylinder. 

Compound Compressors.—A higher efficiency is obtained by 
compressing the air in two or more stages in separate cylinders, 
the air being cooled on its way from the larger to the smaller 
cylinder. The air can be cooled much more effectively in this 
way, because it can be passed through a long coil of pipe which 
presents a large surface to the cooling water which surrounds it. 

The advantage of compounding is shown by the adjacent dia¬ 
gram. AB represents the volume of the low-pressure cylinder, 

P and BCF is the compression curve, 
assuming that all the compression is 

: \\\ produced in the low-pressure cylinder. 
: When the pressure has been raised 
^ 'v c from Pi to Pj the volume has been 

^“ I * reduced from AP to €L, The air is 
* 3 it delivered to the high-pressUre 

cylinder, but oa Its way it is cooled, 
_as explained above, and its volumo is 

redacod to DA. whioh Is the volmo 
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of the high'prefisure cylmder, the point D being on the isothermal 
BDH. In the high-pressure cylinder the volume is reduced from 
DL to EK^ and the pressure is raised from to The area 
CDEF^ as compared with the whole area ABCFK^ represents 
the saving due to compressing the air in two cylinders instead 
of in one 

The best results are said to be obtained when the proportions 
are those given by the formulae below :— 

Pi=absolute pressure of air during the suction stroke in 
the low-pressure cylinder. 

po=absolute pressure of air delivered from low-pressure 
cylinder. 

P3=absolute pressure of air delivered from high-pressure 
cylinder. 

Fi = volume of low-pressure cylinder. 
1^2=volume of high-pressure cUinder. 

Available Work in the Air in the Air Main.— 

Let 
Z7 =- brake horse-power of compressor. 

17i=indicated air horse-power = ?;„£/, where 77^=mechanical 
efficiency, and varies from 0-85 to 0-9. 

C/j = available indicated horse-power of the air delivered into 
the air main, assuming that the air cools down to 
atmospheric temperature. 

Ui^rjcUi — tj^TjcU, where 77c=<^o™pre8sion efficiency and 
varies from 0-6 to 0*75 for single-stage compressors 
(in a good example ric may be taken as 0-7). For a 
two-stage compressor tJc varies from 0*85 to 0*95 and 
may be taken as 0-9. 

Uf would be the indicated horse-power of the compressor 
cylinder if the air were drawn in at 
atmospheric pressure, compressed isother- 
mally, and delivered at a uniform pressure, 
as shown by the full line diagram annexed. 
The probable actual indicator diagram, 
representing the indicated horse-power 

is shown dotted. The suction and 
delivery lines are outside the suction and 
delivery lines of the theoretical diagram 
because of the resistance offered by the 
valves and passages, and the compression line of the actual 
diagram is outside the isothermal line because of the heating 
of the air during compression. 
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Power Developed in Compressed Air Motor.—The maximum 
power is obtained when the air expands adiabaticallj in the 
cylindei of the motor. 

p2 and F2=absolute pressure and volume respectively of air 
taken from air main by tlie motor in one stroke. 

Pj —absolute pressure to which the air is expanded in the 
motor. 

Maximum work done in one stroke = ~^ p„ 
71-1 ‘ 

If n = l-41, then — =3-44, and = ■2!). 
71 — 1 n 

If before using the air in the motor the air be reheated so that 
its absolute temperature is raised from to T3, then the theo¬ 
retical maximum work done in one stroke will be increased to 

n 

n -1 
/’a''sli¬ 

p’s 

^2 

If P2 is in lbs. per square foot, and V2 is in cubic feet, the work 
done will be expressed in foot-pounds. 

Advantage of Reheating the Air.—If the air is reheated 
before passing into the motor, the available work is increased 
in the ratio of the absolute temperature after reheating to the 
absolute temperature before reheating. For example, if the 
absolute temperature before reheating is 520% and the absolute, 
temperature after reheating is 760®, then the available work will 
be 760-^ 620 = 1-46 times what it was before reheating. This 
great increase of work may be obtained by the expenditure of 
a comparatively small quantity of fuel in a suitable heater. 

Besides increasing the work done in the motor, the reheating 
of the air obviates the inconvenience which attends a low 
temperature in the exhaust pipe of the motor. 

Turbo-Compressors.—As the impeller rotates, it carries air 
round with it, and this air ac¬ 
quires the velocity of the im¬ 
peller. Its kinetic energy is 
therefore increased as it travels 
from the centre to the edge. 
Its pressure will also increase, 
and the figure shows approxi¬ 
mately the distribution of pres¬ 
sure and velocity of air in the 
impeller and diffuser. 

If and f, be inner and 
outer radii 01 the impeller, 
and Q) its angular vemdty, 
then the tangential velooides 
of air at inlet and outlet flkre 

and 



OOMFRESSID AIB 717 

Let Pj and Pj be inlet and outlet pressures, and and 
velocities of whirl at inlet and outlet, then the pressure rise per 

stage is Pa“-Pi=Pi|^|*^*Y^~where is the 

absolute temperature at inlet, and X, the specific heat of air at 
constant pressure in foot-pounds per degree, 

/p \!Lzl 
Temperature at outlet, = ” . 

Work done per lb. of air, W - v^Ui), 

For one stage the pressure ratio does not usually exceed 1*2. 
Any number of stages can be used, but about 12 is the usual 
limit. Since the pressure rise is reduced as the inlet temperature 
increases, cooling is essential on multi-stage compressors. 

Blowers.—For very low pressures, e.g, 20 inches of water, single- 
stage centrifugal fans are often used. 

If fan outlet is A sq. in., and pressure and velocity in the outlet 
pipe are P lbs. per sq. in. and v ft. per sec. respectively, then 

horse-power of fan = ~;7. 
550 

If p is density of air at pressure P, 

P=7r-: hence horse-power QC 2g* ^ 550 X 2g' 

The efficiency of such fans is usually low. 
Turbo blowers and compressors have the advantage that their 

necessarily high speed enables them to be driven directly by 
steam-turbines or high-speed electric motors. 

Boots Blower.—This is a type of gear pump having only two 
teeth or lobes per rotor. The rotors revolve in opposite direc¬ 
tions, and the air trapped between 
rotor and casing is delivered to the 
outlet pipe. It will be seen that 
the volume of each rotor is approxi¬ 
mately equal to the volume of air 
so trapped, so that the air delivered 
per revolution is F=^TTdH, where d 
IS diameter of rotor, and I its len^h. 
If the pressure exceeds about 6 lbs. 
per sq. in. (gauge), the leakage due 
to the essenrial working clearances 
will reduce the output considerably. 

Testing of Air Compressors.—^For most purposes, the assess¬ 
ment of F.A,D., and brake horse-power necessary to supply this, 
is the test required by the user. 
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The F.A.D. is determined by the British Standard Method, as 
laid down in B.S. No. 726—1937. 
The set-up for testing is shown in 
the figure. The pressure differ¬ 
ence across a calibrated nozzle 
and that between the downstream 
side of the nozzle and the atmo¬ 
sphere are measured by water 
manometers. The pressure at 
inlet is measured by a mercury 
barometer and air temperature is 
observed at inlet and outlet. 

At inlet. Atmospheric pressure, in inches of mercury =P<. 
Air temperature (° F.)=^<. 

At nozzle. Head across nozzle, in inches of water=A. Differ¬ 
ence in pressure between downstream side of nozzle and 
atmosphere=m inches of water=m/13*6 inches of mercury. 
Absolute pressure on downstream side of nozzle =m2 inches 
of mercury. m2=atmospheric pressure ±{w/l 3*6). 

The temperature of air in the pipe line (® F.)=t. 

Then F.A.D. cubic feet per minute, where 

Ti=469‘6-f-f| and T = 469*6 H-i, while the value of K is obtained 
from the following table *:— 

Nozzle. 
Diam. 

in Incbes. 

Suitable 
Pipe Line. 
Internal 
Diam. 

Inches. 

Approx. P.A.D., Ou. Pt./Mln. 
Constant 

E. 
A=0-4 In. A=4In. A=40 In. 

t 1 6 18 0*73 
1 li ,, 16 60 2*03 

1 24 ,. 42 130 618 
1* 34 30 90 300 11-66 
2* 6 80 260 800 32-4 
4 10 210 660 2100 82-8 
6 16 470 1600 4700 187 

10 24 1300 4100 13000 618 
16 36 3000 9250 30000 1166 

TranBUilftfilon of Power by Compressed Air. 
Pa—pressure in lbs. per square foot . . \ of air admitted 
Pa=pressure in lbs. per square inch , , f from the atmds* 
Fa=volume of 1 lb. in cubic feet • , , i phere to the 
Pa=absolute temperature in degs. Fahr.) compressor. 
jPii Pu corresponding quantities for air dhik 

charged from the compressor into the midn. 

• Bxttscted from BA. Bo. 
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^>2? ^2» ^2» corresponding quantities for air arriv* 
ing at the point of consumption in the main. 

U — brake horse-power of compressor. 
Ui—rjmU = indicated air horse-power. 

~ricUi= isothermal horse-power. 
17g = anabatic horse-power of motor. 

Taking Pa = 2116-8, pa = 14-7, Fa = 13-09, Ta==521°, 
P« Fa =27710 .(1) 

IF = weight of air compressed, in lbs., per second, 
by U horse-power in driving unit. 

B50i]„ricU=2ni0WlogP- = . (2) 

604 log,^ 

Pi F, =27710. p,Fi = 192-3 . (3) 
Vi = initial velocity of air in main in feet per second. 
d = diameter of main in feet. I=length of main in feet. 

IT W I W 
IFFi = 192-3—• d = 16-64A/—. . (4) 

4 ^ ' Pi MpiVi 

1 ^~71,3(Ki,()0(W I ’ ■ ■ • 
If the air is used in the motor without leheating, then, 

95600 IF 

If the air is reheated to temperature before admis¬ 
sion to the air-motor, then, 

Pneumatic Tools,—^The following gives a few applications of 
compressed air for tools used in workshcms, together with the air 
consumption of representative types. The working pressure is 
usually of the order of 80 lbs. per square inch:— 

Drill . 

Grinder 
Hammer, chipping 

Hammer, riveting 

Sand rammers 

Speed of Opera¬ 
tion. Eevs. or 

Strokes per 
Minute. 

Air Consump¬ 
tion. Oubio 
Feet of Free 

Air per Minute. 

1000-1600 18-20 
360-600 30-60 

3000-6000 26-46 
4500 6 

2000-3000 16-18 
1600 18 
3500 8 

1600-3000 16-20 
1000-1600 26-30 
760-1000 12-22 
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The Flow of Gas or Steam through Pipes.—In Engineering^ 
vol, Ixiii. p. 361, Mr. Arthur J. Martin examines the best-known 
formulae for the How of gas or steam through pipes, and finally 
approves of Unwin’s formula, with a slight change in the con* 
stant. Mr. Martin then derives from the fundamental formula 
the other formulae given below, so that if all the factors but onf 
are known, that one can be determined. 

jp=:loss of pressure in lbs. per square inch. 
w = delivery of fluid in lbs. per minute. 
Q=:delivery of fluid in cubic feet per minute. 
r=: velocity in feet per second. 
d = diameter of pipe in inches. 
X = length of pipe in feet. 

—density of fluid in lbs. per cubic foot. 
jP=1oss of pressure in feet of fluid, 
if = loss of pressure in inches of water = 27 *7;). 
Af=loss of pressure in inches of mercury = 2'Olp, 

^ 1+7) ^ (i+^ +7) 
^ 700oZ)d‘ ' 700()</'> 60360(i 

1-0002(^0L . ^ , 
"" V-^-“pproamatelj 

, 7000pD<? TOOOpd' 
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49i>2(^5 

i^4d 
141/) 

J) 
Mr. Martin adds, where the loss of pressure in a pipe is but a 

small proportion of the original pressure, no great inaccuracy 
will result from using the density due to the original pressure, 
or preferably that due to the mean of the original and terminal 
pressures if both are known. But in long mains, where the loss 
of pressure is very great, it is better to ascertain the initial 
velocity by means of the following formula :— 

u 
I" 4K0()0(«(/^’ 

IDJ>\ j 
where m = initial velocity in feet per second. 

Pi = absolute initial pressure in lbs. [)er square inch. 
absolute terminal pressure in lbs. per square inch. 

ila = density of the gas at atmospheric pressure. 
(^=diameter of pipe in inches. 
Z=length of pipe in feet. 

The weight of gas delivered can then be ascertained by sub¬ 
stituting the value of u thus arrived at for v in the equation, 

VI)(P 

The loss of pressure given by the foregoing formulae is for a 
straight pipe. 

Mr. Martin concludes by giving the following table, calculated 
from Hurst’s formulae :— 

Length in feet of straight pipe equivalent to a square dbow and 
to a hend of rcuUus — diameter. 

Dlam. 
. 

Elbow. Bend. Diam. Elbow. Bend. Diam. Elbow. Bend. 

Inches. Feet. Feet. Inches. B’eet. Feet. Inches. Feet. Feet. 
1 1*6 •23 7 32 0 4-8 16 90*1 13*6 
2 4*9 •74 8 38-0 5-7 18 104 16-6 
3 9*4 1-41 9 44-4 6-7 20 117 17*5 
4 14-6 2-2 10 50*7 7-6 22 130 19-6 
5 20-0 3 0 12 63-7 9-6 24 144 21-6 
6 26'9 3-9 14 16*7 1 11-5 ! ••• ... 

The loss of pressure at a screw-down valve is about IJ times 
that doe to a square elbow. 
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HYDRAULIC TRANSMISSION OF POWER 

In low-pressure systems the water is stored in reservoirs, ana 
the pressure is obtained by “ head ” of water, the head being 
the altitude of the surface of the water in the reservoir aho\ e 
the point at which the power is used. If //=head of water in 
feet, and p = pressure in lbs. per square inch corresponding to 
the head /T, then, neglecting friction, 

Generally If does not exceed 600 feet, which corresponds to a 
pressure of 260 lbs. per square inch. 

In the ordinary water mains of towns the water pressure is 
generally from 50 to 100 lbs. per square inch. 

In high-pressure systems with accumulator storage the pres¬ 
sure of the water is obtained by means of pumps, and is usually 
from 700 to 800 lbs. per square inch. In the s} stems at work in 
Manchester and Glasgow, the pressure of the water is 1120 lbs. 
per square inch. 

The velocity of the water in the mains does not generally 
exceed 3 feet per second, but is in some cases as high as 5 feet 
per second. 

The energy transmitted by a pipe having a diameter d inches, 
carrying water at a pressure of p lbs. per square inch at a velo¬ 

city of V feet per second is, ^(Ppv foot-lbs. per second, and the 

, . ird^pv 
horse-power is 

If p = pressure of water in lbs. per square inch, then, 
1 lb. weight of water used produces 2*3^ foot-lbs. of work. 
1 gallon of water used produces 23p foot-lbs. of work. 
1 cubic inch of water used produces j\p foot-lbs. of work. 
1 cubic foot of water used produces 144p foot-lbs. of work. 

The pipes used are made of cast-iron, and for a working pres¬ 
sure of 800 lbs. per square inch they do not exceed 7J inches in 
diameter. 

The loss of pressure due to friction in the pipes, per mile of 
length, at a velocity of 3 feet per second, is, according to 

107 • 
Unwin, about lbs. per square inch, where d is the diameter 

of the pipe in inches. 
The pumping engines used are generally of the direct acting 

triple expansion type. The following are the particulars of the 
pumping engines at the Glasgow hydraulic ^wer station.* The 
engines are of the vertical, inverted cylinder, triple expansion 
type. Diameter of H.P* cylinder, 16 inches. Diameter of I,F, 

♦ JEnffineering, vol. Ivlii. p, 84. 
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cylinder, 22 inches. Diameter of L.P. cylinder, 36 inches. 
Stroke of pistons, 2 feet. Each cylinder is steam-jacketed, 
Depth of pistons, 7^ inches. Diameter of piston-rods, 3 inches. 
The L.P. cylinder can either exhaust into the atmosphere or 
into a surface condenser having 630 square feet of cooling sur¬ 
face. Diameter of crank shaft, 7 inches. Angles between 
cranks, 120 degrees. Diameter of fly-wheel, 7 feet. Weight of 
fly-wheel, 2 tons. The crank shaft is below the pumps, and the 
connecting-rods are made double so as to clear the pump bodies. 

The air, circulating, and feed pumps, each having a stroke of 
16 inches, are driven from the cross-head of the intermediate 
cylinder by a rocking lever and links. Diameter of air pump 
(single acting), 13 inches. Diameter of circulating pump (double 
acting), 8 inches. Diameter of feed pump (single acting), 
2 inches. 

Each steam cylinder drives a single-acting ram pump, the 
piston-rod and ram being cotteied to the same cross-head. The 
pump bodies are of cast-iron. The rams are of gun-metal, 

inches in diameter, with conoidal ends. 
The indicated horse-power of each set of engines is 200, and 

each set is capable of delivering 230 gallons of water per minute 
against an accumulator pressure of 1120 lbs. per square inch, 
with a steam pressure of 120 lbs. per square inch, and a piston 
speed of 240 feet per minute. Weight of feed water, 15 lbs. per 
I.H.P. per hour. 

Seetwn and JSlemtion. Longitudinal Section. 

Hydraulic Stop Valm 
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Hydraulic Accumolmtor used at Mancliaator and Glasgow. 
Diameter of ram, 18 inches; stroke, 28 feet; tc^ Icwwi, 127 tons* 

of ram and casiiig. 



ACCUMUIAT0R8 726 

The accumulatorB at hydraulic power stations have rams, which 
are generally from 18 to 20 inches in diameter, and the stroke is 
from 20 to 23 feet. Where two accumulators are used, one is 
loaded to about 20 lbs. per square inch more than the other, so 
that one does not rise until the other is at the top of its stroke. 

If i)=diameter of the ram in inches, A = stroke of ram in feet, 
W=load on ram in lbs., and p=pressure of water in lbs. per 

square inch, then, neglecting friction, Tr=-Z)^p, and the number 
4 

of foot-lbs. of work which may be stored up in the accumulator 

The mechanical efficiency of the pumping-engines may be 
taken at from 75 to 80 per cent. The efficiency of an hydraulic 
press with one ram and one gland or packing leather is about 
1)0 per cent. The efficiency of lifts and cranes fully loaded is 
about 55 per cent. 

The efficiency of a ram with a chain and pulley multiplying 
gear of good design, and well lubricated, is given approximately 
by the formula— 

Efficiency per cent. = 84 - 2m, 

where m is the ratio of multiplying power. 
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HYDRAULICS. 

Pressure due to Head of Water.— 
A = head of water in feet. 

weight of one cubic foot of water in lbs. 
/) —pressure of water in lbs. per square foot due to head /i. 

p = wh, h/=p~w. 
Pressure in lbs. per square inch=jp-^144. 
For weight of water see p. 342. 
For table of pressures of water coi responding to various 

heads see p, 343. 

Velocity due to Head of Water.— 
A = head of water in feet. 
1? 3: velocity of water in feet per second due to 

liead h when there are no resistances. 

Energy and Pressure of Water in Motion in a Pipe.—Tho 
adjacent illustration shows a tank, open at the top, from which 
a pipe conveys water to some datum level, say, 
the level of the sea. H and h are heights 
in feet above the datum leveL Consider a 
mass of water weighing 1 lb. At 4 this mass 
of water has H foot-lbs. of poterUial energy^ 
and it has no velocity and no pressure. At 
the level B the 1 lb. mass of water has h foot- 

lbs. of potential energy, and - - foot-lbs. of 
^9 

Hnetic energy^ where v is the velocity of the 
water at B in feet per second. If v is less 
than ^2gU\ the mass of water at .5 will exert 
a pressure of p lbs. per squaie foot such 

^ p f v^\ 
that. = j’ 
w= weight of 1 cubic foot of water in lbs. JIi is called the 

equivalent head of water having a velocity v and pressure p* 

is called the pressure energy of the water. 

The total energy in the 1 lb. mass of water at B is, 

which is equal to the energy in the same mass of water at 
It is assumed that there is no loss of energy due to frktioxi of 
the water in the tank or pipe. 
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Jf the sectional area of the pipe varies, the velocity of the 
water will vary inversely. Thus if the sectional area changes 
from fli to a2» the velocity will change from 2;i to Va, such that 

= also, the pressure will change from pi topa. and if 
the potential head or potential energy changes from hi to A3, 
then, 

2(j 

Discharge of Water through Small Orifices.— 
ll~ head of water in feet. 

velocity of discharge in feet per second, resistances 
neglected. 

ri = actual velocity of discharge in feet per second. 
c = coefficient of velocity = 

.4—area of orifice in square feet, 
Ji = area of smallest section of jet in square feet. 

A = coeflicient of contraction = .41-^^. 
coefficient of discharge=0/1;. 

Q=: quantity of water discharged per second in cubic feet, 

r = \^2.7//. t’l = cv=c \2gII, 

Q=ViA 1 = = ckA ^CA 'Ji'jH. 

Valuer of the cocJicienU c, A, and C, 

(а) Sharp edged orificea 
Rectangular. c=*97. A;='6to*63. (7=’58to’61. 
Circular. c = ‘97. A=*64. 6 = *62. 

(б) Square edged orifice and external pipe. 
c=l (nearly). A=*816. (7=’BIS. 

(c) Square edged orifice and internal pipe. 
<;=*98. jfc=*5. (/='49. 

(d) Rankine gives the following empirical formula for deter* 
mining Jh where a pipe of sectional area S dis¬ 
charges into the atmosphere through an orifice of 
sectional area A :— 

2-618-1’618- 4^ 
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Formulsd for Friction of Water in Pipes.—Of the formulae 
given below, Unwin s is probably the most exact, but Darcy's 
has been most used. 

= internal diameter of pipe in feet, 
velocity of water in feet per second. 

/ = length of straight pipe in feet. 
A = loss of head in feet, due to friction of water in pipe, or 

head necessary to overcome friction. 

Unwinds formula:— 
m _ V” 

X £ X 

Values of m, r, and n are given in the following table :— 

Kind of Pipe. m a* n 

Wrought-iron (gas). •()22() 1*21 1-75 
New cast-iron ....... •0215 1 1-168 1-05 
Cleaned cast-iron. •0213 1 1 -168 2*0 
Incrusted cast-iron. •044 1-lG 2*0 

Dare f 8 formula 

21= *005 for new cast-iron pipes. 
z=‘01 for old incrusted cast-iron pipes. 

r -OOSl 

Weisbach’s formula for the loss of head due to a bend in a 
pipe is as follows :— 

f d \3’® a 
h = *131 +1 ^ ^ ^ 180’ 

where i2=radius of curvature of centre line of bend in feet, and 
a=angle, in degrees, subtended by the bend at its centre of cur¬ 
vature. The other symbols have the same meanings as before. 

The loss of ener^ due to loss of head is equal to the weight 
of water delivered in lbs. multiplied by the loss of head in feet. 

Oeneral Formula for Hydraulic Besistances.— 
i?i=: actual velocity of water in feet per second at the point 

where the resistance is encountered. 
A=loss of head, in feet, due to resistance, 

coefficient of resistance. 
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Professor Cotterill in his “ Applied Mechanics,** fourth edition, 
p. 486, gives the following values of F:— 

Oriiice in a thin plate, •()(). 
Square-edged entrance of a pipe, F— *5. 
Sudden enlargement of a pipe in the ratio w;l, P={m - 1)“, 

referred to velocity through larger part of pipe. 
Bend at right angles in a pipe, radius of bend = three times 

diameter of pipe, F=‘14, 
Quick bend at right angles, radius of bend = diameter of 

pipe, F~ *3. 
Common cock partially closed, handle turned through 15°, 

30°, 45° from position when full open. F=’7“), 5’5, and 
31 respectively. 

Knee in a pipe at right angles, F=l. 
Surface friction of a pipe, the length of which is n times 

the diameter, F=4fn. For a clean cast-iron pipe d inches 

. *036 
in diameter, 4/--^^^ 

Impact of Water Jets.— 
V — velocity of water before impact in feet per second. 
W = weight of water delivered per second in lbs. 
/*= reaction of plate on jet in lbs. 

(a) Plate at right angles to direction of jet. 

WV 

(h) Plate inclined at an angle 0 to direction of jet. 

IFF sin $ 

(e) Jet impinges at the centre of a cup. 

^ WFd-fcos^) 

9 

$ Is the angle between the tangent at A and the c^tre line ol 
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Turbines. 
Classification of Turbines.—Considering the action of the 

v/ater on tlie vanes, turbines are either reaction wheels or inipvlse 
wheels. In reaction turbines the motive power is obtained 
mainly from tlie pressure energy of the water, while in impulse 
turbines the motive power is obtained from the kinetic energy 
of the water. 

In reaction turbines all the passages in the guide and wheel 
are filled with water, and the turbine is said to be drowjied. It 
follows that in this type of turbine the product, velocity of water 
across any section of the passage, multiplied by the area of that 
section, is constant. Reaction turbines are generally used where 
there is a large quantity of water available under a small or 
moderate head. 

In impulse turbines the buckets are not filled by the water 
passing through them, and they must be so constructed that 
the atmosphere has free access to the spaces in the buckets 
not occupied by the water. Impulse turbines are suitable for 
moderate or small quantities of water under a great head. 

Turbines may also be classed according to the direction in 
which the water flows through them, into, radial flow, axial 
or parallel flow, and combined or mixed flow. Radial flow 
turbines are again divided into two classes, viz., outward flow 
and inward flow. 

The axis of a turbine may be either vertical or horizontal. 

Formulso for Reaction Turbines.—Water enters the fixed guide 
wheel at A, and is guided by the fixed guide vane ABi, which 
delivers the water in the direction VjBi on to the vane or bucket 

Outmrd flow tuiMm* Inward fim 
Section ji^rpendieukr to axis of wlieel. Section perpMidlontu: to axM of wieet 
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B1B2 of the revolving wheel at Bi. The water leaves the revolv* 
ing wheel at B2 in the direction 

BiCi and B^C^ are tangents to the wheel circles at Bi and B^ 
respectively. is a tangent to the guide vane at Bi, Bi Uj 
and B>3,V^ are tangents to the wheel vane at the points Bi and 
respectively. ViWi and I72W> are perpendiculars to BiCi and 
B2O2 respectively. 

Note.—A turbine has a considerable number of guides and 
buckets, but in the illustrations only one of each is shown. The 
number of guides is generally not the same as the number of 
buckets. 

vi = ViBi = absolute velocity of outflow of water from guide 
passages, 

absolute velocity 
of outflow of 
water from 
wheel passages. 

= = tangential ^elo- 
city of wheel 
at Bi. 

C2=-iB2C2=tangential velo¬ 
city of wheel 
at Bi. 

c=tangential velocity of 
wheel at mean 
radius n Parallel Jlow turbine. 

Ui=s UiBi = relative velocity section parallel to axis of wheel at 

of inflow of 
water, 

= velocity of outflow of water. 
iPi= ITijSi = tangential velocity of water, or velocity of whirl, 

at entry. 
tPa=521^2 = tangential velocity of water, or velocity of whirl, 

at exit. 
ri=s radius of wheel at Bi in radial flow turbines, 
r9=radius of wheel at Bq in radial flow turbines. 
r=mean radius of wheel in parallel flow turbines. 

^1—gaide angle, or angle of entrance of water. 
^i=van6 an^e at entrance. 
tfa=vane angle at exit, 

angle of exit of water, 
ill»area of guide passages at exit, at right angles to direc¬ 

tion of flow. 
iasarea of wheel passages at exit, at right angles to direc¬ 

tion of flow, 
available bead of water. 
quantity of water available per second In cubic feet 
accelerating effect of gravity » 32*2. 

#«eeiiele&ey of turbine. 
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^r-P=effective or brake horse-power of turbine. 
A’'i=coefl5cient of velocity. 
^2=coefficient of wheel speed. 

All velocities are in feet per second, linear dimensions are in 
feet, and areas are in square feet. 

The following formulae give the relations between the various 
velocities:— 

wi sin 4>i — vi sin Oi. 
iPi = vi cos ^1. 
ui sin 4>i cos 01 = wi sm di. 
Cl = + ui cos 01. 
ej = (1 -f tan di cot 0i). 

sin (01-htpi} 
Cl — ■icicog 01 sin 01* 

sin (^i + 0i) 
Cl — Vi 

V] sin 01 
tan 01 _ 

sin 02 = V2 sin ^2. 
cos 0 . 

1*2 sin 02 cos 03 = tC2 sin 02. 
f.2 = W2 + ^2 cos ^2* 

sin (^2 + ^2) 

In parallel flow turbines 
C2 = Ci = C. 

If 02 = 90®, then = 0, and 
C2=V2 cos $2 = U2 cot 0^ 

Work done per lb. of water passing through wheel 

This will become when ^C2=0, which is the case when 02=90*. 

Values of the angles.—The angles 0i and O2 are assumed in com¬ 
mencing the design of a turbine. In practice 0i varies from 15* 
to 30® in radial outward flow turbines, and from 10° to 25° in 
radial inward flow and parallel flow turbines. ^2 varies from 
10° to 25°. 

Ratio of area Ai to area A 2.—The ratio Ai-i-Ag is also assumed. 
In practice A1H-A2 varies from *5 to 1 in radial outward flow 
turbines, and from *6 to 1 -5 in radial inward flow turbines. In 
parallel flow turbines A 1—^2 is usually about 1. 

Ratio of radius vi to radius r2.—The ratio ri—rg is also assumed. 
For outward flow ri-f-ra varies from *7 to *85, and for inward 
flow from 1*2 to 2. 

Efickncy.—The efficiency ^ of a turbine of good design is 
usually from *75 to *85, and for purposes of design it may be 
taken at ‘8. 

/ S 
CoefficievU of velocity.--^Ki = ^ / 1 n 

^ \ 2~* "i cos cos 
Aarg 

For parallel flow turbines the ratio ~ ac 1, 

V^Adty of oUftflow from guidepoMoyes*— 
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Coefficient of wheel ^peed.— 

, siii (^i4-0i) 

sin 01 
for radial flow. 

,r sin (^l + 0l) 
^2=cos 62 = AI — for parallel flow. 

Wheel speed. —Circumferential speed at radius rj = ci- sj^gH 
in radial flow turbines. 

Circumferential speed at mean radius r-c-K^sJ^gH in 
parallel flow turbines. 

Revolutions of wheel per minute = “ — 
Itttx ?*i 

for radial flow turbines. For parallel flow turbines substitute 
r for ri. 

Q 
Area of guide passages.—Ai = ♦ 

Vi 

Effective or braJee horse-poxocr,—JI'P=^ 

PUMPS. 
Reciprocating Pumps.— 

i> = diameter of plunger, piston, or bucket, in inches. 
rf=diameter of piston-rod or bucket-rod, in inches. 
//=length of stroke, in inches. 
(7= discharging capacity, in cubic feet, for two consecutive 

strokes. 
{?=discharging capacity, in gallons, for two consecutive 

strokes. 
(?=6*230', for water. 

delivery head, in feet, 
suction head, in feet. 

F=load on pump, or force required to move plunger, 
piston, or bucket, in lbs. (friction neglected). 

Discharging Capacity of Reciprocating Pumps.— 

Plunger immp,.-C= ^ k i728 = 2200’ 

{2D^ — d^)L 
Double-acting piston pumps. —C=-2200 

Svngle^aeting piston pumps.- 
D»L {D-^cP)L 

"^“2200 ” 2200 
depending 

on whether the outer or inner side of the piston is next the 
liquid. 



734 LOAD ON A PUMP 

Sinyle^ting bucket pumps.—^=2200’ practice this may be 

considerably exceeded if the bucket is worked rapidly, on 
account of the inertia of the water preventing the suction valve 
closing when the bucket commences its return stroke. The 
flow of water through the pump therefore continues at a 
diminishing rate during a portion of the return or idle stroke of 
the bucket. 

Combined bucket ayid plunger pumps.—The discharging capacity 
for two consecutive strokes is the same as for the bucket with¬ 

out the plunger, viz. 
in 

’ 2200’ 
where D is the diameter of the 

bucket. The presence of the plunger causes a portion of the 
water raised by the bucket to be delivered during the up stroke 
and the remainder during the down stroke. If the delivery is 
to be uniform the aiea of the plunger should be half that of the 
bucket, or d= D~ ^/2=’707D, where = diameter of plunger, 
and 7) = diameter of bucket. 

Load on a Pump.— 
Plunger pump.— 

Suction stroke. F=^x *433A = •SilPL 
4 

Delivery stroke. F= *34/>V/. 
Pouble^aeting piston pump.— 

Forward stroke. F— 'M\IFh + (D® - dF)H}, 
Keturn stroke. F= 'U{U^H+ (IF - d})h\. 

If d the diameter of the piston-rod is neglected, then for 
each stroke /'= '34Z>-{7/-i-A). 

Single-acting piston pump.— 
Suction stroke. F= •347>*4, or 
Delivery stroke. F^ •34i>^.^, or ~ 

The formulae to the right are to be used when the water is on 
the piston-rod side of the piston. 

Single-acting bucket pump.— 
Up stroke. F=^ •34{ D^h + (/>» - <F)Hl 
Down stroke. F~ •34dW. 

If d is neglected, then P= 'Z\lF{n^-h) for the up stroke, and 
J^=0 for the down stroke. 

Combined bucket and plunger pump.— 
Up stroke, suction and delivery. 7"= •34{IFh 4* (D* - J. 
Down stroke, delivery only. *34dW. 

Where i)=diameter of bucket, and diameter of plunger. 
In vertical pumps the weight of the parts raised must be added 

to in the foregoing formulas for the up stroke, and deducted 
for the down stroke. 
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Friction in Pipes.—The “loss of head*’ due to friction in the 
pipes may be determined by one of the formulae on p. 728, and 
if thit be added to the actual head in the foregoing formulae, 
the force Fi required to overcome the pressure due to the weight 
of the water and the friction in the pipes will be found. 

Friction of Pumps.—The friction of the moving parts of a 
pump will increase the force required to work it by from 
to \Fi, 

Speed of Reciprocating Pumps.—The speed of a pump plunger, 
piston, or bucket is generally from 50 to 200 feet per minute; 
speeds of KK) to 150 feet per minute are very common. The 
speed may be increased as the length of the stroke is increased. 
A safe rule is, speed in feet per minute = 45 where L is the 
length of the stroke in inches. 

The air and circulating pumps of marine engines generally 
run at speeds of 200 to 400 feet per minute. 

Diameter of Pipes.—Velocity of Water in Pipes.—The suction 
and delivery pipes generally have a diameter equal to three- 
fourths of the diameter of the pump barrel. This makes the 
velocity of the water in the pipes 1*78 times the speed of the 
plunger or piston. Sometimes the suction pipe is made larger 
than the delivery pipe. 

Air Vessels.—The delivery of water is more uniform, and the 
shocks at the beginning of a stroke are reduced by placing an 
air vessel near to the delivery vahe. The volume of the air 
vessel varies greatly in practice. The volume of the air vessel 
may be from two to six times the capacity of the pump barrel, 
sometimes it is as much as ten times. 

An air vessel on the suction pipe near the suction valve is also 
desirable when the suction pipe is long. The capacity of this 
vessel may be from two to four times the capacity of the pump 
barrel. The air in this vessel has. of course, a pressure less than 
that of the atmosphere. 

Size of Steam Cylinder for Direct-acting Steam Pump.— 
i)=diameter of steam cylinder, 

diameter of pump barrel. 
P=mean effective pressure of steam on steam piston. 
jp=:mean effective pressure of water on water piston. 

This allows 25 per cent, of the work done in the steam cylinder 
for the friction of the machine. In large modern pumping 
engines an allowance of 10 per cent, for the friction of tho 
machine would be sufficient. 

Centrifugal Fumpa.— 
diameter of suction and delivery pipes in inches, 

i>;s:diameter of fan or wheel in inches. 
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<7= water discharged per minute in cubic feet. 
II~ total height to which water is raised in feet. 
f = circumferential speed of wheel in feet per second, 

/V = number of revolutions of wheel per minute, 
r=: velocity of water in pipes in feet per minute. 
V is generally between 300 and 500 feet per minute. 

785 
144 

If r=350, then d = '72^fC. 
D=2dto Sd. 

^ y 

If r=450, then 

V varies from 8 ,JH in small pumps to 10 in large pumps. 
229*2v isr= 

Efficiency of Pumps.—With lifts of 2 or 3 feet the efficiency 
of a centrifugal pump of moderate size is about 50 per cent. As 
the lift increases the efficiency increases, and reaches a maxi¬ 
mum of about 70 per cent, when the lift is from 15 to 20 feet. 
Beyond this the efficiency diminishes. With a lift of 50 feet 
the efficiency is about 50 per cent. The efficiency of large 
pumps is greater than the efficiency of small ones. Centrifugal 
pumps are best adapted for low lifts. 

The efficiency of reciprocating pumps is small with low lifts. 
With a lift of 10 feet the efficiency is only from 20 to 30 per 
cent.* The efficiency increases with the lift. With a lift of 
100 feet the efficiency may reach 85 per cent. Reciprocating 
pumps are therefore best adapted for high lifts. 

* Professor Hood of Michigan, who has made many experiments on pnmpSt 
states that for the cylinder and valve arrangement alone this is very low for 
a good modem pump at reasonable speed, and he believes that the maximum 
efflciency is reached at lifts of 25 to 50 ft. fo^* many pumps. Also for lower 
lifts and slow speeds 70 to 85 per cent, is not UlicommoD. 



▲KDOLOY OUTTINQ TOOLS 737 

ABDOLOT CUTTING TOOLS. 

Alfred Herbert Ltd., Coventry. 

Ardoloy is a hard high-speed cutting alloy capable of cutting 
steel, cast-iron, and non-ferrous metals at very high speeds. Its 
tensile strength is low, and it can be used for cutting only in the 
form of tips brazed on to carbon steel shanks. Both tips and 
standard tipped tools are obtainable. 

Standard ardoloy tips are made in three different top rakes: 
13° for mild steel; 8° for steel castings, alloy steels, and light 
outs in cast-iron; 3i° for manganese steel, chilled iron, gun- 
metal, phosphor-bronze, and roughing cuts in cast-iron. 

Whilst ardoloy will cut at very high speeds and is remarkably 
durable when used under proper conditions, its cutting edge is 
rapidly destroyed by vibration. 

It is made in six grades:— 

Grade 1a (Broum).—For light cuts. For fine boring and 
finish-turning hard cast-iron. For turning chilled-iron rolls and 
machining sJuminium alloys, bakelite, and non-ferrous metals. 
For tipping reamer and oounterboring blades. 

Grade 2a (Red).—For general purpose work on cast-iron and 
malleable iron, semi-steel, non-ferrous metals; for tipping milling 
cutters and dead centres. 

Grade 2 (Blue).—For general purpose work involving inter¬ 
mittent cutting on cast-iron and non-ferrous metals. Also for 
planing. 

Gra^ 3 (Yellow).—For drawing dies, work guides for machines, 
such as centreless grinders, and for wood-cutting tools. 

Grade S (Oreen).—For general purpose work on steels. 
Grade W (Tips painted White),—For gauges, steadies, micro¬ 

meter measuring anvils, faces on fixtures, guides, and other parts 
subject to wear. 

Ardoloy Gutting Speeds.—As cutting speeds vary with con¬ 
ditions under which they are used, the following should be taken 
only as a general guide:— 

[TAStJI 

2a 
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ABDOLOT OTTTTINO SPEEDS. 

Material. Feet per Minute. 

Mild steel (28-36 tons tensile) . . • 300-1000 
Cast steel (40-90 tons tensile) . 80-750 
Stainless steel: Bar. 100-300 

Castings .... 60-160 
Chrome nickel steel (40-90 tons tensile) 80-760 
High-speed steel (annealed) 80-250 
Manganese steel (12 per cent, manganese) . 10-40 
Cast-iron: 200 Brinell .... 200-700 
Close-grained iron. 160-400 
10 per cent, nickel iron .... 20-45 
Chilled-iron rolls. 10-50 
High silicon iron. 20-70 
Pearlite iron. 150-400 
Malleable iron. 100-450 
Copper, soft brass. 600-1200 
Cupro-nickel .. 350-600 
Hard brass, phosphor-bronze, gun-metal 
Aluminium bronze, Admiralty bronze, man¬ 

ganese bronze ..... 

400-1000 

300-750 
Aluminium. 1000-2000 
Aluminium alloys. 300-760 
Plastics, erinoid, ebonite, hard rubber 600-1000 
Porcelain, marble. 10-65 
Slate 60-100 
Glass. 30-70 

HINTS ON MILLING CITTTEBS. 

B.S,A. Tools Lid,, Birmingham. 

Speed of Gutters.—High-speed clatters, to be efficient, must be 
run at suitable speeds. It is impossible to specify definite speeds 
and feeds for various cutters, as much depends upon the oir- 
oumstanoes in which they are used. As a guide, to be used only 
in a general sense, however, the following cutting speeds are 
suggested;— 



Tool steel (well annealed) . . . 45- 50 ft. per min. 
0 0~0*8 per cent, carbon steel , , 60- 65 „ 
Mild steel and wrought-iron . . 75- 90 „ 
Cast-iron (about 250 Brinell) . . 45- 50 „ 
Brass (rolled). 200-250 „ 
Brass (castings) .... 100-150 ,, 

By referring to the tables on pp. 740, 741 the correct speeds, in 
revolutions per minute, for any cutter can be obtained, based 
on the above surface speeds. 

Lubrication and Cooling,—High-speed steel is more efficient 
than ordinary carbon steel because it will cut faster, not being 
so susceptible to tempering or softening resulting from the heat 
generated by cutting. A milling cutter should be cooled in order 
to preserve its cutting edges as long as possible. 

Rigidity of Machine.—Tests show that a cutter will stand up 
to its work better on a machine that is rigid than if performing 
the same work on a less rigid machine. Uneven feeding, due to 
backlash, causes the edges of the cutter to wear away rapidly 
and stresses the cutter unnecessarily. 

Grinding.—High-speed steel milling cutters should be ground on 
a fairly soft whem, and a supply of water may be used with advan¬ 
tage to obviate the heating of the cutter. An efficient cutter¬ 
grinding machine soon repays its cost. 

Storage.—Careless storage may cause cutting edges to become 
damaged and chipped. Milling cutters should be inspected and 
ground before they are stored, in order that they may be in a 
it condition for use when next required. 

Relation between Circumferential Speed and Revolutions.— 
D = diameter of revolving tool or piece of work in feet, 

diameter of revolving tool or piece of work in inches. 
iV’= number of revolutions per minute of tool or piece of 

work. 
F= circumferential speed in feet per minute of tool or piece 

of work. 

iri)JV=: r. N= X 
TT Jj a- = 3H16. 

1_ 
IT 

•3183. 

^N=r. AT ^2 V 
i\r=—X-:,. 

T d 
^=•2618. II 382. 

The tabulated values on the two following pages have been 
calculated from the formula 

F 
d* 

and give the s^ds in revolutions per minute corresponding to 
various oiroumlerential sp^ds in feet per minute^ for diametm 
ranging from it wch to 24 inches. 
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Cutting Speeds*—Ft./Min. and Bquiv. B.P.M* 

1 Feet per Minute. 1 
Diam. 
Inches. 10 16 20 1 25 30 1 35 1 40 46 

Revolutions per Minute. | 

i 153 229 306 382 458 636 611 688 
1 102 163 204 256 306 367 407 458 
i 76-4 116 153 191 229 267 306 344 
i 611 91-7 122 163 183 214 244 276 
i 60-9 76*4 102 127 153 178 204 229 

i 43-7 65*6 87-3 109 131 163 176 196 
1 38-2 57-3 76-4 96-6 116 134 153 172 
H 340 50-9 67-9 84-9 102 119 136 163 
li 30-6 45-8 6M 76-4 91-7 107 122 138 

If 27-8 41-7 55-6 69-4 83-3 97*2 111 126 

li 25-5 38-2 50-9 63-7 76-4 89-1 102 116 

If 21-8 32*7 43-7 64-6 66*6 76-4 87-3 98-2 
2 191 28*6 38*2 47-7 67-3 66-8 76-4 86-9 
2i 170 25-5 340 42-4 50*9 59-4 67*9 76-4 
2i 15-3 22*9 30-6 38-2 46-8 53*6 611 68-8 

2i 13-9 20-8 27-8 34-7 41-7 48-6 66-6 62-6 
3 12-7 191 26-5 31-8 38-2 44-6 60-9 57-3 

H 11-8 17-6 23-5 29-4 36-3 4M 470 62*9 
3i 10-9 16-4 21-8 27-3 32-7 38-2 43-7 491 
3i 10-2 16-3 20-4 25-5 30-6 36-7 40-7 45*8 
4 9-5 14-3 191 23-9 28-6 33-4 38-2 430 

8-5 12-7 170 21-2 25-5 29-7 340 38-2 
5 7-6 11*6 16-3 191 22-9 26-7 30-6 34*4 
5i 6-9 10-4 13-9 17-4 20-8 24-3 27-8 81-3 
6 6-4 9-5 12-7 16-9 191 22-3 26-6 28-6 

6i 6*9 8-8 11*8 14-7 17-6 20-6 23-5 26*4 
7 5-5 8-2 10-9 13-6 16-4 191 21-8 24*6 
7i 61 7-6 10-2 12-7 16-3 17-8 20-4 22-9 
8 4-8 7-2 9-5 11-9 14-3 16-7 191 21-6 
H 4-6 6-7 90 11-2 13-6 16-7 180 20-2 

9 4-2 6-4 8-6 10-6 12-7 14-9 170 191 
10 3-8 5-7 7-6 9*6 11-5 13-4 16*3 17*2 
12 3-2 4-8 6-4 80 9*6 IM 12-7 14‘3 
14 2-7 41 5-6 6-8 8'2 9-6 10*9 12*3 
16 2-4 i 3*6 4-8 60 7-2 8-4 9*6 10-7 
18 21 3-2 4-2 6*3 6-4 7-4 8-6 9-5 
20 1*9 2-9 3-8 4-8 6-7 6-7 7*6 86 
22 1*7 2-6 3-5 4'3 6-2 61 6'9 7*8 
24 1-6 2'4 3-2 4*0 4-8 6-6 6*4 7.2 

* The use of the tftblee may be extended by moltiplyltig by 10. 
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Cutting Speed8->Ft./Min. and Equiv. B.P.M. (cont,). 

Diam. 
lachee. 

Feet per Minute. | 

60 60 70 80 90 1 100 1 110 120 
BevolutionB per Minute. | 

\ 764 917 1070 1222 1375 1628 1681 1833 
i 609 611 713 815 916 1019 1120 1222 
i 382 458 635 611 688 764 840 917 
f 306 367 428 489 650 611 672 733 
i 265 306 357 407 458 609 560 611 
i 218 262 306 349 393 437 480 524 

1 191 229 267 306 344 382 420 458 
u 170 204 238 272 306 340 374 407 
li 153 183 214 244 275 306 336 367 
If 139 167 194 222 250 278 306 333 

li 127 153 178 204 229 255 280 305 
li 109 131 153 176 196 218 240 262 
2 95-5 115 134 153 172 191 210 229 
2i 84*9 102 119 136 163 170 187 204 
2i 76-4 91*7 107 122 138 153 168 183 
2i 69-4 83*3 97*2 111 125 139 163 167 
3 63’7 76*4 89*1 102 116 127 140 153 
H 68-8 70*5 82-3 94*0 106 118 129 141 
H 54-6 65*5 76*4 87*3 98*2 109 120 131 
H 60-9 61*1 71*3 81*6 91*7 102 112 122 
4 47-7 57*3 66*8 76*4 86-9 96*6 105 116 

42-4 60*9 69*4 67*9 76*4 84*9 93*4 102 
5 38-2 45*8 63*6 61*1 68*8 76*4 84*0 91*7 
5i 34-7 41*7 48*6 66*6 62*6 69*4 76*4 83*3 
6 31-8 38*2 44*6 60*9 67*3 63*7 70*0 76*4 
6i 29*4 35*3 41*1 47*0 62*9 68*8 64*6 70*5 
7 27-3 32*7 38*2 43*7 49*1 64*6 60*0 66*6 
7* 26*6 30*6 36*7 40*7 46*8 60*9 66*0 61*1 
8 23*9 28*6 33*4 38*2 43*0 47*7 62*5 67*3 
H 22-5 27*0 31*6 36*0 40*4 44*9 49*4 53*9 
9 1 21‘2 25*6 29*7 34*0 38*2 42*4 46*7 50*9 

10 191 22*9 26*7 30*6 34*4 38*2 42*0 46*8 
12 16-9 19*1 22*3 25*6 28*6 31*8 35*0 38*2 
14 1 13-6 16*4 19*1 21*8 24*6 27*3 30*0 32*7 
16 11*9 14*3 16*7 19*1 21*6 23*9 26*3 28*6 
18 10-6 12*7 14*9 17*0 19*1 21*2 23*3 26*6 
20 1 9*6 11*6 13*4 16*3 17*2 19*1 21*0 229 
22 8*7 10*4 12*2 13*9 15*6 17*4 19*1 20*8 
24 8*0 9*6 IM 12*7 14*3 16*9 17*6 19*1 
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GRINDING WHEELS. 

Norton Orinding Wheel Co., Ltd, 

The abrasives used by the Norton Grinding Wheel Co., Ltd., 
are known by the trade-marks Alundum, 19 Alundum, 38 Alun- 
dum, and Grystolon. Five distinct bonds are employed—vitrified, 
silicate, shellac, rubber, and bakelite—and wheels are made in 
many shapes and sizes, from inch to 60 inches in diameter 
and from ^ inch to 20 inches thick. Segmental wheels are 
made as large as 72 inches in diameter and 14 inches thick. 

In general, Alundum abrasives are used for grinding materials 
of high tensile strength, and Grystolon abrasive is used for those 
of low tensile strength. Roughly, 50,000 lbs. per sq. inch may 
be taken as the dividing line between high and low tensile 
strengths in this instance. 

Vitrified bonded wheels are of exceedingly strong bond, and are 
standard for most grinding operations. Silicate bonded wheels have 
a less harsh grinding action, and are used for work requiring 
a delicate edge, such as edged tools and cutlery. Shellac bondm 
wheels produce a high degree of finish, and are used in saw 
sharpening and in the grinding of granite and marble. In some 
oases they are used for grinding aluminium pistons. Bakelite 
bonded wheels, operating at 9000 surface feet per minute, are 
used for snagging of steel and malleable castings, and for billet 
and ingot grinding. Rubber bonded wheels are used where thin 
wheels of great strength are wanted, as in the grinding of grooves. 

Grain, Grade, and Structure.—Grain size denotes the size of 
the cutting particles or abrasive. Sizes range from 8 to 600, 
8 being the coarsest and 600 the finest. The numbers refer to 
the meshes per linear inch in the screens through which the 
various sizes will pass. Grade is a term used to denote the hard¬ 
ness of a wheel. It refers to the strength of the bond and not 
to the hardness of the abrasive. A soft wheel may have a hard 
abrasive. Norton grades are designated by the letters E to Z, 
E being the softest wheel and Z the hardest. Structure is the 
arrangement of the constituent parts of a grinding wheel as to 
the exact degree of its density or abrasive spacing. The various 
structures are denoted by the numbers 1 to 12, number 1 repre¬ 
senting the closest spacing and number 12 the most open. 

Grinding Wheel Markings,—The five characteristics which 
determine the ^nding action of Norton wheels are: (1) Abrasive 
(type), (2) Grain (size of abrasive), (3) Grade (strength of wheel), 
(4) Structure (grain spacing), and (6) Bond (tjnpe). 

A typical wheel marking is 3846-M5BE. Mere 38, 46, M, 5, 
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and BE refer to the characteristics (1), (2), (3), (4), and (6) 
respectively. 

Determination of Grinding Wheel Specifications.—The follow¬ 
ing factors must be taken into consideration:— 

(1) Material to be ground. 
(2) Amount of material to be removed, degree of accuracy, 

and finish required. 
(3) Area of contact. 
(4) Type of grinding machine. 

A few rules which must be regarded as flexible are given in 
the following paragraphs :— 

Selection of abrasive,—Alundum abrasive is suitable for carbon 
steels, alloy steels, high-speed steel, annealed malleable iron, 
wrought-iron, tough bronzes, etc. Grystolon abrasive is suitable 
for grey iron, chilled iron, brass and soft bronze, aluminium and 
copper, marble and other stone, rubber, leather, very hard alloys 
such as tungsten carbide, etc. 

Selection of grain size,—Coarse wheel for fast cutting, except 
in case of very hard materials where depth of grain penetration 
is small. Fine grain for fine finish. Coarse grain for soft ductile 
materials and fine grain for hard and brittle materials. 

Selection of grade,—Hard wheels on soft materials and vice 
versa. The smaller the area of contact, the harder the wheel 
should be. The higher the ratio of work speed to wheel speed, 
the harder the grade should be, and vice versa. Vibration and 
worn grinding machines usually necessitate using a harder wheel 
than would be required on a machine in good condition. 

Selection of structure,—Soft, tough, and ductile materials 
require a wheel with a wide spacing of abrasive grains. Hard 
and brittle materials require a wheel with close spacing of 
abrasive grains, with the exception of tungsten carbides. Fine 
finish requires close spacing of particles of fine grain size. 

Snagging and other operations, with flexible application of 
pressure, require wide grain spacing. Surface operations require 
wide grain spacing. Cylindrical and centreless work, also tool 
and cutter grinding, are usually done with medium grain spacing. 
Heavy pressures which tend to destroy the form of shaped wheels 
require close grain spacing. 

Selection of bond,—Vitrified type of bond is generally used, 
but, in some oases, unusual operating and performance require¬ 
ments make the selection of other types advantageous. 

Thin outting-ofl wheels and others subjected to bending 
require bakelite, shellac, or rubber bonds. Solid wheels over 
36 inches diameter require silicate bond. 

Vitrified wheels are best for speeds below 6500 surface feet 
per minute; baikelite, shellac, and rubber wheels are best for 
higher speeds. 
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Shellac or rubber bonds are best for high finish where pro¬ 
duction is not a factor. 

Kecoxmneuded Wheel Speeds in Surface Feet 
per Minute. 

Norton Grinding Wheel Co^, Ltd, 

Cylindrical grinding. 6500- 6500 
Internal grinding ..... 2000- 6000 
Snagging, offhand grinding (vitrified wheels) 5000- 6000 
Snagging (rubber and bakelite wheels) 7000- 9500* 
Surface grinding. 4000- 5000 
Knife grinding .. 3600- 4600 
Hemming cylinders ..... 2100- 5000t 
Wet tool grinding. 5000- 6000 
Cutlery wheels .. 4000- 5000 
Rubber, shellac, and bakelite cutting-off wheel 9000-16000* 

Work Speed.—In general, the faster the work speed the faster 
the wheel wear. This is not necessarily a drawback, but it must 
be understood. 

Wheel wear is dependent upon the ratio of wheel speed in 
s.f.p.m. to work speed in s.f.p.m. The higher the ratio, the less 
work the wheel is required to do in a given time; hence the 
wheel wears at a slower rate. If the ratio is decreased by 
increasing the work speed, the wheel will bo required to do 
more work in a given time and will wear faster. 

In general, the longer the arc or the larger the area of contact 
in precision grinding operations, the faster should be the speed 
of the work, in order that the wheel may cut properly. 

In offhand grinding, the rate at wUoh the work is forced 
against the wheel exerts an influence upon grade selection. The 
harder the grinding wheel is forced, the harder should be the 
wheel if abrasive economy is to be expected. This relation also 
exists in precision grinding of a semi-automatic and high pro¬ 
duction nature. 

* Higher speed leoommended only where bearings, protection derioes, and 
machine ri^dlty are adequate. 

t This higher speed is recommended only where suitable bearings are employed. 
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Grinding Wheel Speeds—Feet per Minute and 
Equivalent R.P.M. 

Feet per Minute. 

Wheel 
Diam. 
Inches. 

4000 4500 6000 6600 6000 6600 

Bevolutions per Minute. 

1 15279 17189 19099 21008 22918 24828 
2 7639 8594 9549 10504 11459 12414 
3 6093 6730 6366 7003 7639 8276 
4 3820 4297 4776 6252 6730 6207 
6 3056 3438 3820 4202 4584 4966 

6 2546 2865 3183 3601 3820 4138 
7 2183 2456 2728 3001 3274 3547 
8 1910 2149 2387 2626 2866 3104 

10 1628 1719 1910 2101 2292 2483 
12 1273 1432 1692 1751 1910 2069 

14 1091 1228 1364 1601 1637 1773 
16 955 1074 1194 1313 1432 1662 
18 849 955 1061 1167 1273 1379 
20 764 859 956 1050 1146 1241 
22 694 781 868 965 1042 1129 

24 637 716 796 875 965 1036 
26 588 661 735 808 881 966 
28 646 614 682 760 819 887 
30 509 673 637 700 764 828 
32 477 637 697 657 716 776 

34 449 606 662 618 674 730 
36 424 477 631 684 637 690 
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Twist Drill Sizes. 

ll Inches. 
^ 0) ^ tiD U 0 Inches. 

P 
eg’ Inches. Inches. 

80 •0135 49 •073 20 •161 J •277 
79 •0145 48 •076 19 •166 K •281 
.. ■015626 ., A •078125 18 •1695 ., bV •28125 
78 •016 47 •0785 •171875 L •29 
77 •018 46 •081 17 •173 M •295 

76 •02 45 •082 16 •177 U •296876 
75 •021 44 •086 15 •18 N •302 
74 •0225 43 •089 14 •182 ,, A •3125 
73 •024 42 13 •185 0 •316 
72 •025 •• A •09376 1 • * A •1875 P •323 

71 •026 41 
PM 

12 •189 li •328125 
70 •028 gni 11 •191 Q •332 
69 •0292 39 •0995 m •1935 R •339 
68 •031 38 9 •196 ,, \\ •34375 
• • •03125 37 8 •199 8 348 

67 •032 36 7 T •368 
66 •033 ,, A •109375 • • il •203125 • • U •359375 
65 •035 35 •11 6 •204 U •368 
64 •036 34 •111 5 ,, i •376 
63 •037 33 •113 4 V •377 

62 •038 32 •116 3 •213 w •386 
61 •039 31 •12 ,, A •21875 « •390626 
60 •04 ., i •125 2 •221 x •397 
59 •041 30 •1285 1 •228 Y •404 
58 •042 29 •136 A •234 • . « •40625 

57 •043 28 ilRM •234375 z •413 
56 •0465 ,, A dFBiSwS B ■238 , , •421876 

•046876 27 •144 G •242 , , A •4376 
55 26 •147 D •246 , , if •453126 
54 25 E i • • H 

63 24 •162 F •257 .. if •484376 
A 23 Q •261 , , i 

52 ,, A •15626 ,, •265625 , , a •516626 
51 22 R •266 H 
50 DH 21 •169 I •272 •• if •546876 

Above tt inch, sizes advance by 64th8 to 2 inobes. Millimetre 
sizes are aiso available. 
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SANDBLASTING. 

H, 0. SommetfieM, Ltd.f London, 

Sandblasting is a general term used to describe the projection 
of abrasive materials on to surfaces, primarily for the purposes 
of cleaning, etching, or buffing. Sand was formerly the standard 
abrasive, and hence the designation. Graded flint was also used 
for heavier work, but now the most popular abrasive consists 
of graded metallic shot, round or crushed (angular). 

Pulverisation occurs with all abrasives, the extent being 
governed by the material. This gives rise to dust formation, 
and it is necessary to exhaust the dust-laden atmosphere from 
the blasting chamber or zone and to collect the dust. Sands 
and flints generate dust of a siliceous nature, and, owing to the 
consequent danger of silicosis, the Home Office is influencing 
employers to substitute metallic abrasives for sands and flints. 
As a further precaution, it is decreed that operators working 
inside a sandblast room must wear a helmet fitted with an air 
line and supplied with a constant supply of fresh air. Induced 
ventilation must ensure that the atmosphere of any sandblast 
room, wherein an operator works, shall be changed at least five 
times per minute, and most manufacturers prefer considerably 
to exceed this rate of exhaust; purification of the atmosphere 
may be further assisted by a system of abrasive cleaning. 

Apart from the dust which arises through pulverisation of 
the abrasive, the blasting away of moulding sands and cores 
and, in some cases, the breaking up of scale or the skin of castings, 
further complicates the problem. Removal by air separation or 
other means of such of this material as becomes mixed with 
the abrasive before the latter is reintroduced into the system 
is then essential. 

The orimnal types of sandblast plant operated through the 
medium of steam, but contemporary designs favour the use of 
either compressed air or oenti^ugal force to impart the high 
velocity to the stream of abrasive. Compressed air has the 
advantage of comparative simplicity, and allows of manual 
control of the abrasive through the medium of a flexible hose 
and nozzle directed on to the work, and is the best system where 
large surfaces have to be treated or, conversely, where the 
conditions call for a moderate output only. Up to the present, 
the centrifugal machine is limited to repetition work, as manual 
control is not practicable and prime cost is heavy. 

In addition to the operating medium, there is a great diversity 
in types of sandblast macmnes. Room iflants, wherein the 
operator shuts himself inside a chamber with his work ^emd, 
wearing a helmet and protective clothing, directs the abrainve 
on to the surfaces to be treated, form the most nraoticai way 
of deiding with large castings. Tumbling bamkv rotating 
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and partially filled with parts to be treated, having one or more 
jets projected through the central axis, are admirable for 
repetition work. In the same way, where great numbers of 
parts presenting flat surfaces have to be treated, the most 
practical method is the rotating table, on which the parts are 
carried into a screened-off blasting zone and then emerge again 
to be reversed or exchanged for fresh parts as conditions demand. 
Finally, a popular machine for small works and small components 
is the cabinet, the operator remaining outside and directing the 
flow of abrasive through a sight window, and operating the 
flexible hose through arm-holes. 

The chief uses of sandblasting are etching and frosting glass; 
cleaning castings, both ferrous and non-ferrous; cleaning and “ cut¬ 
ting a key” on surfaces preparatory to enamelling or metallising; 
de-enamelling; and removing scale after heat-treatment. 

Sand and shot abrasive is supplied in a wide range of grades 
(sieve meshes). The following table^ will assist in the selection 
of the most suitable abrasive grade and air pressure, which must 
ultimately be determined by trial, for different purposes:— 

Abrasive. Grade. 
Air 

Pressure. 
Lba./Sq.In. 

Purpose. 

Sharp sand 16 to 32 16 to 25 Cleaning castings. 
»* 24 „ AA 2 20 Frosting and stencilling glass. 

AA or 
“Flour” 

6 „ 10 Grindery (leather). 

Graded flint 10 to 24 16 „ 30 Cleaning heavy castings; 
removing cores. 

tt 24 „ 40 16 „ 30 Cleaning light castings; re¬ 
moving cores. 

Metallic shot 
(round) 

10 „ 20 16 
upwards 

Dull cleaning heavy ferrous 
castings. 

tf 24 „ 40 16 to 60 Cleaning light ferrous cast- 

24 „ 40 10 „ 20 
mgs. 

Cleaning or buffing non- 
ferrous castings. 

» 40 „ 80 10 „ 20 Special non-ferrous work 
where skin must not be 
penetrated. 

Metallic shot 
(angular) 

6 „ 10 20 „ 80 Cleaning steel castings. 

1* 12 „ 30 20 „ 80 Cleaning and cutting key on 
iron castings. 

$9 40 „ SO 16 „ 40 Cleaning light non-ferrous 
castings. 

99 50 „ SO 5 M 10 Glass BtenoilUng. 
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Table of Theoretical Air Discharge for Nozzles of 
Different Diameters, Air Velocities, and H.P. of 
Compressor required. 

<0 . ?>0 . 
Volume of Free Air (Ou. Pt./Min.) and Compressor H.P. . 
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Nozzle Diameter—Inch. 

i 1 i I 

Vol. H.P. Vol. H.P. Vol. H.P. Vol. H.P. 
6 652 15-4 •54 34-6 1*2 61*6 2-2 96*6 3*4 

10 780 21*8 1-3 49 2-9 87 6-2 136 8-2 
20 1030 30*8 2-8 69 6-3 123 11-2 193 17-6 
30 1100 40 4-8 90 10*7 161 191 252 30 
40 1143 49 6*9 110 15-5 196 27-5 307 43 
60 1196 67 11-6 161 26-1 268 46-4 420 73 
80 1230 85 16-7 191 37-6 340 67 632 105 

Note.—In considering the H.P. of driving motors, etc., an 
adequate margin should be allowed over the theoretical require¬ 
ment of the compressor. 

Given formal requirements, compressor makers generally 
stipulate the necessary allowance. It is important that oil and 
water precipitation should be minimised in the sandblast system, 
otherwise trouble may arise through coagulation of shot. For 
this reason inter-coolers should iS provided in 2-stage com¬ 
pressors, and after-coolers and moisture and oil extractors are 
sometimes fitted. In cold, moist atmospheres, a gas jet is often 
fitted beneath pressure chambers to maintain air temperatures 
and prevent deposition of moisture in the system. 

The above table is intended as a practical guide, and is based 
on more complete figures given by Cox, in respect to air volumes 
passing through a range oi nozzle bores at various pressures, and 
on theoretical velocities given by Hiscock. 
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MISGELLANEOXrS NOTES AND DATA. 

Koman and Ordinary Notation. 

1. 1 X. 10 XX. 20 cc. 200 
II. 2 XI. 11 XXV. 25 ccc. 300 

III. 3 XII. 12 XXX. 30 cccc. 400 
nil. 1 XIII. 13 ! XL. 40 D. 500 

or IV. 1 ! XIV. 14 L. 50 DC. 600 
V. 5 1 XV. 15 LX. 60 DCC. 700 

VI. G 1 XVI. IP) LXX. 70 DCCC. 800 
VII. 7 XVII. 17 LXXX. 80 DCCCC. 900 

VIII. 8 , XVIII. i8 XC. 90 M. 1000 
IX. 9 i XIX. 19 C. 100 i MDCCCXCVI. 1896 

The Greek Alphabet.—As Greek letters are frequently used in 
mathematical formulae, they are here given for reference. 

A a . alpha 1 l iota P P rho 
B § • beta K K kappa 

V O’ sigma 
r 1 . gamma A A lambda T T tan 
A s . delta M P mu Y V upsilon 
E € . epsilon N V nu 4> phi 
z . zeta xi X X chi 
H . eta 0 0 omicron '/' . psi 
e e . thsta n TT pi 12 0) Omega 

The Pantagraph.—Four bars are connected together by pin 
Joints to form a parallelogram 
A BCD. The whole frame can 
be made to rotate in its plane 
about a fixed pin which passes 
through the bar EB at any point 
O in it. p is a point in the bar 
A i), and Pis apoint in the barPP 
such that OpP is a straight line. 
If the frame be moved (0 being 
fixed) so that the point p traces 
out the figure win, the point P 
will describe a figure MN similar to mn, and the linear dimen* 
sions of MN will be to the corresponding dimensions of mn as 
OB Is to 0A \ also^ the area of MN win be to the area of mn as 
the square on OB is to the square on OA. 
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Parallel Motions.—(a) WaU*s Parallel Motion.—AC and BD 
are bars which can oscillate about fixed axes at A and B respec¬ 
tively, and which are connected by pin joints at C and 2> to a 
link CD. A point P in CD describes a figure of eight when the 
mechanism receives all the motion of which it is capable. Two 
portions of this figure are approximately straight lines. The 
stmight portions of the figure described by P are longest when 
the position of P is such that DP: CP 11 ACi BD, 

(5) The bars AC and BD are here shown on the same side of 
the link CD. The point which describes the closest approxima¬ 
tion to a straight line is the point P, in CD produced, whose 
position is such that DP. CP i : ACi BD. 

(c) This shows the application of the pantagraph to the 
mechanism ACDB shown at (a) for the purpose of guiding a 
point Q in a line parallel to that described by P, The parallelo¬ 
gram CDQE is proportioned so that A, P^ and Q are in a straight 
line. ACE is one bar. 

(d) Seott RuaseWi Par olid Motion.—AC is a bar which can 
oscillate about a fixed axis at A. PD is a bar one end of which 
is guided in a straight line AD. AC is connected to PD by a 
pin joint at C. AC^PC^CD. P moves in a straight line AP 
which is at right angles to AD. 

(e) Roberta*t ParaUd Motion.^—ACmd BD are equal bars which 
can oscillate about fixed axes at A and B respeouvely. CPD Is 
a frame connected by pin joints at C and D to the b^s AC 9aid 
BD. PC^PD. Part of the path described hy the point P 
is an approximation to a straight linOt 
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The Peaucellier Mechanism. — The Peaucellier mechanism 
consists of seven bars connected by pin joints as shown. The axes 
of the pins at A and 0 are fixed. AB=AO, BD=DC=CP=BP, 
When the mechanism is moved the point P describes either an 
exact straight line or an arc of a circle. 

If 0i) = 0^, the path of P is an exact straight line. 
If OD is greater than OA^ the path of P is an arc of a circle 

concave towards 0, and having a radius given by the formula. 

If OD is lets than OA, the path of P is an arc of a circle convex 
towards C>, and having a radius given by the formula 

_ APP-^BD^ 

The most important form of the Peaucellier mechanism is 
that for describing an exact straight line. The other forms may 
be used for describing circular arcs of large radii when the 
centres of the circles are inaccessible. 
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Colours on Drawings. 
Materials. Colours. 

Cast-iron .... Payne’s grey or neutral tint. 
Wroiight-iron . . Prussian blue. 
Steel.Purple (mixture of Prussian blue and 

crimson lake). 
Brass.Gamboge, with a little sienna, or a very 

little red added. 
Copper , . , . A mixture of crimson lake and gamboge, 

the former colour predominating. 
Lead.Light Indian ink, with a very little indigo 

added. 
Brick-work . . . Crimson lake and burnt sienna. 
Firebrick .... Yellow and Vandyke brown. 
Grey stones , , . Light sepia or pale Indian ink, with a little 

Prussian blue added. 
Brown freestone . Mixture of pale Indian ink, burnt sienna, 

and carmine. 
Soft woods . . . For ground work, pale tint of sienna. 
Hard woods . . . For ^ound work, pale tint of sienna, with 

a little red added. 
For graining woods, use darker tint, with 

a greater proportion of red. 

Section Lining on Drawings.—On drawings in black and 
white different materials may be distinfished by differences in 
“section Iming.” JBxamples are given Delow, 

Cast-iron. Wrought-iron, Steel, Brass. 

mmm 
mm 

Leather. Indiambber and Barth. 
Vnleaiilte. 
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SELECTED BRITISH STANDARD 

SPECIFICATIONS. * 
B.S. 

4 : 1932. Cliamiols and B(*am8 for Structural Purj>oses, Dimen¬ 
sions and Proj)ertio.s of. 

4a : 1934. Equal Angles, Unequal Angles, and Tec Bars for 
Structural l^urposes. Dimensions and Properties of. 

21 : 1938. i^ipe Threads. l*art 1. Basic Sizes and Tolerances. 
78 : 1938. Cast-Iron Pij)es for Water, Gas, and Sewagt*. 
84 : 1940. Sc rew Threads of Whitworth form. 
93 : 1919. Screw Threads, British Association, with Tolerances. 

240 : 1937. Brinell Hardness Testing, Method and Tables for. 
275 : 1927, Dimensions of Rivets (J inch to If inch diameter). 
302 : 1938. Round Strand Steel Wire Ropes for Cranes. 
330 : 1941. Steel Wire Ropers for Colliery Haulage Purposes. 
39t: 1944. Short Link Wrought-Iron Crane Chain. 
425 : 1943. Forms and Dimensions of Boiler Rivets (as manu¬ 

factured) (4 inch to 2 inch diameter). 
431 : 1940). Manila Rojkjb for General Purposes. 
430:1940. Machine-Cut Gears. A. Helical and Straight Spur. 
465 : 1932. Pitched or Calibrated Wrought-Iron Load Chain for 

Hand-OperaLnl Pulley Blocks. 
482 : 1945. Wrought-Iron and Mild Steed Hooks for Cranes, 

Chains, Slings and General Engineering Purposes, 
Excluding Building Operations. 

534 : 1934. Steel Spigot and Socket Pipes and Specials for Water, 
Gas, and Sewage. 

545: 1934. Machine-Cut Gears, B. Bevel (with Helical, 
Curved, and Straight Teeth). 

590: 1935. Short Link and Pitched Steel Chain, Electrically 
Welded Mild Steel. 

664 : 1936. Cast-Iron Shaft Couplings, Rigid Flanged Type with 
recessed Bolt-Heads and Nuts. 

721 : 1937. Machine-Cut Gears. C. Worm Gearing. 
781 : 1938. Wrought-Iron Chain Slings and Rings, Links Alter¬ 

native to Rings, Egg and Intermediate Links, 
806 ; 1942. Ferrous Pipes and Piping Installations. 

1306 : 1946. Non-ferrous Pipes and Piping Installations, 
1387 :1947. Steel Tubes and Tubulars Suitable for Screwing to 

B.S. 21 Pipe Threads. 
1452 :1948. Grey Iron Castings, 

* British Standards Imtituiion, Sal^ Dept., 24 Tictoria Street, London, B.W.l. 
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A.bra4Bive8, grinding wheel, 
742 

sand and shot, 749 
Abscissa of a point, 160 
Absolute expansion of mercury, 

661 
temperature, 653 

Acceleration, 231 
Accumulators, hydraulic, 724, 

726 
Acid steels, 363 
Acids, weight of, 345 
Adamson Lancashire boiler, 695 
Addendum, 497 
Adhesion of locomotives, 666 
Adiabatic expansion, 665 
Ageing of alloys, 376 
Air, composition of, 657 

compressor, action of, 713 
compressors, testing of, 717 
for combustion of fuel, 557 

Air/fuel ratio, 699 
pumps, 667 
specific heat of, 661 
standard efficiency, 690 
thermometer, 653 
vessels for pumps, 735 
weight of, 346 

Algebraical formula, 36 
signs, 35, 36 

Aliquot parts, tables of, 137 
Alloy steels, 358 

effect ol heat-treatment on. 

Alloys, cadmium, 384 
clad, 380 
copper, 365 
Elektron, 380 
ferrous, 347 
Ught, 376 
magnesium, 380 
non-ferrous, 364 
weight of, 325 

Alphabet, Greek, 751 
Altitude, pressure and tempera¬ 

ture variations with, 
687 

Aluminium, 375 
alloys, effect of temperature 

on, 379 
expansion of, 379 
thermal conductivity of, 

379 
bronzes, 373 
casting alloys, 377 

American standard screw 
threads, 399, 400 

wire gauge, 34 
Anal3^8 of exhaust gas, 700 
Angle of torsion, 427 

pressure, 497, 500 
Angles, dimensions and pro¬ 

perties of equal, 310 
of unequal, 300 

measurement of, 40, 48 
Angular velocity, 232 
Anuine-point, 696 
Anthracite, 562 
A.PJ. gravity, 696 
Apothecaries^ weight, 2 
Aro of oirole, 141 

367 
Alloys at elevated temperatures, 

properties of non- 
franrouiit 372 

m 
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Arcs, lengths of circular, 163 
Ardoloy cutting tools, 737 
Area of bearing, 437 

of flat circular ring, 180 
of polygon, 43 
of sector of circle, 180 
of segment of circle, 180 
of triangle, 43, 161, 168 

Areas of circles, 170 
of plane figures, 168, 212 
of sections, 212 

Arithmetic, graphic, 166 
Arithmetical mean, 37 

progression, 37 
signs, 35, 36 

Arms of cast-iron pulleys, 481 
of gear wheels, 609 

Asymptotes of an hyperbola, 
156 

Atmospheric conditions, correc¬ 
tions to B.H.P. for, 
687 

Atomic weights, 324 
Auxiliary circle of ellipse, 163 
Avoirdupois weight, 2 

aliquot parts of, 137 
Axis, instantaneous, 232 

of conic, 160 
Axle, equilibrium of body on, 

223 
-boxes, railway, 466 

Axles, locomotive crank, 614 

Babbitt metals, 382 
Babcock and Wilcox boilers, 606 
Bahnmetall, 382 
Ball bearings, 462 

journal bearings, 462 
thrust bearings, 464 

Ballistic pendulum, 236 
Band on pulley, friction of, 477 
Baromet^, pressures corre- 

sponoing to heights of, 
344 

Barrels for wire ropes, diameters 
of, 270 

Bars in torsion as springs, 260 
riveted joints for, 626 

Basic steels, 363 
Beam, strength of, 260 
Beams, bending and shearing of, 

247 
deflection of, 251 
dimensions and properties of, 

288 
of uniform strength, 260 

Bearing, area of, 437 
clearances, checking, 704 
materials, 704 
temperatures, 705 

Bearings, ball journal, 462 
thrust, 454 

bogie centre pivot, 466 
brasses for, 438 
footstep, 448 
friction of, 239 
I.C. engine main, 702 
Michell, 467 
needle roller, 457 
of a shaft, span between, 425 
pressure on, 438 
roller journal, 465, 467, 468, 

461, 466 
shaft, 437 
spherical roller, 468 
tapered roller, 460, 461 
thrust collar, 449 

Belt, driving force in, 478 
gearing, 473 
length of, 474 

Belting, chain, 476 
Belts, centrifugal tension in, 

478 
power transmitted by, 478, 

479, 480 
slip of, 478 
speed of, 476 
strength of, 475 

Bending and twisting of a shaft, 
426 

combined with tension or 
thrust, 262 

with twisting, 253,426 
moment diagrams, 286 
moments on beams, 247 

Bessemer steel, 853 
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Bevel gears, 601 
load capacity of, 604 

Binomial theorem, 39 
Birmabright alloy, 380 
Birmingham gauge, 34 

wire gauge, 34 
Blast-pipes, 679 
Block and tackle, 225 
Blowers, 712, 717 
B.M.E.P. in terms of torque, 689 
Board of Trade Rules— 

boilers, 612, 624 
shaft couplings, 430 
shafts of ships, 427 

Bodies, collision of, 238 
falling, 231 
floating, 230 

Bogie centre pivot bearings, 466 
Boiler, dry-back, 594, 599 

economic, 594, 599 
gas-fired, 586 
locomotive, 669 
power, locomotive, 668 
Scotch, 602 
shell, strength of, 627, 629 
shells, cylindrical, 628 
stays, 632 
trial, 696 
tubes, heating surface of, 690 
Unidish, 690, 699 

Boilers, brickwork for, 592 
Cornish, 690, 692 
hydraulic tests for, 612 
Lancashire, 690, 691 
man-holes for, 640 
marine, 599 
riveted joints of, 624 
steam, 586 
strength of dished ends of, 

629 
tube plates for, 637 
vertical, 686 
water-tube, 606 

Boiling points of salt water, 649 
Bolt-heads, 402 

weight of, 233 
Whitworth, 407 

Bolts, 393 
foundation, 404 
of uniform strength, 404 
stud and tap, 403 

Boosting, engine, 710 
Bosses of gear wheels, 510 

of pulleys, 482 
Bow’s notation, 219 
Box couplings, 431 
Boyle’s law, 646 
Braced structures, stress dia¬ 

grams for, 273 
Bracket and bearing, 443 

for pillow block, 444 
Brake horse-power, 686, 712 

corrections to, 687 
Brakes, locomotive, 682 
Brass, properties of, 370 

tubes, weight of, 341 
Brasses, 365 

effect of temperature on, 366 
for bearings, 438 
for connecting-rods, 522 

Breaking strength of a beam, 
260 

Brickwork setting for boilers, 
692 

Bridge trusses, stress diagrams 
for, 282 

Bridges, weight of, 284 
Brinell hardness testing, 391,392 
Briquette fuel, 563 
British and C.G.S. units, 32 

and metric measures, equi¬ 
valents of, 6 

Association screw threads, 395 
measures, 1 
Standard fine screw threads, 

396 
manila ropes, 269 
pipe screw threads, 397 
specifications, 765 
steel wire ropes, 271, 272 
Whitworth screw threads, 

393 
thermal unit, 546 

Bronzes, 365, 369 
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Bronzes, effect of nickel on 
strength of, 371 

plastic, 384 
properties of, 371 

Bulk of coal, 326 
Buttress thread, 394 

Cadmium alloys, 384 
Calorific intensity, 561 

value of fuels, 558, 560, 564, 
698, 699 

Capacity, measures of, 2, 4 
of pipes, 200 

Carbon steel, 354 
steels, applications of, 355 

effect of heat-treatment on, 
356 

value of fuel, 559, 560 
Cartridge brass, 365 
Case-hardening, 358 
Cast-iron, 347 

contraction of, 348 
pipes, weight of, 340 
pulleys, arms of, 481 
sizes of steel tubes, 419 
weight of, 325 

Cast-irons, alloy additions to, 
349 

properties of, 349, 350, 351 
Cast steel, 363 
Catenary, 168 
Centigrade heat unit, 646 

scale, 640 
Centre, instantaneous, 232 

of curvature, 164, 155, 156, 
168, 159 

of gravity, 204 
by experiment, 207 
by projection, 209 
of any structure, 210 

of oscillation, 236 
of percussion, 236 
of pressure, 228 

Cent^ugal force, 236 
pumps, 736 
tension, 236 

in belts, 478 

Centrifugal tension in ropes, 485 
in wheels and pulleys, 483 

Cetane number, 696 
Cetene number, 696 
C.G.S. units, 32 
Chain belting, 476 

calibrated, 264 
crane, 263 
mild steel, 266 
pitched, 264 
pulley block, 264 
short link, 263, 265 
slings, 266 
welded, 266 
wrought iron, 263 

Chains, 263 
Chambers, combustion, 705, 706 
Channels, dimensions and pro¬ 

perties of, 294 
Characteristic, 49 
Charcoal, 663 
Chimneys, locomotive, 679 
Chord of a circle, 141 
Chromium-bronze alloy, 384 
Circle, 141 

circumscribing, 43, 141, 160 
equation to, 162 
escribed, 43 
inscribed, 43 
moment of inertia of, 213,217 
the nine points, 145 

Circles, areas of, 170 
circumferences of, 184 

Circular arcs, lengths of, 163 
measure, 40 
pitch, 497 
ring, area of, 180 

Circulating pumps, 667 
Circumference of a circle, 141 
Circumferences of circles, 184 
Circumferential speed and re¬ 

volutions, 739, 740, 
741, 746, 746 

Ciicumsoribing circle of Bf poly¬ 
gon, 43,160 

a triangle, 43,141 
Glad alloys, 3^ 
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Claw couplings, 436 
Clearance, 644, 714 

volume, 644, 685, 714 
Clearances, piston, 702 
Clutch couplings, shifting gear 

for, 437 
Coal, 562 

bulk of, 326 
calorific value of, 560, 564 
carbon value of, 660 
composition of, 564 
evap. power of, 659, 560 
specific gravity of, 326, 564 

Cochran boilers, 686, 588, 694 
Coefficient of restitution, 238 
Coefficients of elasticity, 246 

of friction, 220, 239, 484 • 
of linear expansion, 650 

Coke, 564 
Collar bearings, friction of, 239, 

243 
Collision of bodies, 238 
Colours on drawings, 754 
Columns, strength of, 253 
Combinations and permuta¬ 

tions, 39 
Combined straining actions, 252 

twisting and bending of a 
shaft, 426 

Combustion and fuel, 557 
chambers, 705, 706 
factor, 692 
heat of, 568 
in oxygen, 557 
of fuel, air for, 667 
temperature of, 561 

Common logarithms, 49 
Composition of air, 567 
Compound compressors, 714 

pendulum, 236 
Compressed air, 712 

motor, power in, 716 
power transmission by, 718 

Compression efficiency, 712, 716 
ratio, 685 

highest tsseful, 695 
ratios in actual engines, 698 

Compressors, centrifugal, 712 
compound, 714 
piston, 712 
testing of, 717 
turbo-, 712, 716 
for sandblasting, horse-power 

of, 750 
Condensers, jet, 654 

surface, 655 
Conductivity of metals, 549 
Cone, centre of gravity of, 207 

coupling, 434 
development of, 166 
radius of gyration of, 216 
volume and surface of, 202 

Confocal ellipses, 152 
Conic sections, 150 
Conical friction coupling, 437 

spiral springs, 259 
Conjugate axis of an hyperbola, 

155 
diameters of an ellipse, 152 

Connecting-rod/crank ratio, 702 
end, forked type, 624 

marine type, 523 
ends, 520 

Connecting-rods, 517, 669 
brasses for, 622 
forces on, 617 
strength of, 518 

Constantan, 374 
Contraction of cast-iron, 348 
Conversion of thermometric 

scales, 540 
tables, various—See “Equi¬ 

valents of” 
Co-ordinates of a point, 160, 

161 
Copper, 364 

alloys, 365 
tub^, weight of, 338, 339 

Cornish boilers, 590 
evaporation for, 592 

Corrugated furnaces, 631 
Cottmu, 222,413, 414 
Coupler, 416 
Couples, 219 
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Coupling, cone, 434 
frictiwi, 437 
Oldham’s, 436 
universal, 435 

Coupling-rods, 619, 660 
Couplings, box or muff, 431 

claw, 436 
flange and pulley, 432 
shaft, 430 

Crab, 226 
Crane chain, 263 

hooks, 267 
ropes, steel wire, 272 

Crank axles, locomotive, 514 
discs, cast-iron, 615 
pin diam., I.C. engine, 702 
pins, overhung, 611 
shafts, built-up, 614 

forged, 613 
Cranks, 511 

overhung, 612 
Critical temperature of gas, 656 
Cross-head, forces on, 525 

pin, 626 
Cross-heads, 625 

guide bars for, 529 
types of, 627 

Crown wheel, 501 
Cube roots of fractions, 136 

of numbers, 105 
Cubes of fractions, 136 

of numbers, 106 
Cubic centimetres in cubic 

inches, 23 
equations, 37 
expansion of solids by heat, 

661 
feet in cubic metres, 24 
inches in cubic centimetres, 23 
measure, 2, 4 
metres in cubic feet, 24 

Cupro-nickel, 374 
Curvature, centre of, 164, 156, 

166, 168,160 
Cutting speeds, 738, 740, 741 

tools, 737 
Cycle, constant volume, 684 

Cycle, Diesel, 684 
four-stroke, 684 
two-stroke, 684 

Cycles, thermodynamic, 684 
Cycloid, 167 
Cycloidal curves, 166 
Cylinder barrels, 652 

centre of gravity of, 207 
cove«-s, 653 
development of, 166 
diagram of work in, 645 
liners, 662 
volume and surface of, 201 

Cylinders, intersection of, 165 
locomotive, 675 
radii of gyration of, 216 
strength of, 414 
surfaces of, 194 
weight of, 333 

Cylindrical boiler shells, 628 

Dead load, 246 
Decimal equivalents of fractions, 

138 
Dedendum, 497 
Deflection of beams, 251 

of flat springs, 255 
of ropes, 487, 490, 492 
of springs, note on, 261 

Delta metal, 369 
Detonation, 694 
Development of cone, 166 

of cylinder, 165 
Diagram factor, 649 

of work in a steam cyl., 645 
Zeuner’s, 661 

Diameter of a circle, 141 
of an ellipse, 152 
of a parabola, 156 

Diametral pitch, 498 
Die-castings, pressure, 386 
Diesel cycle, 684 

fuels, ratings of, 696 
index, 696 

Differential pulley-block, 225 
Dimensions of rolled ateel 

sections, 287 
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Direct elasticity, modulus of, 246 
Directrix of a conic, 150 
Discharge of water through 

small orifices, 727 
Discharging capacity of pumps, 

200 
Draught, forced, 603 
Draw-bar pull of loco., 665 
Drawing-paper sizes, 763 
Drawings, colour on, 764 

section lining on, 754 
Drill sizes, 747 
Dryness fraction of steam, 665 
Duchemin’s formula for wind 

pressure, 280 
Duralumin, 376 

effect of ageing on, 376, 377 
Durehete steel, 361 
Dynamometer, friction brake, 

244 
Dyne, 32 

Earths, weight of, 326 
Eccentric sheaves, 615 

straps, 516 
Eccentricity of a conic, 160 
Efficiency, air standard, 690 

compression, 712, 716 
mechanical, 244, 688, 712, 

716, 726 
of pumps, 736 
of telodynamic transmission, 

491 
relative, 691 
thermal, 690 
volumetric, 686, 712 

Elasticity, moduli of, 246 
Elektron alloys, 380 
Elements, 324 
Ellipse, 160,161 

centre of gravity of part of, 
206 

construction of, 163, 164 
equation to, 163 
moment of inertia of, 213, 

217 
Ellipsoid, volume of, 203 
^urgy» 234 

Energy of rotating body, 235 
of springs, 261 
of water in motion, 726 

Engine, Hesselman, 709 
proportions, I.C., 701 
ratings, 689 
weights, I.C., 701 

Engines, internal combustion, 
684 

power rating of, 686 
proportions of steam, 651 
steam, 643 

Entropy of steam and water, 
665 

Epicyclic gear, 603 
Epicycloid, 157 
Equal angles, dimensions and 

properties of, 310 
Equation to circle, 162 

to ellipse, 163 
to hyperbola, 163 
to parabola, 163 
to straight line, 161, 162 

Equations, cubic, 37 
quadratic, 37 
to lines, 161 

Equilibrium of body on axle, 
223 

of forces, 218 
Equivalent evaporation, 683 

temperatures, 641 
Equivalents of British and 

C.G.S. units, 32 
of cubic centimetres in cubic 

inches, 23 
feet in cubic metres, 24 
inches in cubic centi¬ 

metres, 23 
metres in cubic feet, 24 

of feet in metres, 17 
of foot-pounds in kilogram- 

metres, 30 
of force de oheval in horse¬ 

power, 31 
of fractions in decimals, 138 

of an inch in millimetresi 
15, 16 

of gallons in litres, 25 
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Equivalents of horse-power in 
force de cheval, 31 

of inches in millimetres, 15, 
16 

of kilogrammes in pounds, 26 
per square centimetre in 

pounds per square inch, 

of kilogrammetres in foot¬ 
pounds, 30 

of kilometres in miles, 18 
in nautical miles, 18 

of litres in gallons, 25 
of metres in feet, 17 
of metric and British mea¬ 

sures, 6 
of miles in kilometres, 19 

in nautical miles, 19 
of milliers in tons, 27 
of millimetres in inches, 10 
of nautical miles in kilo¬ 

metres, 20 
in miles, 20 

of pounds in kilogrammes, 26 
per square inch in Idlo- 

grammes per square 
oentimetre, 29 

of square centimetres in square 
inches, 21 

feet in square metres, 22 
inches in square centi¬ 

metres, 21 
metres in square feet, 22 

of tonnes in tons, 27 
of tons in tonnes, 27 

Erg, 32 
Erren engine, 700 
Escribed circle, 43, 143 
Euler’s formulas for long 

columns, 254 
Evaporation, equivalent, 683 

factors of, 683, 584 
for Cornish boilers, 692 
for dry-back boilers, 694, 600 
for Lancashire boilers, 691 
latent heat of, 648 

ETaporative power of fuel, 669, 
560 

Exhaust gas analyses, 700 
Expansion, coefficients of linear, 

550 
of aluminium alloys, 379 
of gas, adiabatic, 555 

isothermal, 554 
of liquids by heat, 551 
of mercury, 551 
of water, 342 

Exponential series, 39 

Factors, 36 
of evaporation, 583, 584 

Fahrenheit scale, 540 
Falling bodies, 231 
Peed-water, gain due to heating, 

610 
Feet in metres, 17 
Ferrous alloys, 347 

strength of, 350, 388 
Fire-bars, 610 

-box, locomotive, 669 
stays, 670 

Flange couplings, 432 
Flanges, steel tube, 420, 421 
Flash point of fuels, 664 
Flat springs, defiection of, 255 
Floating ladies, 230 
Flow of gas or steam through 

pipes, 720 
Fluid pressure, 228 
Flywheels, steam engine, 664 
Focus of a conic, 160 
Foot-pounds in l^ogrammetres, 

30 
Footstep bearings, 448 

friction of, 239, 242 
Force, 218 

centrifugal, 235 
de cheval in horse-power, 31 
in belt, 478 
moment of, 219 

Forced draught, 603 
Formxdse, algebraical, 36 

trigonometrical, 41 
Fom^ation bolts, 404 
Four-stroke 684 
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Fractions, decimal equivalents 
of, 138 

of an inch in decimals, 138 
in millimetres, 16, 16 

Friction, 239 
brake dynamometer, 244 
coefficients of, 220, 239, 484 
coupling, 437 
gearing, 493 

power transmitted by, 495 
in bearings, 239 
laws of, 240 
of band on pulley, 477 
of collar bearings, 243 
of footstep bearings, 239, 

242 
of journal bearings, 240 
of mill engines and gearing, 

243 
of pumps, 736 
of rope on pulley, 484 
of steam engines, 243 
of water in pipes, 728 
resistance of, 220 
statical, 240 
work done on, 239 

Frustum of cone, 202, 208 
radius of gyration of, 217 

of cylinder, 201 
of prism, 201 
of pyramid, 202, 208 

Fuel, air for combustion of, 557 
and combustion, 557 
calorific value of, 658, 660, 

564, 698, 699 
carbon value of, 659, 660 
constituents of, 657 
evaporative power of, 559, 

660 
injection pumps, 707 
octane number of a, 696 
oil, 664, 698 
varieties of, 562 

Fuels, calorifio intensity of, 661 
flash point of, 664 
gaseous, 699 
1.0. engine, 697 

Fuels, liquid, 698 
rating of Diesel, 696 

Functions of g, 753 
of TT, 139 

Furnace tubes, 630 
Furnaces, corrugated, 631 

marine boiler, 699 
spherical, 631 

Fusion, latent heat of, 548 
temperature of, 649 

Gallons in litres, 25 
g, functions of, 753 
Gas, adiabatic expansion of, 

655 
analyses of exhaust, 700 
critical temperature of, 556 
isothermal expansion of, 554 
natural, 664 
oil, 664 
relations between volume, 

pressure, and tempera¬ 
ture, 652 

velocities, 703 
Gaseous fuels, 699 
Gas-fired boiler, 686 
Gases, specific heats of, 647, 

561 
weight and volume of, 346 

Gauges, wire, 33, 34 
Gear, epicyclic, 503 
Gearing, belt, 473 

friction, 493 
rope, 483 
toothed, 496 

Gear wheel arms, 609 
bosses, 510 
rims, 609 

Gears, bevel, 501 
for non-parallel shafts, 601 
for parallel shafts, 496 
helical, 600, 601 
hypoid, 602 
load capacity of, 604 
spiral, 600 

bevel, 601 
spur, 4^ 
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Gears, valve, 672 
worm, 602 

Generation of teeth, 497 
Geometrical mean, 38 

progression, 37 
Geometry, notes on, 141 
Gerlach’s formula for wind 

pressure, 280 
German silvers, 375 
Girder, half-lattice, 282 

lattice, 283 
stays, 635 
Warren, 282 

Gordon’s column formulae, 254 
Governors, 662 
Gramme, 32 
Graphic arithmetic, 166 
Grate area, 669 
Gravity, 32, 231 

A.P.I., 696 
centre of, 204 
specific, 324, 696 

Greek alphabet, 761 
Grinding wheel specifications, 

743 
speeds, 744, 745, 746 

wheels, 742 
Gudgeon pin, 626, 702 
Guldinus, theorems of, 204 
Gun-metal, 369 
Gusset stays, 635 
Gyration, least radii of, 287 

radius of, 211, 215 

Half-lattice girder, 282 
Hanger, “ J,” 445 

with swivel bearing, 446 
Hangers, sling, 447 
Hardness numbers, Brinell, 392 

testing, 391 
Harmonical mean, 38 

progression, 38 
Heads of water, pressures of, 

343 
Heat, 640 

balance in 1.0. engines, 692 
conduction of, 549 

Heat, expansion by, 660, 551 
mechanical equivalent of, 646 
of combustion, 558 
radiation of, 650 
transmission through plates, 

660 
unit of, 546 

Heating feed-water, gain due to, 
610 

surface of boiler tubes, 590, 
669 

Helical gears, 500, 601 
load capacity of, 604 

springs, 257 
teeth, 600 

Helix, 164 
Hemisphere, centre of gravity 

of, 208 
Hempen ropes, 268 
Hesselman engine, 709 
Hiduminium RR alloys, 378 
Hollow shaft, moment of resist¬ 

ance of, 426 
Hooke’s joint, 435 
Hooks, crane, 267 
Hoop, centrifugal tension in 

revolving, 235 
Horse-power, 233, 643, 686, 712 

in force de cheval, 31 
measurement of, 244 
of belts, 480 
of shafts, 425 
per litre, 701 
transmitted by friction gear¬ 

ing, 496 
by rope, 485, 491 

Howden-Johnson boiler, 602 
Hutton’s formula for wind 

pressure, 279 
Hydraulic accumulators, 724, 

725 
resistances, general formula 

for, 728 
stop valve, 723 
tests for boilers, 612 
transmission of power, 722 

Hydraulics, 726 








