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PREFACE TO SECOND EDITION

THE response of the public to this work has been gratifying.
Evidently there are large numbers of -people who find a need for
mathematics in an applied practical form and who require help
in the calculations that are fundamental to nearly every trade
and occupation. This enlarged edition should fill this need to a
larger extent and should prove of even greater service.

In the two years since publication of the first edition several
printings have been necessary and in each printing numerous cor-
rections, changes, and additions were made. In the second edition
these revisions became so great that certain chapters were almost
completely rewritten and a great quantity of new material was
added.

New treatment has been given to the old contents or extensive
additions have been made in nearly all of the major sections. The
addition of rules and problems relating to the speed of pulleys and
gears, together with more slide rule applications, has greatly
increased the usefulness of the arithmetical work. Weights and
measures have been completely revised and the subject of strength
of materials has been combined with the chapter on mechanics,
The chapters on machine shop practice and sheet metal work have
been rewritten and increased in size, and now include many sub-
jects which were omitted in the first edition. Radio problems, in
a small but comprehensive chapter, have been added and necessary
changes in the chapter on business mathematics have brought this_
subject up to date.

Of the new tables added the following are of especial impor-
tance: moments of inertia, section modulus, ete.; plain and differ-
ential indexing; pitches and angles for cutting spirals; flat and
standing seams; common window glass in boxes; quantity of wall

w
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paper required for various sized rooms; average characteristics
of vacuum tubes.

"Mr. Peter Agnew, A.M., instructor in business education,
New York University, has revised and enlarged the chapter on
business mathematics. Mr. David E. Brownman, C.E, and
Mr. Paul Sampson, E.E., have checked sections of which they
have particular knowledge.

HEerseErT D, HARPER.

- New York, January, 1936.



PREFACE

Tr1s book has been prepared to demonstrate how readily
mathematics lends itself to the solution of practical problems.
While it does not illustrate every type of problem, it seeks to
develop logical reasoning which, if properly cultivated, will enable
the reader to analyze his own problems and arrive at their solution
by the most direct method. It is also a reference book with a
wealth of specific information on many subjects. Whether the
book is used for reference or as a text for self-instruction, the reader
is urged to read the Introduction with some care for it contains the
key to the handling of mathematical problems.

In preparing this book the author has had the privilege of
drawing freely upon the experiences of many persons, manu-
facturers, technical societies and trade associations. To these
he extends profound thanks. He also owes a deep debt of grati-
tude to Mr. Carey W. O’Nan, C.P.A., of Philadelphia, who con-
tributed the entire section on Accounting, and to Mr. L. W.
Geisler, Jr., public utilities engineer of Plainfield, New Jersey,
whose criticisms and advice on the Electricity section were
invaluable. Lastly, he owes much to the small group of assoc-
iates who have encouraged and inspired him in his work and who
have given material help in the preparation of the manuscript.

The author has tried to give credit in the text for information
taken from other published works and sincerely hopes that no
such credit has been overlooked. He is greatly indebted to
Messrs. Joseph H. Brahdy, Elmer E. Burns, Paul V. Farnsworth,
Alfred B. Grayshon, Herbert D. Harper, Samuel Landsman, Carl
L. Svensen, and Edgar G. Shelton, whose works, published by the
D. Van Nostrand Company, Inc., have been freely drawn upon."
The most careful checking usually fails to prevent small errors
from creeping into a work of this size. The author and the pub-
lishers will be grateful for having such errors called to their
attention.

Sunnysiop, L. I, N. Y. ' St '
November, 1933 vif
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HANDBOOK OF APPLIED
MATHEMATICS

I
INTRODUCTION

HOW TO USE THIS BOOK

Mathematics is a sharp tool in the hands of one who knows
how to use it, but an ineffectual instrument to one who does not
understand its principles and range of applications. Fortunately,
there is no mystery or legerdemain connected with mathematies.
It shares with other tools the characteristic that proficiency in its
use is achieved by practice.

This book has a twofold purpose. First, it illustrates the
application of mathematics to a wide range of practical problems
by the use of fully solved illustrative examples. Second, it
presents in typically handbook form a great number of tables of
useful data which will make the book a handy reference for the
man who applies mathematics to his own problems.

The first section of this book consists of a brief review of the
operations of arithmetic, algebra, geometry and trigonometry.
The description of the principles behind these operations is left
to more specialized books. If one has not been a constant user
of mathematics, he will do well to read this section carefully,
since it contains the key to the subsequent applications.

The remainder of the book is divided into sections each cover-
ing some special trade or art, such as carpentry, electricity,
machine-shop work, etc. Each of these sections has been made to
cover the subject with a logical development from the elementary
to the more complex. If then, for example, an electrical worker
wishes to study the applications of mathematics to his entire

1
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field of work, he can do no better than to start at the beginning
of the electrical section and follow it through to its conclusion.
On the other hand, the man who is interested in the solution of a
specific problem will find the index the best guide to the section
dealing with this or a similar problem. Liberal use of the index
is recommended because some subjects are covered in widely
separated parts; for example, roofing occurs in both the carpentry
and sheet metal sections.

Any man who operates an automobile or a machine of any
kind, knows that it is to his advantage to ‘“know what it can do”
when operating under various conditions. Similarly, this book
will increase in reference value to the man who knows what
information it contains and where it is located. No man can
carry a great amount of statistical information in his head, and,
more important than knowing facts, is knowing where to find
facts quickly.

The first step in solving a problem by any method is to picture
the problem in its entirety and determine in what terms the final
result is desired. This is particularly true in mathematics. The
final result must be kept constantly in mind or energy may be
needlessly expended in arriving at unnecessary partial results.

Having determined what is wanted in the w.y of a solution,
the next step is to examine the data from which the problem is to
be solved. Perhaps this is not sufficiently complete. Then it
must be supplemented by information contained in this book or
obtained from some other source, or the solution must proceed
based on assumptions.

Simple problems may be solved most conveniently by setting
them up as one expression. As an illustration, consider the
problem of finding the distance which a train will travel in 2} hours
when running at an average speed of 36 miles per hour. If we
let 8 represent the speed, ¢ the time, and D the distance, then

D=8Xt

The problem is now completely set up and all that is required
to find the answer is to substitute the correct values and perform
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the indicated operations. ‘Correct values’’ implies proper units.
We may then substitute as follows:

D=8 Xt=236 X2} = 81 miles.

This example illustrates another very important principle in
the use of mathematics. That is, if a problem is set up as above,
how will one know in what units the answer will result? This is
simple, because the unit designations may be cancelled, raised
to powers or have their roots extracted in a manner similar to the
operations performed on numbers. Thus, if we are finding the
length of a surface whose area is 136 square inches and whose

breadth is 8 inches, we may write, Length = 126 = 17. To find

the units of the answer we may set up the units as we did the
in2 in. X i

— or ——— .

i

Cancelling “in.” in both the numerator and the denommator, the
answer is in mches

In these considerations the word ‘“‘per” has the same signifi-
cance as the bar or line of a decimal. In fact, “miles per hour”
may be written, ‘“‘miles/hour.” Then, in the previous illustra-
tion, when I) = S X {, we may write D = % X hour. The

numerical problem ‘Thus we have, Length =

hours cancel and the answer is in miles.

More involved problems and particularly those requiring the
addition of many parts, can best be solved by attacking them
step by step. Thus, in estimating the quantities of material
required for a building construction job, it is necessary to compute
the separate quantities required for the various parts of the
building and then find the sum of these quantities for the final
result.

Once a problem has been set up and the steps and operations
determined, the processes of multiplication and division and the
finding of powers, roots and reciprocals of numbers may proceed
by any one of several methods. They may be performed by
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arithmetic, by algebra, by the use of tables, by logarithms, by
the logarithmic slide rule, or by a computing machine.

This book does not attempt to dictate which' method should
be used, but generally shows the problem set up for arithmetical
solution with the understanding that the reader will select the
method which he can handle most readily and which is most
suitable for his particular problem. Arithmetical solution is the
longest process, except for simple calculations, and the practical
man will do well to acquaint himself with other shorter methods
and the types of problems to which they are most applicable.

Logarithms may be used most effectively when a problem calls
for the multiplication or division or the handling of roots and
powers of several factors. Thus, the operations indicated by
(25.136)2 X 728 X 1728 X 0.005679 ‘

33,485 X 36
mically with greater ease than by any other method. Logarithms
are also particularly adapted to the extraction of roots. Thus,
5/838.75

0.658
however, the addition and subtraction of a number of terms is
interposed in an expression also involving multiplication and
division, the use of logarithms may not be a time-saver. For
example, the operations indicated by

0.125 X 367 + 36.25 X 450.3 + 0.825 X 380
750 X 45.38 '

are a border case, since the finding of the anti-logarithms to
perform the additions may consume more than the time saved
by performing the multiplications by logarithms. The use of
logarithms is recommended whenever the multiplication or divi-
sion of trigonometric functions is involved. Thus, in solving

252.67 X cos 67° 36/,

the logarithm of the cosine of 67° 36’ may be found from the tables
with no more effort than would be required in finding the cosine
itself.

may be performed logarith-

solving is a very simple matter with this method. If,
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The ordinary slide rule is a convenient instrument for multiply-
ing and dividing when accuracy to greater than three significant
figures is not a matter of great concern. Calculations may be
made very rapidly with a slide rule and it is of great value in
making rough estimates and checking results. It is not to be
assumed from these remarks that a slide rule is a crude instrument
and inherently inaccurate. This is not true, but it is rather a
case of the inability of the human eye to evaluate the relative
lengths of short distances with greater accuracy wh.lch limits its
usefulness.

Computing machines have come into considerable favor in
many offices and where one is available it will pay a man to learn
how to perform the various operations on it. One of their particu-
lar merits is that addition and subtraction may be performed on
them as well as multiplication, division, raising to powers and
extracting square root., When computing machines are used to
compute quantities which must be checked by another person
within very narrow limits of discrepancy, as when computing
certain land measurements, it is necessary to record all of the
figures which appear on the machine, no matter if this results in
nine or ten decimal places; and also to decide on a convention as
to whether the nearest even or the nearest odd number should be
recorded when the last figure of an eliminated decimal is 5.

As with the use of many other tools, the application of a liberal
amount of common sense is necessary with the use of mathe-
matics. Thus, it would be foolish to compute to the nearest
cubic foot the quantity of sand required for a job, when sand is
sold by five-ton truckloads. Also it would be wasted effort to
measure farm land worth $50.00 an acre with the same care as
would be used in measuring city property worth thousands of
dollars an acre.

The illustrations of the last paragraph indicate that there is
an economic reason for the use of mathematics. Such is the cdse.
Correct application of mathematics leads to accuracy, accuracy
results in less waste and fewer rejections, hence a higher return
for work done.
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There is another field of applied mathematics which is not
governed by economic considerations. That is the calculation
of the strength, proportions, or security of machinery or struc-
tures on which the safety of life and property depend. Here not
only must the most care be exercised, but computations must be
checked by responsible persons and should then be preserved in
legible form. In the event of disaster, a court of inquiry to fix
responsibility will ask, ‘“Was accepted practice followed; and
was due diligence exercised in arriving at results?” Accurate
and well-preserved computations may be a big aid in establishing
affirmative answers to these questions.

One of the points in dealing with figures at which common
sense comes into greatest play is in the evaluation of the true
accuracy of figures. “Figures do not lie,” is a common expression
but not always a true one.

Let us illustrate with an example. Suppose a piece of lumber
is measured with a carpenter’s rule and is found to be 3§ inches
wide and 1§ inches thick. Changing these figures to decimals,
as is common in performing computations, they become 3.375
inches and 1.625 inches, respectively. Now, if we want to obtain
the cross-sectional area of this piece of lumber, we multiply the
breadth of the board by the thickness and obtain 3.375 X 1.625 =
5.484375 square inches. Many of the figures of this decimal have
no significance and the retention of the right number of figures
requires the exercise of judgment and a knowledge of the accuracy
with which the measurements were made and the purpose for
which the figures are to be used. In the illustration we were
told that the wood was measured with a carpenter’s rule and
presumably only to the nearest 3% inch. Then, it will be
entirely accurate to state that the cross-sectional area is 5%
square inches.

To be precise the preceding problem would be written 3.375 X
1.625 = 5.484375, the number of square inches. However, in
practical problems correct mathematical notation is usually dis-
regarded for the sake of brevity. Throughout this work the
answers are given in units which, theoretically, would not result
from operations with abstract numbers, '
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The units of a dimension often indicate the degree of accuracy.
Thus, if we are told without further qualification that a man is
b5 feet 8 inches or 68 inches tall we know that he is between 67}
inches and 68} inches tall. In other words, his height has been
measured or estimated to the nearest one-half inch and we have
no right to assume a more exact measurement. However, if we
are told that he is 68y% inches tall we- know that his height has
been measured to the nearest 45 inch and that the actual height
is between 6845 and 68377 inches.

When dimensions are stated in decimals, the decimal is an
index of its accuracy. Thus, if we are told that a bolt is 0.318
inch in diameter we can feel reasonably sure that the measure-
ment is correct to the nearest half of a thousandth of an inch or
to 0.0005 inch. This would indicate that the measurement had
been made with a micrometer caliper. However, if the diameter
is given as 0.325 inch, the 5 in the last place raises a question as
to whether the measurement was actually made to thousandths
or to half-hundredths or to quarter-tenths. As a matter of fact,
vernier calipers would give such a measurement since they are
usually graduated to spaces 0.025 inch long.

It is equally important that the final results of a problem be
expressed in rational practical units. Thus, quantities of lumber
should be given in board feet or thousand board feet, cement in
barrels, sand and gravel in cubic yards, etec. This does not imply
that it is not perfectly proper to deal with fractional quantities
during the course of the solution of a problem. This is par-
ticularly true when arriving at unit quantities. For instance, we
may state that the quantities of materials required for one cubic
yard of concrete are: 0.61 bbl. cement, 7.32 cu. ft. sand, 10.93 cu.
ft. stone. These are unit quantities, but after being multiplied
by the number of cubic yards of concrete to be made, the quantity
of cement should be given to the next nearest whole barrel and
the quantities of aggregates to the next nearest wholeé cubic yards.

These brief remarks indicate that clear logical thinking is a
necessary adjunct to the use of mathematics. It may be added
that nothing stimulates such mental procedure more than does
mathematics and hence its use will result in many indirect benefits.
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 ARITHMETIC

Definitions.—Arithmetic is the science and application of
nuinbers. Numbers are said to be concrete when they apply to
things, objects, or quantities (examples, 12 bolts, 8 bricks, and 25
watts) and abstract when they do not so apply (examples, 12, 8,
and 25).

The four fundamental operations of mathematics are addi-
tion, subtraction, multiplication and division; all necessary in
performing calculations. A proposition is a statement set forth
either with or without demonstration. It may be (1) an
aziom, or self-evident truth, without demonstration; (2) a
theorem, or truth by demonstration; (3) a problem, or ques-
tion for solution; (4) an hypothesis, or tentative or preliminary
proposition.

Signs and Symbols Used in Arithmetic.—Mathematical opera-
tions are largely indicated by signs and symbols. Thus + placed
between two numbers means that they are to be added and X
between two numbers means that they are to be multiplied by
each other.

The common mathematical symbols of arithmetic together
with illustrations of their use are as follows:

= Equals, sign of equality, is equal to, as 100 cents = 1 dollar
+ Plus, sign of addition, as 3 + 4 = 7; positive,as + § =+ 0.5
C - Minus, sign of subtraction, as 4 — 1 = 3; negative, as
—4% =— 0.5; contraction, as ¥ = 0.17 —
= Plus or minys, asy/4 =+ 2
&
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X Times, multiplication sign, multiplied by, a8 3 X 2 = 6

=+ Divided by, division sign, as 8 + 2 = 4; also -3- =4; and
8/2 =4 .

‘. Therefore, hence, as if 2+ 2=4..4—-2=2

. Because

. Decimal point

: Is to, sign of division, in ratioas3: 6

:: Formerly used in proportion for the equality sign as 2 : 3::
4:6 (read “2isto 3 as 4 is to 6 ”’), which means 2: 3 =
4:60r% =%

> Is greater than, as 4 > 3; reads “ 4 is greater than 3 ”

< Isless than, as 3 < 4; reads *“ 3 is less than 4 ”’

= Congruent sign, coincides with
o Infinity, as % = 00

| Bar 1§65 3X4+3=3Xx7=21
— Vinculum g_g'g’g 3X(@+3)=3XT7=
() Parentheses | 355, 23 X (4 +3)] = 2[3 X 7] = 42
[ ] Brackets %ég% 4{2[5(7 4+ 3) + 8] + 6

39,  —4{2(50 + 8] + 6}

{ ] Braces £958  —4{116 + 6] = 488
4/ Radical sign or square root, as V0 = 3
4/ Cube root
~/ nth root

a? A squared or second power of a, as a X a
a3 A cubed or third power of a, a8 a X a X a
a* nth power of a

;1‘ Reciprocal value of n

x Pi = 3.1416 (more accurately 3.14159265359) = ‘—”—r—(‘;—‘i’;“—;f—:-gf—"e

Notation and Numeration.—Notation is a system of repre-

senting numbers by symbols whlle numeration is a system of
naming or reading numbers.
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There are two methods of notation in use, (1) the Roman
and (2) the Arabic. The Roman has little use, the Arabic being
the notation commonly used.

Roman notation is a method of notation by letters,

1 A X L C D M
1 5 10 50 100 500 1,000

Repeating a letter repeats its value,ie., I = 1,II = 2, III = 3.
Placing a letter of less value before one of greater value
diminishes the value of the greater by the lesser, i.e.,

IX =09, XC =90

Placing the lesser after the greater increases the .value of the
greater by that of the lesser, i.e.,

VIII = 8, XIV=14, LXX=170

Placing a vinculum or horizontal line over a letter increases its
value one thousand times, i.e.:

V=5000, X=10,000, M=1,000,000
Arabic method of notation uses ten characters or figures, i.e.:

1 2 3 4 5 6 7 8 9 0

one two three four five eix seven eight nine zero

Numeration.—In the Arabic method of reading numbers, the
value of numbers increases from left to right in a ten-fold ratio.
The successive figures from right to left or from left to right are
called orders of units, the value of any order being ten times the
value of one of the order next to its right, and one-tenth the value
of one of the order next to its left.
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To read an integral number expressed in figures, begit at the right
and separate the figures by commas into periods of three figures
each. Then begin at the left and read each period as if it stood
alone, adding the name of each period except the name of the
period of units.

ItLusTRATION: Read the number 49,586,75Q,132.

Forty-nine billion, five hundred eighty-six million, seven hundred
fifty thousand, one hundred thirty-two. Note: The names
beyond billions are in order: trillions, quadrillions, quintillions,
sextillions, ete.

Addition.—Addition is the process of finding the sum of two
or more numbers. To add several numbers,

438 place the numbers in a vertical column with
1273 units under units, tens under tens, hundreds
46 under hundreds, etc. Then add the figures
391 in the right-hand column (column of units) and

2148 Ans. place the sum under this column. If there be
121 carried more than one figure in this sum write down

only the right-hand one and “ carry ” the others
to the next column to the left. Repeat until each column has
been added.
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The accuracy of the addition may be checked by writing the
sums of the columns as shown below and adding

Sum of column (1) 18
Sum of column (2) 23
Sum of column (3) 9
Sum of column (4) 1

Sum = 2148

Subtraction.—Subtraction is the process of finding the differ-
ence of two numbers by taking one number from another.
Example: 15 — 7 = 8. The minuend is the number from which
the other is to be taken (15 is the minuend in the example). The
subtrahend is the number which is to be taken from the minuend
(7 is the subtrahend in the example). The remainder is the number
which remains after the subtrahend has been taken from the
minuend (8 is the remainder in the example).

In order to subtract two figures write the subtrahend under
the minuend so that the units of one are under the units of the
other, tens under tens, etc. Take the figure in the subtrahend
from the corresponding figure in the minuend and write the
remainder directly underneath as follows:

Minuend: 56387
Subtrahend : — 12265

Remainder: 44122

If, however, the figure in the subtrahend is larger than the
figure directly above it, it is necessary to borrow one unit from the
next figure to the left. This is illustrated in the following opera
tion:

4 8
Minuend 4 313 916
Subtrahend -2 4 7 5 8

Remainder 20638
A subtraction may be checked by adding the subtrahend to
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the remainder. This sum should always equal the minuend;
The following example illustrates this operation:

Minuend 6356
Subtrahend —1728

Remainder 4628
Subtrahend 41728

Minuend 6356 (Check)

Multiplication.—Multiplication is the process of taking or
increasing one number a certain number of times and the result
is called the product. The number which is multiplied or taken a
certain number of times is called the multiplicand and the number
by which it is multiplied is the multiplier. The multiplicand and
the multiplier are known as factors.

- In performing multiplication, the multiplier is written below
the multiplicand, the units of one under the units of the other,
tens under tens, etc. Each figure of the multiplicand, beginning
at the right, is multiplied by each figure of the multiplier and the
right-hand figure of each partial product is placed in turn directly
under the figure used as a multiplier. Partial products are placed
on different lines. The sum of the partial products will equal the
required product.

Illustration: 1653 multiplicand
247 multiplier

11571
6612
3306

408291 product

Division.—Division is the process of finding how many times
one number is contained in another. The number to be divided
is called the dividend and the number by which it is divided, the
divisor. 'The result of the operation, or the number of times the
divisor is contained in the dividend, is known as the guotient,
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‘When the divisor contains but one figure, the method commonly
used is known as short division. In performing this, place the
divisor to the left of the dividend, separated by a line, and draw a
line under the dividend. Divide the first or the first two figures
of the dividend, as is necessary, by the divisor and place the
quotient under the line. If the divisor does not go a whole
number of times, the remainder is prefixed to the next figure in the
dividend and the process is repeated.

Ilustration: divide 21372 by 6

Solution: 6)21372
3562 quotient

When the divisor contains two or more figures, the method used
is known as long division. This is performed as follows: Place
the divisor at the left of the dividend, separated by a line, and
place the quotient either above or to the right of the dividend.
Divide the first group of figures which gives a number larger than
the divisor by the divisor, place the first figure of the quotient
above the dividend, multiply this figure by the divisor and place
this product below the figures divided into and subtract. The
remainder prefixed to the next figure brought down from the
dividend forms the new trial dividend. Repeat until all figures
of the dividend are brought down.

Ilustration: divide 2841020 by 364

7805  quotient
364)2841020
2548

2930

2912
1820
1820

ent—

It is very common in both short and long division that the
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divisor will not go into the last trial dividend a whole number
of times. It is then necessary to express the remainder as a
fraction. .

ExampLE: Divide 327 by 18

_ 18} -quotient
SoLuTioN: 18)327
18
147
144

. 3 1
Remainder = 86
Fractions.—A fraction is a part of any object or unit. It
consists of three essential elements, a number called a denominator
which denotes the number of equal parts into which the object or
unit is divided, a horizontal line above the denominator, called the
fraction line, and a number above the line known as the numerator
which denotes how many of the equal parts are to be taken.
Thus in the fraction £, 3 is the numerator and 4 the denominator.
This type of fraction is usually called a common fraction. To
read a common fraction, read the numerator and then the
denominator.

InLusTRATION: %, 2, % are read, one-half, three-fourths or
three-quarters, seven-elevenths.

A proper fraction is one whose numerator is less than the
denominator, as .

An improper fraction is one whose numerator is greater than the
denominator, as §.

A mirved number consists of a whole number and a fractlon
written together, as 21.

Reduction of Fractions.—A fraction may be reduced to its
lowest form (without changing its value) by dividing both the
numerator and the denominator by their greatest common divisor



16 HANDBOOK OF APPLIED MATHEMATICS

(G.C.D.). Thus the G.C.D. of 4} is 6 and if the numerator and
denominator are both divided by this number, the fraction

becomes, 12 = 1246 _2
30 30+6 5

A mixed number may be reduced to an improper fraction by
multiplying the whole number by the denominator and adding
the numerator to form a new numerator. Thus,

,_@2XH+1 9
41 = —-————2 =5

To change an improper fraction to a mixed number, divide the
numerator by the denominator. The quotient is the whole num-
ber and the remainder is the new numerator. Thus, %% = 53%.

Addition and Subtraction of Fractions.—To add fractions, the
least common multiple (L.C.M.) of all denominators must first be
determined to find a common denominator. The L.C.M. is
found by multiplying the product of the prime factors (numbers
divisible only by themselves and one) of the largest denominator
by the product of the prime factors which occur in the other
denominators but not in the largest. Thus the prime factors of

35 7 3 5
the denominators of the fractions — i and , are 2X23x2
and R%—X_?: In this.ca.se 2 X 2:X 3 contains all of the

factors in the required number of times, so 12 is the least common
denominator of these fractions.

The next step is to expand both terms of each fraction pro-
portionately so that their denominators will be equal. Thus,

3X3_ 9 5X2_ 10 7X1 7
Ix3 12 ox2 12 MM axi -1z hen all of the

expanded numerators may be placed over the common denom-

inator and the numerators added, thus,
9+104+7 26 __2 1

12 2 2" %

When mixed numbers are added they may be changed to
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improper fractions and then the same procedure as above followed.
Thus,

15 5X2 15 10 15 10415 _%_ 1
2+3 + 1 ax2 s st E s "17%
Fractions are subtracted by reducing to the smallest common
denominator as for addition and then finding the difference of the
new numerators. Thus, 1§ — § = 1§ — & = &%;and 6} — 3% =
T-HB=%-HH=14=21
Multiplication and Division of Fractions.—To multiply a
fraction by a whole number, multiply the numerator by the
whole number. The product will be the new numerator over the

. 3 _5X3 15 3
old denominator. Thus, 5 X 1= 1 “1° 3 n

To divide a fraction by a whole number, multiply the denoms
inator of the fraction by the whole number. The quotient will
be the old numerator over the new denominator. Thus,

2°°T2x5 108 T 8x3 2
To multiply one fraction by another fraction, place the product
of the numerators over the product of the denominators and

reduce to required form. Thus, )
5 2 5X2 10 5 3 1 3X1 3

83 8x3 2 121672 16x2 32

‘When mixed numbers are to be multiplied by fractions, it is
advisable to change the mixed numbers to improper fractions before
using the above procedure. Thus,

3 3 4043 $Bx3_129_,1
BX1= "3 X4 sxi 32 7

To divide a whole number or a fraction by a fraction, invert the
divisor and multiply. Thus, i +3=1X$=¢=4;8+3=§X
f=RH=%12t+ =2+ 3= X1 =2p2=T34

Cancellation.—In practical operations where the multiplica-
tion of various kinds of nurbers, including fractions is expressed,
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the process may often be shortened by cancellation. This con-
gists of taking out common factors above and below the fraction
line before multiplying. As an example, také the expression
10 X 4 X 12
25 X3 X8’
without cancellation. However, it will be noted that 5 is a com-
mon factor in the 10 and the 25, and that 4 can be factored out
of the 4 and the 8 and the 3 can be factored out of the 12. The
operation is performed by striking out the numbers and writing
above or below the remaining portion as follows:

Z 4
10X 4 X112
2BX3XB

5 2

Cancellation can be made as long as factors remain which will
cancel each other, but there is, however, a medium point where
cancellation may sometimes cease for simplicity of operation.

Decimal Fractions.—A fraction which has for its denominator
the number 10, 100, 1000, etc., may be expressed by writing only
one number and using a period or a decimal point to indicate
whether the fraction is tenths, hundredths, etec. Thus, .1 is v,
.01 is 1dv, .17 is 1%, .125 is Y%%, etc. These are called decimal
fractions or simply decimals. When written alone, 0 is usually
placed to the left of the decimal point, 0.125.

To read a decimal expressed in figures, read the decimal as if a
whole number, and add the fractional name of the lowest place.
For example, 6.18 is read 6 and 18 hundredths; 6.0018, 6 and 18
ten-thousandths.

Changing Common Fractions into Decimals.—Since the frac-
tion line indicates division it is easy to see that a fraction can be
reduced to a decimal simply by perferming the indicated operation
and dividing the numerator by the den;)mina.tor and writing the

o s . 3 8)3.000
quotient in decimal form. Thus, 8= 0375 0.375.

In this example the quotient came out exactly and the decimal

18 the exact equivalent of the fraction. Some decimals will not

This would require several operations to simplify

4
=
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come out exactly and the division should then be carried out only
as far as the nature of the work requires. Decimals are seldom
- carried out to more than five places. When the value of & decimal
correct to the nearest tenth, hundredth, thousandth, ete., is
required, 1 is added to the last required figure if the next figure is

TABLE 1
Decmvar EqQuivarents oF CommoN FRACTIONS
Fraction Decimal Fraction Decimal
* 0.016625 b3 0.515625
& 03125 3 53125
o 046875 % 546875
5 0625 % 5625
& 078125 #H 578125
& 09375 1% 59375
1 = .109375 s 2% 609375
8 125 8 625
=% .140625 # 640625
¥ .15625 # 65625
H 171875 F 1 671875
% 1875 H .6875
a3 203125 P23 703125
) 21875 3 71875
# 234375 3 F3 734375
i |
i 25 i 75
P 265625 [ 765625
K™ 28125 8 8125
1 296875 # 796875
& 3125 B 8125
& 328125 H 828125
B .34375 # 84375
# 850375 , 1 859375
3 X
5. 378 H 878
# 390625 # 890625
# 40625 8 90625
u 421875 ® .921875
& 4375 # 9375
8 .453125 @ 958125
# 46875 # 96875
# 484375 a .984375
% : 5 1 . 1
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five or more. Thus, 0.376 correct to the nearest tenth is 0.4;
correct to the nearest hundredth is 0.38.

Addition and Subtraction of Decimals.—In the addition and
subtraction of decimals, the numbers are written one above the
other in such a manner that the decimal points are always directly
in a vertical column. The operations are then performed in the
ordinary manner, care being taken that the decimal point in the
sum or the remainder is also directly in line with those above.

Example of addition: 2.0625
315.25
0.0375

317.3500

Zeros to the right of the last significant figure in a decimal may
be stricken out when they have no significance without changing
the value of the number.

Example of subtraction: 24.325
5.7036

18.6214

Multiplication of Decimals.—In multiplication of decimals,
the points are not required to fall under each other and the frac-
tions are placed so that the right-hand figures of the multiplier
and multiplicand are in the same column as when dealing with
whole numbers. The multiplication is then performed as with
whole numbers and the product has as many decimal places as the
multiplicand and the multiplier combined. That is, if the multi-
plicand has three figures to the right of the decimal point and the
multiplier has two figures to the right of the decimal point, then the
product will have 3 + 2 = 5 figures to the right of the decimal point.

Examples: 8.475 1.26
2.25 0.0012
42375 . 252
16950 126
16950 0.001512 product

19.06875 product
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Decimals, or any other number, may be multiplied by 10 by
simply moving the decimal point one place to the right; by 100
by moving the decimal point two places to the right, ete.
Examples: 10 X 46.75 = 467.5; 1000 X 0.0627 = 62.7.

Division of Decimals.—To divide decimals, multiply or divide
the divisor and the dividend by some power of 10 (10, 100, 1000,
ete.) so as to make the divisor a whole nnmber. Mark the new deeci-
inal point in the dividend by a caret (A) and proceed as with the
division of whole numbers, placing the decimal point of the quotient
above or below the caret depending on whether long or short
division is used. The quotient will then have as many decimal
places as the new dividend.

Examples: Divide 43.28 by 400. Divide 43.28 by 0.004.

409) \43.28 0.064)43.280,,
0.1082 (Ans.) 10820. (Ans.)

Divide 1728.5 by 1.356 to the near-
est thousandth.
1274.705 (Ans.)
1,356)1728,500, 000,
1356
3725
2712

10130
9492
6380
5424
9560
9492
6800
6780

Changing Decimals to Common Fractions.—Ezact Decimals,
that is, a decimal whese denominator is contained in the numerator
without a remainder. For the numerator of the fraction, use the-
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significant figures of the decimal, the denominator being 1 with
as many ciphers as there are decimal places in the decimal; reduoe
to lowest terms.

Examples: 0.75 = %% = 3; 0375 = 13015% = %.

Table 1 will be found convenient for finding the equivalent
fraction to many decimals.

Repeating Decimals.—A common fraction can be expressed
exactly by a decimal if the denominator contains no other factors
than 2 or 5; otherwise it cannot. For example, when the fraction
¥r is expressed as a decimal the quotient obtained by dividing
3 by 11 is 0.27272727, etc., however far it is carried.

A decimal that contains a constantly recurring figure or series
of figures is called a repeating decimal. 1In the case given above,
0.27272727, etc. is a repeating decimal, the series of figures con-
stantly recurring being 27. In writing a repeating decimal dots
are usually placed over the first and last figures of the repetend,
i.e., the figure or series of figures that constantly recurs. Thus,
0.272727 .. .. would be written 0.27 and 0.333...0.3

To Reduce a Repeating Decimal to a Common Fraction.—
Treat the non-repeating and the first repeating groups as a whole
uumber; subtract from this the non-repeating group treated as a
whole number; the difference will be the numerator of the fraction.
The denominator will be composed of as many 9’s as there are
repeating figures in the group, followed by as many 0's as there
are non-repeating figures. Reduce to lowest terms.

Example: Reduce 0.3 to a fraction
-0

Example: Reduce 0.27 to a fraction

—00
numer. 27 3
denom. 99 11 (Ans.)
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Example: Reduce 0.79054054

-
numer. 78975 117
denom. 99900 148 (Ans.)

Compound or Denominate Numbe:s.—A quantity expressed
in units of two or more denominations is called a compound
quantity or a compound denominate number. Thus, 41 feet is a
simple quantity; but its equivalent 4 feet 6 inches is a compound
quantity.

The process of changing the denomination in which a quantity
is expressed, without changing the value of the quantity, is called
reduction.

Reduction Descending.—To reduce a compound number to a
lower denomination, multiply the number by as many units of the
lower denomination as makes one of the higher.

Examples: Reduce 43 feet to inches: 4} X 12 = 54 inches.
Reduce 3% pecks to quarts: 33 X 8 = 26 quarts.

When the given number is expressed in more than one denomina-
tion, proceed in steps from the highest denomination to the next
lower, and so on to the lowest, adding in the units of each denomi-
nation as the operation proceeds.

Example: Reduce 10 gallons, 1 quart, 1 pint, to pints.
10 X 4 =40, + 1 = 41,41 X 2 = 82, + 1 = 83 pints. (Ans.)

Reduction Ascending.—To express a number of a lower denomi-
nation in terms of a higher, divide the number by the number of
units of the lower denomination contained in one of the next
higher; the quotient is in the higher denomination, and the
remainder, if any, is in the lower.
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Example: Reduce 227 pints to higher units.
227 + 2 = 113 qts,, +1 pt., 113 =+ 4 =.28 gal. + 1 qt.
28 gal. 1 gt. 1 pt. (Ans.)

To express the results in decimals of the higher denomination,
divide the given number by the number of units of the given
denomination contained in one of the required denomination,
carrying the result to as many places as required.

Example: Reduce 1 inch to feet. Give result in ten-
thousandths. 1 + 12 = 0.0833 ft. (Ans.)

Addition of Compound Quantities.—
Example: Add 12 feet 41 inches, 6 feet 8% inches, and 15 feet

3% inches.
ft. in. _ 8
12 4! 2
6 8% 5
15 31 4
33 15 11
— =1
3 %
+ 13
163 = 1ft. 48 in.

33 ft. 4+ 1 ft. 4% in. = 34 ft. 42 in. (Ans.)

Subtraction of Compound Quantities.—
Example: Subtract 4 yds. 1 ft. 3 in. from 6 yd. 7 ft. 1 in.
yd. ft. in.

6
6 7 1241 (1 ft. or 12 inches is borrowed
4 1 3 from 7 ft.)
2 5 10

Theyefore, the required difference is 2 yds. 5 ft. 10 in. (Ans.)
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Multiplication of Compound Quantities.—
Example: Multiply 3 ft. 45% in. by 8.
3 4% A X8=1=20
X8 !
24 32
+ 2}
34%/! — 2[ 10%”
24/+ 2[ 10%" = 26’ 10%[’
Therefore, the product is 26 ft. 10} in. (Ans.)
Division of Compound Quantities.-—
Example: Divide 122 bu. 2 pk. 7 qt. 1 pt. by 5.
bu. pk. qt. pt.
5|12 2 7 1
24 2 1 1
Therefore, the quotient is 24 bu. 2 pk. 1 qt. 1 pt. (Ans.)

Example: Divide 12 ft. 4 in. by 5 to the nearest % in.
12" 4" X 12 = 148"

148 3" 3
"o o= = — of
48"+ 5= =200 —25
3 48 98 10 5
gX16=7% o H=1%6"38

Therefore, the quotient is 2 ft. 5§ in. (Ans.)

Powers.—When a number is multiplied by itself once it is
said to be squared and the product is called the square of the
number. Thus, in 3 X 3 = 9, the 9 is the square of 3. The same
number has been used twice as a factor. The operation of squaring
a number is usually indicated by a small number called an
exponent, thus 32 = 9. A number multiplied by itself once is
said to have been raised to the second power.

Similarly, & number may be multiplied by itself twice. It is
then used three times as a factor and is said to have been cubed
or raised to the third power and the operation is indicated thus:
33 = 27, which means 3 X 3 X 3 = 27.
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A number may be raised to any power, the power being indi-

cated by the proper exponent. Thus, 48 is four to the sixth power
‘or4 X4 X4 X4 X4 X4, 310is three to the tenth, etc.

Roots.—A number may be divided into several equal factors.
Thus, 36 is the product of 6 X 6. Each of the equal factors of a num-
ber is called a root of the number. If a number is divided into two
equal factors, the root is said to be the square root; if three equal
factors, the cube-root; if four equal factors, the fourth root, ete.

A root is indicated by the symbol 4/ called the radical sign
and the degree of the root is indicated by a small number called
the root index thus /. When the radical sign has no index
number, the square root is meant, which could also be indicated
by writing /. Thus, /25 = 5 or /25 = 5. In all other cases
an index number must be used, as v/27 = 3 and /16 = 2.

The values of roots may be determined by arithmetical compu-
tation, by tke use of logarithms, or by reference to tables contain-
ing values already computed. Square roots and cube roots are
those most commonly needed and for most practical purposes, the
average man will find that the tables of these values fill his needs.
Such a table will be found on pages 23 to 36 and the values may
be read directly. The computation of square root is described
in the next paragraph, and the finding of roots by logarithms (the
most convenient method for higher roots) is dealt with on page 62.

Square Root.—The square root of a number is extracted as
follows:

Point off the number into periods of two figures each, begin-
ning with the units; if there are decimals, begin at the decimal
point, separating the whole number to the left and the decimal to
the right into such periods, supplying as many ciphers in groups
“>f two as may be desired in the decimal.

Find the greatest number whose square is less than the first
left-hand period and place this to the right of the given number as
the first figure of the root. Subtract its square from the first
left-hand period and to the remainder annex the second period for
a dividend.

Place before this as a partial divisor, double the root figure
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just found. Find how many times the dividend, exclusive of its
right-hand figure, contains the divisor, and place the quotient as
"the second figure of the root, and also at the right of the partial
divisor.

Multiply the divisor thus completed, by the second root figure
and subtract the product from the dividend. To this remainder
annex the next period for a new dividend, and double the two root
figures for a new partial divisor. Proceed as before until all the
periods have been brought down.

Example: Extract the square root of 5386.3928 to 3 decimal
places.
: 53'86.39'28'00 (73.392 (Ans.)

49
143 ) 486
429
1463 ) 5739
4389
14669 ) 135028
132021
146782 ) 300700
293564

7136

Extracting Square Root of a Fraction.—The square root of a
fraction is the square root of its numerator over the square Yoot of

9 9 3

its denominator. Th —=—==-. Wh ither th
| U \76 Vie 4 en neither the

numerator nor the denominator is a perfect square a convenient
short cut is to multiply both by & common number to convert one
or the other to a perfect square. Thus,

\/@_ 2x3_ [6_V6_ V6 _ 2449
; :

; 3x3 Vo 4o 3 2

Since the square root of a fraction often results in decimals, it is



TABLE 2
Squarms, Cuszs, SQuare Roots, Cuse Roors, o NUMBERS

1 To 1600.

No.|8quare| Cube. |Sq.Rt.| Cu. Rt. INo. Square] Cube. | 8q.Rt. | Cu. Rt.
0 0 0 {0.0000000( 0.0000000 42 25| 274 625 | 8.0622577 | 4.0207250
1 1 1 {1.0000000{ 1.0000000 43 56 | 287 496 | .124038¢ | 0412401
3 4 8 | .4142136] 2560210 u 89 63 853528 1 .

3 9 27 | .7320508] .4422496 24 ] 314 432 | .2462113 | .08165581
4 16 64 2.0000000) 5874011 47 61 509 | .3066239 | .1015661
1] 25 126 2.2360680| 1.7099759 49 00 000 | 8.3666003 | 4.1212853
6 36 216 | .4404897| .8171206 80 41 | 3567 911 | 4261498 | ,1408178
7 49 843 | .6457513| .9129313 61 84| 373 248{ .4852814 | .1601676
8 64 513 |. 71| 2.0000000 53 20| 389 017 | .5440037 | .1793392
9 81 729 3. 0800837 54 76 o 253 |- .1983364
10} 100 1000 [3.1622777] 2.1544347 56 25 { 421 875 |- 8.6602540 | 4.2171633
il 121 1 331 |.3166248] .2239801 57 76 | 438 978 7177979 | .2358236
12] 14 1728 |.4641016] .2804286 59 29 533 | 7740644 | ,2543210
13) 169 2 197 | .6055513 .3513347 60 84 | 474 552 | .8317609 | .27
141 198 R 744 | .7416574| .4101422 62 41 039 | .8881944 2908404
15 225 3 376 {3.8729833( 2.4662121 64 00 000 | 8.9442719 | 4.3
16{ 25 4 096 14.0000000{ .5198421 65 61 | 531 441 3267487
17] 28 4 913 {.1231056| .5712816 67 24 1 368 | .0553851 3444815
181 324 5 832 }.2426407! .6207414 68 89 | B71 787 | .1104338 | .36:
19) 361 6 859 89| .668401 70 56 | 592 704 | .1651514 | .3795191
20| 400 g 000 [4.4721360| 2.7144177 72 25 614 125 | 9.2195445 | 4.39
1| 441 261 | .5825757| 2.758024: 73 96 | 636 056 { .2736185 | .4140049
2| 484 10 648 | .6904158| .8020393 75 69 5031 .3273791 | .4310476
3| 529 12 167 { 7958315} .8438670 7744 | 681 4721 ,3808315 | ,4479603
4| 576 13 824 8979) 49 79 211 704 969 | ,4339811 | .4647451
25| 625 15 626 5. 2.9240177 81 729 000 } 9.4868330 14
6] 6176 17 576 | .0990195| .9624960 8281] 7 5393920 | 4979414
7172 19 683 | .1961524| 3.0000000 778 688 | .5916630 | 5143574
8| 784 21 952 | .2915026) .0365889 86 49 | 804 357 | 64365 45306549
9| 841 24 389 | .3851648| .07231 6 | 830 584 | .69535! 54
301 900 27 000 |5.4772256 3.1072325 0 25 | 8567 375 | 9.7467943 | 4.5620026
1] 961 29 791 |.5677644| .1413806 92 18 4 736 | ©.7979590 | 5788570
21024 32 768 421 .1748021 7] 94 09 ] 912 673 | .8488578 | .5947009
811089 35 937 445626 .2075343 8] 06 04 [ 941 192 | .8994949 | .6104363
4 | 11 56 39 304 | .8300519| .2396118 9| 98 01 | 970 299 | ,9498744 | .6260650
85112 26 42 876 59160798/ 3.2711 100{t 00 00 |1 000 ,00000 4,6415883
6|12 96 3019272 § 1{( 02 Ot |t 030 301 | ,0498756 | .6570095
7(13 69 50 653 |.0827625 .3322218 2|1 04 04 {1 061 208 | ,0995049 [ .6723287
8|14 44 54 872 | .1644140] .3619754 3|1 06 09 |1 092 927 | ,1488916 | .6875482
911521 59 319 | 2449980} .3912114 41 08 16 |1 124 864 | ,1980390 | .7026694
40186 64 000 ]6.3245553) 3.4199510 ]| 105/1 30 25 |1 157 625 [10.2460508 | 4.7176940
1]1681 68 921 | .4031242] .4482172 | 6[} 12 36 (1 191 016 | .2956301 | .
2|17 64 74 088 | .4807407| .4760266 71 14 49 |1 225 043 1 ,3440804 | .7474594
8({1849 79 507 | .5574385) .5033981 1 16 64 [t 259 712 | .3023048 | .76220323
4 |19 38 85 184 | .6332496] 53034 9f1 18 81 |1 205 020 | 4403065 | .77
45 | 20725 91 125 16.7082039| 3.5568333 | 110/t 21 00 |1 831 000 |10, 4.7914199
62116 97 336 | .7823300| .5830479 } 11ft 23 21 |1 367 631 ] .5356538 80589!
? 103.823 | .8556546] .60882 12{1 25 44 |1 404 028 | .5830052 8202845
812304 110 592 | .9282032| .6342411 | 13]1 27 69 |1 442 897 | .6301458 { .83 1
9|24 01 117 649 |7, 6593 14{1 29-96 |1 481 544 | .6770783 | .8488076
50 |2 125 000 [7.0710678{ 3.6840314 | 115[1 32 25 |1 520 875 |10.7238053 4
112601 132 651 |. 284 .7084298 | 16]1 34 56 Jt 560 896 7703296 | .8769990
22704 | 140 608. | .2111026) .7325111 | 17|1 36 89 I BO1 613 | 8166538 | .8907.
3 148 877 {.2801099) .75 18|11 39 24 |1 643 032 | 8627805 9048681
412016 | 157 464 | .3484692) .7797631 | 191 41 61 |l 685 159 | .9087121 | 9186847
853026 | 166 375 [7.4161985] 3.8020525 | 120{1 44 00 [t 728 000 |10.9544512 | ¢.9324243
63136 | 175 616 | .4833148] .8258624 | 1(1 46 41 |t 771 561 |11.0000000 | 9460874
7(3249 | 185193 | .54983: 8485011 2|1 48 84 |1 BI15 848 | ,0453610 | 9596757
8|33 64 | 195112 |.6157731] 87087 3i1 61 29 (1 860 867 { ,0905365 | .9731898
9 134 81 205 879 | .6811457 .89299 411 53 76 |) 06 624 | .1355287 | .9866310

60 } 36 00 6 000 |7.7459667) 3.9148676 | 125(1 56 25 |1 D53 125 |$1.1803399 | 5.0000000
113721 | 226 981 | .8102497] .0364 6]1 B8 76 |2 000 376 | 2249722 | 0132079
2138 ¢4 238 328 | .8740079| ,9578915 Ji1 61 29 2 048 383 | .2694277 0265257
8 250 04 9372539] .9790571 81 63 84 [2 097 152 3137085 | 0396843
4140 96 262 144 [8.0000000( 4.0000000 0/t 66 41 {2 146 680 | .3578167 | .0527743

65142 25 | 274 625 |8.0622577| 4.0207256 | 130j1 49 00 (3 197 000 | 11.4017543 | 6.0657970

8



ARITHMETIC

2, —SqQuaRres, CuBes, SQUARE Roots, CuBe RooTs, or NUMBERS
1 10 1600—Continued.

Square| Cube. | Sq. Rt.| Cu. Rt. lNo.lgquare Cube. 8q. Rt.{ Cu. Rt.
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16900 | 2 197 000 n.w;gs;s 6,0657970 38025 7 414 875(13.96424

71 2248 0911 .44552311 .0787531 7 536(14.00000001 8087857
74 299 968) .4891253| .0016434 7 645 373] .0356688] .8186479
76 2 352 637] .5325626| .1044687 7623921 .0712473] .828476
79 2406 104] .5758369] .1172299 7880 599] .1067360f .8382725
82 2 460 375(11.618S 5.1299278 14.1421356] 5.8480355
84 2515 456 .6619038 .1425632 8120 601 .1774469] .85776€
87 69 | 2571353 .7046999 .1551367 8242 4 21267 8674643
90 44 | 2628072] .7473401} .1676493 8365 427 .2478068 ,8771307
9321 | 2685619 .7898261] .1801015 8 459 664] .2828569 7653
0 | 2744 000{11.8321596] 5.1924941 8 615 125{14.3178211| 5.8063685
1 | 2803221] .8743422| .2048279 8741 816] .3527001] .9059406
4| 28632 .9163753] .2171034 8 869 743 .38749467 .9154817
9 | 2924 207| .9582607] .2293215 8998912 . 9249921
6 | 2 985 984|12. .2414828 9129 329| .4568323] .9344721
5 | 3048 625/12.0415946| 5.2535879 9 261 000{14.4913767] 5.9439220
6| 3112 136|. .0830460] .2656374 9393931 .5258390f .953341
9 | 3176 523 .1243557| .2776321 95281 5ROC 9627320
4 | 3241792 .1655251] .2895725 9 663 597] 5945195 .9720926
1| 3307 949 .2065556 .3014592 9 800 344 .62873 , 9814240
3 375 000;12.2474487] 5.3132928 9 938 37514. 783} 5.9907264
3 442 951) .2882057f .3250740 10 077 696
3 511 808] .3288280f .3368033 10 218 313] ,7309199] .0092450
3 581 577| .3693169| .3484812 10 360 232| .7648231] .0184617
3 52 264| .4096736] .3601084 10 503 459| .7986486] .0276502
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11390 625(15. 6.0822020
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11697 083 0665192
11852 352 .0996689)
12 008 989) .132746
12 167 000/15.1657509
12 326 391| .1986842
12 487 168] 231546
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539 203 16 003
644 672 16 194 277| .9059737] .3247035
751 269 16 387 064 .9373775| .3330256
59 16 581 375/15.9687194] 6.3413257
967 871 16 777 216/16. 3496042
077 888 16974 593] .0312195 .3578611
72 4 189 057| 17 173512 .0623784] .3660068
763 301 384 ‘ 17 373 979 .0934769{ .3743111
8025 414 875]13.96424 17 576 000{16.1245155] 6.3825043
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2.—Squares, Cuses, SQUuARE Roots, Cuse Roors, or NUMBERS
1 o 1600—Continued.
No. |Square| Cube. | Sq.Rt.| Cu. Rt. No.ISquare Cube. | Sq:. Rt. {Cu. Rt.
260 | 676 00 { 17 576 000 [16.1245155] 6.3825043 | 325(10 56 25| 34 328 125( 18.0277564| 6.8753443
1168121 | 17779581 | .1554944] .39067G5 | 6[10 62 76| 34 645976] .0554701] .8823888
2| 68644 | 17984 728 .3988279 |  7]10 69 29| 34 965 783| .0831413] .8594188
369169 |18 191 447 4069585 | 8/10 75 54| 35 287 552| .1107703] .8964345
4| 69696 | 18399 744 4150687 | 9|10 82 41) 35611 289} .1383571] 9034359
265 | 7 02 25 | 18 609 625 6.4231583 | 330[:0 89 0C| 85937 000| 15.1659021] 6.9104232
6| 707 56 | 18 821 096 4312276 | 1)1095 61| 36 264 691| .1934054| .9173964
7171289 119034163 4392767 | 2|11 02 24| 36 594 368| .2208672| 9243556
8| 7182419248832 4473057 | 3{11 08 89| 36 926 037| .2482876| .9313
9 {72361 {19 465109 4553148 | 4|11 15 56| 37 250 704] .2756669| 9382321
270 | 729 06 {19 683 000 6.4633041 | 335(11 22 25| 37 595 375] 18.3030052| 6.9451496
1173441 19902511 4712736 | 6|11 28 96| 37933 056] ,3303028| .9520533
2173984 {20123 648 4792236 | 711 3569| 33 272753] .3575598| .9589434
374529 | 20346 417 4871541 | 8|11 42 44| 38 614 472| .3847763| .9658198
4 | 75076 | 20 570 824 .4950653 |  9l11 49 21| 38 958 219] .4119526| .9726825
275 | 7 56 25 | 20 796 875 6.5029572 | 340]11 56 00| 39 304 000} 18 4390889} 6.9795321
6| 76176 | 21024 576 5108300 | 1|11 62 51] 39 651 821] .4661853] 9863681
7 | 767 29 |21 253 933 5186839 | 2|11 69 64] 40 00 688] .4932420| .9931906
8177284 |21 484 952 5265189 1 3|11 76 49] 40353 607| .5202592| 7.0000000
977841 121717 639 .5343351 | 41183 36| 40707 584] .5472370| .0067962
280 | 7 84 00 | 21 952 000 6.5421326 | 34511 90 25/ 41 063 625 18.5741756! 7.0135791
1| 78961 | 22188 041 5490116 | 6[11 97 16} 41 421 736} .6010752] 0203490
2| 79524 | 22 425 768 5576722 §  7/12 04 09] 41 781 923| .6279360] .0271058
3 | 80089 |22 665 187 5654144 | 8[12 11 04] 42 144 192] .6547581| .0338497
4 | 80656 | 22 906 304 .5731385 | 9|12 18 01f 42 508 549) .6815417| .0405806
285 | 81225 |23 149 125 6.5808443 | 35012 25 00| 42 875 000 18.7082869| 7.0472987
6 ] 81796 | 23 393 656 5885323 | 1/1232 01] 43 243 551] .7349940| .0540041
7 | 82369 | 23 639 903 5962023 | 2/12.39 04| 43 614 208] .7616630] .0606967
8| 829 44 | 23 887 872 6038545 | 312 46 09] 43 986 977| .7882942| .0673767
9 | 83521 | 24 137 569 6114890 | 412 53 16| 44 361 864] .8148877| .0740440
290 | 8 41 00 { 24 389 000 6.6191060 § 355/12 60 25( 44 738 875 ] 18.8414437| 7.0806988
1| 84681 |24642171 6267054 | 6112 67 36| 45118016  .8679623] .0873411
2| 85264 | 24897 088 6342874 | 7(12 74 49| 45 499 293] .8944436 .0939709
3| 85849 |25153757 6418522 | 8/12 81 64| 45 882 712] .9208879| .1005885
4]86436)25412184 6493998 | 9|12 88 81| 46 268 279] 9472953 .1071937
295 | 870 25 | 25 672 375 6.6569302 | 36012 96 00| 46 656 000| 18.9736660{ 7.1137866
6| 87616 | 25934 336 6644437 | 1/13 03 21| 47 045 881] 19, .1203674
7| 88209 ]26198073 6719403 | 2/i3 10 44| 47 437 928] .0262976| .12693C0
8 | 888 04 | 26 463 592 .6794200 | 313 17 69| 47 832 147| .0525589| .1334925
9 | 894 01 | 26 730 899 6868831 |  4)13 24 96| 48 228 544| .0787840 .1400370
800 | 9 00 00 | 27 000 000 6.6943295 | 365(13 32 25( 48 627 125/ 19.1049732| 7.0465695
1] 906 0t | 27 270 901 7017593 13 39 56/ 49 027 896 .1311265| .1530901
2| 91204 |27 543 608 70917 7|13 46 89| 49 430 863| .1572441] .1595988
3|91809 27818127 7165700 | 8/13 54 24| 49 836 032| .1833261| .1660957
4| 924 16 | 28 094 464 .7239 9113 61 61| 50 243 409] .2093727] .1725809
305 | 93025 | 28 372 625 6.7313155 | 370(13 69 00| 50 653 000 19.2353841| 7.1790544
6] 93636 |28 652616 7386641 | 1]13 76 41] 51 064 811] . .1855162
7194249 | 28934 443 7459967 | 2113 83 84] 51 478 848| .2873015] .1919663
8|94864 29218112 7533134 | 311391 29 51805 117| .3132079] .1984050
. 9| 95481 |20 503 629 7696143 | 4113 98 76 52 313 624| .3390796| .2048322
‘910 | 9 61 00 |29 791 000 7678995 14 06 25| 52 734 375 19.3649167] 7.2112479
11 | 9.67 21 | 30 080 231 7751690 14 13 76| 53 157 376] .3907194| .2176522
12 | 973 44 |30 371 328 7824229 14 21 29| 53 582 633] .4164878] 2240450
13 { 979 69 | 30 664 297 7896613 14 28 84| 54 010 152] .4422221] .
14 | 98596 {30 959 144 7968844 14 36 41 54 439 4679223 2367972
815 | 992 25 |31 255 875 21 14 44 00] 54 872 000/ 19.493 7.2431565
16 ( 9 98 56 |31 554 496 8112847 14 51 61{ 55306 341] 5192213 .249
17 {10 04'89 |31 855 013 8184620 14 59 24| 55 742 [ 2558415
18 {10 11 24 {32 157 432 8256242 14 66 89 56 181 887] .57 2621675
19 {10 17 61 | 32 461 759 8327714 14 74 56) 56 623 104] 59501
820 {10 24 00 {32 768 000 6.8399037 | 385/14 82 25{ 57 066 19 6214169} 7.2747864
1 {10 30 41 |33 076 161 B470213 §  6l14 83 96| 57 512 456 27| 2810794
2 |10 36 B4 | 33 386 2. 8541240 § _ 7(14 97 69| 67 960 603| .6723156| .2873617
3 [10 43 29 {33 6yR 267 8612120 { ° 815 05 44] 58 411 073| .69771
4 |10 49 76 | 34 012 224 9(15 13 21{ 58 863 860| .7230829] .
825 110 56 25 | 34 328 125 6.8753443 | 390{15 21 00] 59 319 000 19.7484177| 7.306143¢
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2. —SQuaRres, CuBEs, SQUARE Roots, Cuse Roorts, or NuMBERS
1 1o 1600—Continued.

No. SquarJ Cube. J Sq. Rt. ‘Cu. Rt. [No.| Square] Cube. |8q. Rt.| €u.Rt.
390 | 15 21 00f 59 319 000 }19.7484177) 7.3061436] 455| 20 7025 94 196 375 [21.3307200) 7.6913717
1| 1528 81] 50 776 471 3123828 7936 04818816 .3541565 .6970023
2 | 1536 64] 60 236 288 3186114] 7| 2088149] 95 443 993| 3775583| 7026246
3| 15 44 49| 60 698 457 3248205 20 97 64} 96 071 -14009346] 7082388
4| 15 52 36] 61 162 984 13310269 210681 96 702579 | 4242853 7138448
995 | 15 60 25| 61 629 875 7.3372339 21 16 00| 97 336 000 [21.4476106] 7.7194426
6 | 15 68 16} 82 099 136 3434205 21252)] 97972 181§ .4709106 .72503
7} 15 76 09| 62 570 773 2134 44} 93611128 .4941853 7306141
8 | 15 84 04| 63 044 792 13557624 2143 60| 99 252847 | .5174348] .7361877
9 | 15 92 01 63 521 199 13619178 21 52 06| 99 807 344 | 5406502 7417532
400 | 16 00 00| 64 13680630 21 62 25{100 544 625 [21.5638587| 7.7473109
1{ 16 08 01 64 481 201 3741979 2171 56{101 194 696 | .5870331 .
2 | 16 16 04] 64 964 808 13803227 21 80 89101 847 563 | ".6101828] .7584023
3 | 16 24 09} 65 450 827 13864373 21 90 24{102 503 232 | .6333077] .7639361
4| 16 32 16| 65 939 264 13925418 2199 611103 161 709 | -6564078] 7684620
405 | 16 40 25] 66 430 125 7.3986363 22 09 00{103 823 000 [21.6794834 7.7749801
6 | 16 48 36| 66 923 416 14047206 22 18 41]104 487 111 | .7025344] - .7804904
7 | 16 56 49| 67 419 143 14107950 22 27 84/105 154 048 | .7255610] .7859928
81 16 64 64 67 917 312 +4168595 22 37 20{105 823 817 |. 7485632 .7914875
9 | 1672 81 68 417 929 4229142 22 46 76/106 496 424 | 7715411] 7960745
410 | 16 81 00| 68 921 000 7.4289589 22 56 25/107 171 875 [21.7944947| 7.8024538
11 | 16 89 21| 69 426 531 4349938 22 6576{107 850 176 .8174242] .8079254
12 | 16 97 44| 69 934 528 4410189 22 75 20]108 531 333 | 8403297 8133892
13 { 17 05 69{ 70 444 997 +4470342 22 8484109 215352 | .8632111| 8188456
1® 14530399 22 94 41[109 902 239 | - 18242942
“s 14590359 23 04 00{110 502 000 [21.9089023 7.8297353
16 -4650223 2313 61[111 284 641] .9317122| .8351688
17 14709991 2323 24111 980 168{ .9544984] .8405949
18 4769664 2332 89{112 678 587 | 9772610 8460134
19 14829242 23 42 56{113 379 904 J22. ‘8514244
420 4888724 23 52 114 084 125 |22.02271 K 281
3 4948113 23 61 96/114 791 256 | .0454077| .8622242
2 25007 2371 69115 501 303 | .0680765| .8676130
3 ~5066607 23 81 44{116 214 272 | .0907220] .8729944
1 5125715 2391 21{116 930 169 | .1133444] .8783684
425 5184730 24 01 00117 649 000 [22.1359436] 7.8837352
6 15243652 24 1081{118370 771 | .1585198] .8890946
7 -5302482 24 20 64[119 095 488 | 1810730 .8944468
8 15361221 24 30 491119 823 157 | .2036033| 8997917
9 5419867 24 40 36/120 553 784 | .2261108] .9051294
430 | 18 49 00! 79 507 000 7.5478423 24 50 25(121 287 375 [22.2485955] 7.9104599
1| 18 57 61} 80 062 991 15536888 2460 16{122 023 936 | .2710575] .9157832
2 | 18 66 24| 80 621 568 15595263 2470 09122 763 473 | .2934968] .9210994
3| 187489 81182737 15653548 24 80 04123 505992 | :3159136] .9264085
4 | 18 83 56| 81 746 504 711743 24 90 01124 251 499 | 3383079 9317104
435 | 1892 25! 82 312 875 775769849 25 00 00/125 000 000 [22.3606798] 7.9370053
6 | 19 00 96 .5827865 2510 01125 751 501 | .3830293| .9422931
7 15885793 25 20 04126 506 008 | .4053565| .9475739
8 .5943633 2530 09{127 263 527 | 4276615 .9528477
9 -6001385 25 40 16{128 024 064 Lz.msm 19581144
440 7.6055049 25 50 25128 787 625 |22.4722051| 7.9633743
1 -6116626 25 60 36{120 554 216 | .4944438] 9686271
2 6174116 257049130323 843 | .51 +9738731
3 ~6231519 25 80 64/331 096 512 | .5388553 9791122
4 16288837 2590 81{131 872 229 | 5610283 9843444
445 7.6346067 26 01 00132 651 000 [22.5831796| 7.7895697
6 26403213 26 11 21133 432 831 | .6053091 .9947883
7 646027 26 21 44134 217 728 | l6274170] 8.
8 -6517247 26-31 69{135 005 607 | -6495033] 0052049
] 16574138 26 41 96[135 796 744 | .6715681] 0104032
450 .6630943 26 52 25[136 590 875 [22.6936114] 8.0155046
1 .6687665 26 62 56137 388 096 | .7156334] .020779¢
2 6744303 26 72 89(138 188 413 | .7376340] .0259574
3 -6800857 26 83 24/138 901 832 | .7596134] .0311267
4 6857328 26 93 61]139 798 359 | .7815715| . 5
a5 6913717 2704 8.0414515

140 608 000 ‘22.8035&5
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3. —SguAres, Cusss, Sguare Roors, Cuss Roors, or NUuBERS

1 To 1600—Continued.’

F———— —
No. 8quue| Cube. Cu. Rt. INo. 8qi Cube. | 8q. Rt.|Cu. Rt.
520 | 27 04 00| 140 608 8.0414515 34 22 25/200 201 625(24.1867732 8.3634466
11 27 14 41} 141 420 761 K 0 34 33 96/201 230 .2074369] .3682095
2 | 27 24 84| 142 236 648 0517479 34 45 69202 262 003| 2280829 .3729668
312735 143 055 667 0568862 34 57 44[203 297 472] .2487113| .3777188
412745 143 877 824 .0620180 34 69 21204 336 469 .2693222| .3824653
825 | 27 56 144 703 125 8.0671432 34 81 00/205 379 000/24.2899156| 8.3872065
6 | 27 66 76| 145 531 §76 0722620 34 92 81/206 425 071} .3104916] .3919423
7 | 27 77 29| 146 363 183 0773743 35 04 64{207 474 .3310501{ .3966729
812787 147 197 952 0824800 35 16 49]208 527 857 .4013981
9| 2798 148 035 889 0875794 35 28 36{209 .4061180
530 | 28 09 148 877 000 8.0926723 35 40 25[210 644 8.4108326
1| 28 19 61] 149 721 291 0977 35 52 16/211 708 736 4155419
2 | 28 30 24| 568 1028390 35 64 09]212 776 173 4202460
3 | 28 40 89| 151 419 437 1079128 35 76 04[213 847 192 4249448
4 |28 51 56{ 152 273 304 1129803 35 88 01214 921 799 42963
B35 | 28 62 25} 153 130 375 8 1180414 36 216 000 8.4343267
6 | 28 72 96| 153 990 656 .1230962 36 12 01217 081 801 .4390098
7 | 28 83 69] 154 854 153 1281447 36 24 04218 167 208 4436877
8| 28 94 44| 155 720 872 .1331870 36 36 09{219 256 227, .4483605
9 | 29 05 21{ 156 590 819 .1382230 36 48 16220 348 864 4530281
540 | 29 16 00| 157 464 000 8.1432529 36 60 25221 445 128 8.4576906
1| 29 26 81/ 158 340 421 1482765 36 72 36/222 545 016 4623479
2 | 29 37 64} 159 220 088 «1532939 36 84 49(223 648 543, 4670000
3 | 29 48 49| 160 103 007 1583051 36 96 64/224 755 712 4716471
4 | 29 59 36] 160 989 184 1633102 37 08 81{225 4762892
B45 | 29 70 25{ 161 878 625 8.1683092 37 21 00[226 981 8.4809261
6 | 29 81 16| 162 771 336 .1733020 37 33 21/228 099 131 4855579
7 | 29 92 09] 163 667 323 .1782888 37 45 44229 220 928 .4901848
8 | 30 03 04{ 164 566 592 1832695 37 57 69(230 346 397 4948065
9 | 30 14 01/ 165 469 149 1882441 37 69 96(231 475 544| .4994233
850 | 30 25 00 166 375 000 8.1932127 37 82 251232 .50403
1| 3036 01| 167 284 151 1981753 37 94 56/233 5086417
2 | 30 47 04| 168 196 608 2031319 38 06 89(234 5132435
3| 3058 09] 169 112 377 .2080825 38 19 24{236 .5178403
413069 16| 170 031 464 2130271 38 31 61/237 5224321
855 | 30 80 25 170 953 875 8.2179657 38 44 00/238 8.5270189
6 | 3091 36] 171 879 616 .2228985 38 56 41(239 5316009
7 | 3102 49} 172 808 693 2278254 38 68 84/240 641 5361780
8| 3113 64]173 741 112 2327463 38 81 29/241 804 367 5407501
9 | 31 24 81/ 174 676 879 08| .2376614] 4] 38 93 76(242 970 624 5453173
560 | 31 36 00} 175 616 000 8.2425706 39 06 25/244 140 625(25.0000f 8.5498797
113147 21]176 558 48 6] .2474740 6] 39 18 76/245 314 376 5544372
2 | 31 58 44| 177 504 328 2523715 39 31 29{246 491 88. 5589899
3 | 31 60 69] 178 453 547 2572633 39 43 84/247 673 152 5635377
41 318096| 179 406 144 .2621492 39 56 41/248 858 189, .5686807
565 | 31 92 25| 180 362 125 2670294 39 69 00/250 8.5726189
6 | 32 03 56 181 321 496 .2719039 39 81 61251 5771523
7 | 32 14 89 182 284 263 2767726 39 94 24]252 435 968 .5816809
8 | 32 26 24} 183 250 432 .2816355 40 06 89253 .5862047
9 | 32 37 61{ 184 220 009 .2864928 40 19 56/254 5907238
870 | 32 49 00| 185 193 000 8.2913444 40 32 25[256 047 875 8.5952380
1]326041]186 169 411 2961903 40 44 96[257 259 456 5997476
2] 3271 84) 187 149 248 3010304 40 57 69(258 474 853] 6042525
3| 328329)188 132517 .3058651 40 70 44{259 6! 6087526
4 | 32 94 76| 189 119 224 .310694 40 83 21260 917 119 .6132480
575 ) 33 06 25} 190 109 375 8.3155175 40 96 00262 144 000(25.2982213 8.6177388
6] 33 17 76| 191 102 976 3203353 41-08 81/263 374 721} .3 6222248
7 | 33 29 29] 192 100 033 3251475 41 21 64/264 609 6267063
8 | 33 40 84] 193 100 552 3299542 41 34 491265 .6311830
9 | 33 52 41] 194 104 539 47 41 47 36/267 K
580 | 33 64 00| 195 112 000 8.3395509 41 60 25/268 8.6401226
1]337561]196 122 941 +3443410 41 73 16/269 6445855
2 | 33 87 24] 197 137 368 3491256 41 86 09/270 6490437
8] 3398 89] 198 155 3539047 41 99 04]272 097 79 6534974
4 10 58] 199 176 704 3586784 42 12 01]273 359 44 6579465
585 | 34 22 25{ 200 201 625 8.3634466 4225 4 625 000) 8.6623912




ARITHMETIC

2.~SQuARrEs, CUBES, SQUARE RoorTs, Cuse Roors, or NuMBERs
1 70 1600—Continued.

No. Bquarel Cube. | 8q. Rt.| Cu. Rt. [No| Squnre‘ Cube. | 8q.Rt.| Cu. Rt.
650 274 625 000 715 51 12 25/365 525 87
1 275 894 451 16| 51 26 56]367 061 66|
2 271 167 17| 51 40 89/368 601 81.
3 278 445 077 18] 51 5524370 1
4 279 726 264 51 69 61371 694
655 281 011 375 720 51 84 00373 248
6 282 300 416 1} 51 08 41 805 361
17 283 593 39. 52 12 84376 367 04
8 284 890 312 3] 52 27 29:377 €33
9 286 191 179 52 41 76{379 503 4
660 287 496 000 725} 52 56 25[381 078 1
1 288 804 781 52170 82 657 17
2 290 117 528 71 52 85 29{384 240
3 201 434 247 52 99 84/355 828 3
4 292 754 944 53 14 87 420 489/27.
668 294 079 625 7301 5329 89 017
6 295 408 29 1] 63 43 90 617 891
7 296 740 963 53 58 24{392 223 1
8 298 077 632 3| b3 72 89{393 832 837
[ 299 418 309 83 87 56[395 446
470 300 763 000 735 54 02 25[397 065
1 302111 711 54 16 96398 688
2 303 464 448 7] 54 31 69{400 315
3 304 821 217 8| 54 46 44|401 947
4 306 182 024 9| 54 61 21(403 583
675 307 546 875 740( 54 76 00]405 224
6 308 915 77 1} 54 90 81406 869 021
7 310 288 733 2| 5505 08 518 488
8 311 665 752 38| 5520 10 172 407} .
9 313 046 839 4{ 6535 4| .27
680 314 432 000 j26, 745| 55 50 3 493 625/27.2946881
1 315 821 241 6| 55 65 16/415 160 93
2 317 214 568 7| 55 80 16 832 723
3 318 611 987 55 95 18 508 992|
4 320 Q13 504 56 10 20 189 749,
685 321 419 125 750 56 25 00{421 875
[] 322 828 856 1] 56 40 23 564 751
7 324 242 703 2| 56 55 04425 259
8 325 660 672 3| 56 70 09/426 957
9 327 082 769 4| 56 85 16[428 661
690 328 509 000 755( 57 00 25430 368
1 329 939 371 57 15 36/432 081 21
2 331 373 888 7| 67 30 49433 798
3 332 812 557 57 45 64/435 519 51
4 334 255 384 9! 57 60 245 479
695 335 702 375 57 76 00{438 976
6 337 1563 536 1| 57 91 711 081
7 338 608 873 58 06 450
8 340 068 3923 3| 58 21 194
9 341 532 099 4] 58 36 943
700 343 000 000 765| 58 52 697
1 344 472 101 6] 58 67 455
2 345 948 408 7] 58 82 217
3 347 428 927 8 58 98 984
4 348913 664 9] 59 13 756
705 350 402 625 7701 59 29 533
[ 351 895 818 "1 59 44 314
7 353 393 243 59 59 099
8 354 894912} .605269 5978 889
9 356 400829 | 6270539| .9160311] 4] 59 90 684
710 357 911 000 {26.6458252| 8.9211214] 775 60 06 484"
11 359 425 431 6] 60 21 288
12 360 944 128 7] 6037 097
18 362 467 097 8| 6052 910
14 363 994 344 9| 60 68 729
715 365 825 875 780{ 60 84 652
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2, =-Squares, Custs, SQuare- Roors, CuBe RooTs, o* NUMBERS
1 10-1600—Continued.
No.|8quare| .Cube. Sq. Rt. | Cu. Rt. [No.|Square{ Cube. Cu. Rt..
780} 60 84 001 474 552 000[27.9284801| 9.2051641] 845 71 40 25/ 603 351 125 4540719
1} 60 99 61} 476 379 541 .9463772 .2000962] 6| 71 57 16| 605 495 736 4577999
6115 24] 478 211 768| .9642629] .2130250] 7| 71 74 09| 607 645 42; 4615249
3| 61 30 89| 480 048 687| 9821372 .2169505 71 91 04| 609 800 192 .4652470
4] 61.46 56{ 481 890 304/28.0000000 .2208726] 9| 72 08 01| 611 960 049 4689661
785| 61 62 25| 483 736 625/28.0178515] 9.2247914] 850( 72 25 00| 614 125 000]20.1547595! 9.4726824
6177 96| 485 587 656/ .0356915| .2287068] 1| 72 42 01| 616 295 051 4763957
7| 6193 69} 487 443 403 .0535203| .2326189] 2| 72 59 04| 618 470 208 .48010€1
62 09 44f 489 303 872 .0713377| .2365277) 3| 72 76 09| 620 650 477 4838136
9} 62 25 21} 491 169 069| .0891438| .2404333] 4| 72 93 16| 622 835 864 4875182
790] 62 41 00{ 493 039 006/28.1069386] 9.2443355] 855 73 10 25| 625 026 375/29.2403830| 9.4912200
1] 62 56 81} 494 913 671| .1247222| .2482344] 6| 73 27 36| 627 222 016 4949188
2| 6272 64| 496 793 088{ .1424946| .2521300] 7| 73 44 49| 629 422 793 4986147
3| 6288 49( 498 677 257| .1602557( .2560224 73 61 64 631 628 712| 5023078
4] 63 04 36| 500 566 184] .1780056] .2599114] of 73 78 81{ 633 839 779 .5059980
795! 63 20 25| 502 459 875/28.1957444| 9.2637973] 860( 73 96 00| 636 056 000/29.3257566/ 9,50968
63 36 16| 504 358 336] .2134720] .2676798{ 1| 74 13 21| 638 277 381 5133699
2| 63 52 09} 506 261 b73| .2311884] .2715592 74 30 44 640 503 928 5170515
8| 63 68 04] 508 169 592 .2488938] .2754352] 3| 74 47 69| 642 735 647 .5207303
9| 6384 01f 510 082 399] .2665881| .2793081) 4| 74 64 96] 644 972 B4 5244063
800{ 64 00 00| 512 000 000/28.2842712| 9.2831777] 865| 74 82 25| 647 214 625/20.4108823| 9.5280794
1] 64 16 01 513 922 401] .3019434| .2870440] 6| 74 99 56| 649 461 896} 5317497
2| 6432 04] 515849 608| .3196045| .2909072] 7| 75 16 89| 651 714 363 5354172
3| 64 48 09| 517 781 627| .3372546] .2947671] 8| 75 34 24| 653 972 032 .5390818
4| 64 64 16| 519 718 464] .3548938] .2986239] 9| 75 51 61| 656 234 909 5427437
805 64 80 25| 521 660 125/28.3725219] 9.3024775] 870| 75 69 00! 658 503 000[29.4957624| 9.5464027
6| 64 96 36| 523 606 616| .3901391{ .3063278) 1| 75 86 41] 660 776 311 5500
7| 65 12 49| 525 557 943| .4077454] .3101750] 2| 76 03 84| 663 054 848 5537123
8| 6528 64] 527 514 12| .4253408| .3140190] 3| 76 21 29| 665 338 617, .5573630
9l 65 44 81| 529 475 129| .4429253| .3178599] 4| 76 38 75| 667 627 62 .5610108
810{ 65 61 00| 531 441 000(28.4604989| 9.3216975] 875| 76 56 25 669 921 87529.5803989| 9.5646559
11} 6577 21| 533 411 731] .4780617| .3255320{ 6] 76 73 76| 672 221 376 .5682982
12| 65 93 44] 535 387 328 .4956137 .3293634] 7] 76 91 29| 674 526 133 5719377
13| 66 gs 69| 537 367 797] .5131549| .3331916] 8l 77 08 84 676 836 152 .5755745
14| 66 25 96| 539 353 144| .5306852| .3370167) 9| 77 26 41| 679 151 439 5792085
815] 66 42 25| 541 343 375/28.5482048| 9.3408386] 880} 77 44 00| 681 472 00029.6647939| 9.5828397
16{ 66 58 56| 543 338 496 .5657137| .3446575] 1} 77 61 61) 683 797 841 5864682
17] 66 74 89| 545338 513] .5832119] .3484731) 2! 77 79 24| 686 128 968 5900939
18] 66 91 24| 547 343 432| .6006993| .3522857] 3| 77 96 89| 688 465 387 5937169
19| 67 07 61| 549 353 259| .6181760] .3560952] 4] 78 14 56| 690 807 104 .5973373
820( 67 24 00] 551 368 000/28.6356421] 9.3599016] 885! 78 32 25| 693 154 125/29.7489496] 9.6009548
1| 67 40 41/ 553 387 G61 .3637049] 6} 78 49 96| 695 506 456] .6045696
2| 67 56 84] 555 412 248] 3675051} 7| 78 67 69| 697 864 103 6081817
3| 67 73 29| 557 44} 767 .3713022] 8 78 85 44| 700 227 072 6117911
4] 67 89 76/ 559 476 224 ,3750963] 9| 79 03 21} 702 595 369 6153977
825| 68 05 25| 25/28.7228 890( 79 21 00/ 704 969 000/29.8328678| 9.6190017
6| 68 22 76| 1| 79 38 81| 707 347 971 .6226030
7| 68 39 29 2| 79 56 64{ 709 732 288 6262016
8| 68 55 84 3| 79 74 49| 712 121 957 .6297975
9l 68 72 41 4] 7992 36( 714 516 984] .8998328| .6333907
830} 68 89 895 80 10 25| 716 917 375/29.9 9.6369812
1} 69 05 61 6| 8028 16| 719 323 136 6405690
2| 69 22 24 7| 80 46 09| 721 734 273 6441542
3} 69 38 89) 8| 80 64 04| 724 150 792, 6477367
69 55 56 9| 80 82 01| 726 572 699 .6513166
835 69 72 2! 900 81 00 00] 729 000 000;30.0000 9.6548938
69889 1| 81 18 01 731 432 701 6584684
7| 70 05 6! 2| 81 36 04 733 870 808} 6620403
8 70 22 44 3| 81 54 00| 736 314 327 .6656096
9| 7039 21 4j 8172 16 763 264 .6691762
70 56 00f & 905] 81 90 25| 741 217 625 9.6727403
1| 7072 8% 6| 82 08 36| 743 677 416 6763017
2| 70 89 6. 7| 82 26 49| 746 142 643 6795604
71064 8| 82 44 64| 748 613 31 .6834166
41 71233 9| 82 62 81/ 751 089 429] .1496269| .6369701
71 40 25 910{ 82 8t 9.6905211

00| 753 571 ooolso.wozﬁsé'




ARITHMETIC

2. —Squares, Cuses, SQuare RooTts, Cusz Roots, o NUMBERS

1 To 1600—Continued.

No_l&mml Cube. | 8q. Rt. l Cu. Rt. INo. Square.| Cube. | 8q. Rt. | Cu. Rt.
910} 82 81 00| 753 571 000130.166206 95 06 25/ 926 5i31.224! 159624
82 99 21| 756 058 031] .182776 952576 929 714 176] .2409987] .9193513
83 17 44] 758 550 1993377 95 45 2 574 9227379
83 35 69| 761 048 497| .2158899) 9564 84] 935 441 352] .2720915] .9261222
83 53 96| 763 551 944| .2324329 95 84 41| 938 313 739 .2889757] .9295042
83 72 25| 766 060 875/30.2489669 96 04 00 941 192 000131.3049517 9.9328839
83 90 56| 768 575 296| .2654919 96 23 61) 944 076 141) .3209195] .9362613
84 08 89| 771 095 213| 06 43 24| 946 966 168] .3368792] .9396363
84 27 24} 773 620 632, 96 62 80| 949 862 087} .35283 9430092
84 45 61/ 776 151 559) 315012t 96 82 56 952 763 904| .3687743| .9463797
84 64 00{ 778 688 000[30.331501 97 02 25 955 671 1.3847097] 9.9497479
84 82 41] 781 229 961 A 938 585 4 9331138
85 00 84| 783 777 448 97 41 69 504 4165561 9564775
8519 97 61 44] 964 430 272 .4324673( .9!
85 37 97 81 21| 967 361 669 .4483704] .963198%
85 56 98 01 299 1.4642654 9.
8574 98 20 81| 973 242 271 .4801 9699095
8593 98 40 191 488 .4960315) .9732619
86 11 98 60 49| 979 148 657| 5119 9766120
86 30 98 80 107 784 5277 9799599
86 49 99 0025/ 985 074 875131.5436206| 9.9833055
86 67 99 20 1 047 936 5594677 .9866488
86 86 7] 99 40 09 991 026 973| .5753068 .9899900
8704 99 60 994 011 9921 .5911 9933289
8723 9| 99 80 01) 997 002 .6069613| .9966656
87 42 1 00 00 00;1 000 000 000/31.6227766{10.0000000
87 60 1{t 00 20 01{1 003 003 001} . 0| .0033323
87179 1 00 40 04{1 006 012 008! . K 23
8798 3]t 00 60 091 009 027 027 .6701752] .0099399
88 17 21 41 00 80 16{1 012 048 064| .6859590] .0133155
88 36 1 01 00 25]1 015 075 125(31.7017349/10.0166389
88 54 81 61 01 20 36]1 018 108 216| .717 0199601
88 73 64! 7|1 01 40.49]1 021 147 343] .7332633] .0232791
88 92 49 811 01 60 64]1 024 192 512 .7490157) .0265998
89 11 36 73 9|1 01 80 811 027 2 7647603 0299104
89302 8911010{1 02 01 00{1 030 301 000/31.7804972]10.0332228
89 49 16 111 02 21 21}1 033 3 .7962262| .0365330
89 68 09| .8201169) 121 02 41 44]t 036 4 8119474] .0398410
89 87 04 .8235723} 13|1 02 61 69]1 039 509 8276609 .0431469
90 06 01 .8270252] 141 02 81 961 042 590 744| 8433666 .0464508
90 25 9.8304757]10151 03 02 25/1 045 678 375/31.8590646]10.0497521
90 44 .8330238) 16{1 03 22 56|11 048 772 096| .8747549] .0530514
90 63 83736950 17)1 03 42 89{1 051 8
90 82 8408127} 18{1 03 63 24]1 054 9
9101 8442536f 19|1 03 83 61{1 055 089 859
91 20 25 1020{1 04 04 00{1 061 208
91 39 36 2111 04 24 41}1 064 332 261
91 58 49 1 04 44 84{1 067 462 648
91 77 64 1 04 65 29(1 070 599 167, 3
91 96 81 1 04 85 76{1 073 741 8243
2 16 1 05 06 251 076 890 62532.0156212{10.0826484
92 35 21 1 05 26 761 080 045 123
92 54 44 105 47 29]1 083 206
92 73 69| 105 67 84j1 086 3
92 92 9 10588 089 5
93 12 25 106 09 00[1 Q92 7
93 31 56 106 29 0959
93 50 89 1 06 50 24{1 099 104
93 70 24 1 06 70 89/1 102 302 937
93 89 61 106 91 103 507 3
4 09 1 07 12 25/1 108 717 87
9428 41 1 07 32 111 934
94 47 8 1 07 53 69(1 115 157 653
94 67 29| 1 07 74 44/1 118 386 87
94 86 76! 107 95 21/1 121 622 319
975 95 06 2! 10816 124 864
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2.—Squares, Cuses, SQuare Roors, Cuse Roors, or NumsErs
1 10 1600—Continued.
Mo.| 8quare| Cube. 8q. Rt. | Cu. Rt.[No.| Square| Cube. | 8q. Rt.| Cu. Rt.
104011 08 16 00{1 124 864 000{32.2490310}10.1315841}1105]1 22 10 251 349 232 625(33.2415403/10,3384181
41]1 08 36 811 128 111 921 .2645316] .1343403 6]t 22 32 36]1 352 899 016 .2565783| .3415358
1 08 57 64/t 131 366 .2800248] .138084 122 54 49]1 356 572 043 .2716095 .3446517
4311 08 78 49(1 134 626 507 .2965105] .1413266] 81 22 76 64]1 360 251 712| .2866339] .3477657
1 08 99 36(1 137 893 184| .3109888| .144566: 1 22 98 81]1 363 938 016516{ 3506778
104511 09 20 251t 141 166 125/32.3264598(10,147804 1 23 21 00]1 367 631 ,3166625{10.3539880
1 09 41 16]1 144 445 336 .3419233| .15104061 11[1 23 43 21{1 371 330 631] .3316: 3570064
47|1 09 62 0911 147 720 823 .3573794] .154274 123 65 44/1 375 036 928| .3466640 .3602029
109 83 0411 151 022 592 .3728281 1 23 87 69|1 378 749 897| .3616! 3633078
10 04 01]1 154 320 649( .3832695] .1607: 124 09 96[1 382 469 544| .37 3664103
105011 10 38 0011 157 625 000{32.4037035/10.1 51 24 32 25]1 386 195 875/33.3916157/10.3695113
51{1 10 46 01(1 160 935 651| .4191301 (1 24 54 56{t 380 928 896] . 261
1 10 67 04/1 164 252 608 .4345495 1 24 76 89]1 393 668 613] .421 3757076
1 10 88 09{1 167 575 877 .4499615 124 99 24]1 397 418 032 .43 .378803
111 08 1611 170 905 464 7 125 21 61(1 401 168 169| 4514573 .3818965
206511 11 30 25/1 174 241 375(32.4807635 1 25 44 00j1 404 928 11{10,3849882
1 11 51 36/1 117 583 616 .4961536] .1832868 125 66 41(1 408 604 561} .4813381| .3880781
B7/1 11 72 4911 180 932 193| .5115364] .1865002] 22]1 35 88 841 413 467 3911661
111 93 6411 184 287 112| 5269119 .1807116 26 11 29]1 416 247 867 5111921 m
112 14 811 187 648 370| .5422802] .1920209] 24{1 26 33 76|t 420 034 ,526109
306011 12 36 0011 191 016 000{32.5576412]10.196128381135|1 26 56 25|11 428 828 1 5410196/10.4004193
61j1 12 57 21/1 194 389 981| .5729949| .1993336} 261 26 78 76|t 427 628 376] .5559234] .403
1 12 78 44)1 197 770 828} 415 2025369 127 01 29{1 431 435 383| 5708 ADB5T!
113 99 69]1 201 157 047] . .2057382] 28[1 27 23 84]1 435 349 152| .5857112] .4096557
1 13 20 06]1 204 550 144] .6190129] .208937 1 27 46 411 439 069 689| 6005952 .4127310
1065{1 13 42 25/1 207 949 625/32.6343377/10.2121347]11301 27 69 00jt 442 897 6154726]10.4158044
66]1 13 63 56/1 211 355 496 .6496554] .2153300 137 91 611 446 731 091} .6303434| .4188760
6711 18 84 89i1 314 767 763| .6640659] .2185233] 32|t 28 14 24]1 450 571 968| .8452077] .4219458
1 14 06 34]1 218 186 432] 6802693 128 36 80(1 454 419 637| . 53| .4250138
1.14 27 61]1 221 611 509] 6953 .22 1 28 59 56[t 458 274 104] .6749165 .4280800
207011 14 49 0011 225 043 000{32.7108544/10.22809 1 28 83 25(1 462 135 375/33.6897610{10.4311443
711 14 70 41(1 228 480 911] 7261363 1 29 04 96i1 466 003 456 .7045991) .4342069
L 14 91 8411 231 025 248 7414111 1 29 27 69]1 469 878 353] .7194306] .4372677
115 13 29]1 235 376 017 756678 1 29 50 4411 473 760 072 .7342556 .4403267
7411 15 84 76/1 238 833 224] 771939 129 73 21{1 477 648 619] .7490741| .4433839
1 15 B6 2511 242 296 875{32.7871926]10.2: i1 29 96 00[1 481 544 000/33.7638860[10.4464398
76(1 15 77 76{1 245 766 976] .802438 41]1 30 18 811 485 446 221| 7786515 ,4494029
115 99 2911 249 243 538 2]1 30 41 641 489 355 79349 4525448
1 16 20 841 252 726 552 i1 30 64 4911 493 271 207 A555948
79]1 16 43 41]1 256 216 039} 1 30 87 36{1 497 193 984 4586431
1 16 64 00\1 259 713 000[32 5{1 31 10 251 501 123 62533.8378486]10.4616896
‘8111 16 85 8111 263 314 44 6{1 31 33 16]1 505 060 136] .8! 4847343
117 07 24]1 266 723 868 181 56 0V mmgm 867 4619778
1 17 28 89|1 270 238 787 Bi1 81 79 04]1 512 953 792 .8821487| .4708188
117 50 56{1 273 760 132 02 0111 516 910 949 4738579
1 17 72 25{1 277 289 125} 50{1 82 25 00[1 520 875 .0116499110.4768055
1 17 93 96{1 280 824 054 132 48 01/1 524 845 951 .9263909] .4799314
8711 18 lMSgI 132 71 041 528 823 H411255 4829656
88i1 18 37 4411 287 913 4 1 32 94 09/1 532 808 577| .9558537] .4859980
1.18 59 21/1 291 467 96 B4]1 33 17 16/1 536 800 264] 9705755 .4830286
118 81 00[1 295 020 000}: 5511 33 40 251 540 798 875(33.9852910{10.4920575
911 19 02 81(1 208 596 571 561 33 635 36{1 544 804 416(34. 4950847
1 19 24 64/1 803 170 688 1 33 86 49/1 548 816 893] .0147027] .4981101
1 19 46 40{1 805 751 357 53I1 34 09 64[t 552 836 312| .0293990| .5011337
19 68 36{1 309 338 B8 1 34 33 8111 556 862 679] 0440890 .5041556
1 19 90 25(1 812 932 37533 80{1 34 56 00{1 560 896 000[34.0587727(10.5071757
1 20 12 16{1 316 532 736 134 79 21(1 564 936 281{ .0734501 .5101943
971 30 34 09{1 320 139 673 185 02 44/1 568 983 528] .0881311] .5132109
1 20 56 04/1 823 753 192 13525 60(1 573 037 747 .1027858] .5162259
1 30 78 01{1 337 373 299 841 35 48 96[1 577 098 944| .117 .5192391
31001 21 00 00{1 331 000 00K 85{t 35 73 25[1 BS1 167 12534.13 5222508
{1 31 42 011 334 633 86{1 35 95 56]1 585 242 21467422 5252604
1 3144 04/1 838 273 208 136 18 89]1 589 324 483] .1613817] 52826885
t 31 66 0911 841 919 Bi1 36 42 24/1 593 413 632 .1760150{ .5312749
13188 1 lggm 186 65 81/1 597 509 809] .1906420] . 5
23 10 25{1 340 232 6213 {1 36 89 001 601 613 000/34.2052627(10.5372835




ARITHMETIC

2~Squares, Cuses, SQuare Roors, Cuse Roors, or Numszrs

1 70 1600—Contifdued.
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191 933 899] .041 9111298
197 000 000;36.0555128(10.9139287
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2,~—-SQuarss, Cues, SQuare Roors, Cuse Roots, or NUMBERS
1 To 1600—Continued.

No.i Square| Cube. | Sq.Rt. | Cu. Rt. |No. Square| Cube. | 8q. Rt. | Cu. Rt.
300{1 69 00 00{2 197 000 060{36.0555128]10.9139287}1365(1 86 32 252 543 302 125(36.9459064}11.0928775
141 69 26 01/2 202 073 901 .0693776 .916726%5 1 86 59 56(2 548 895 .9594372] .0955857
21 69 52 04/2 207 155 .0832371] 91952280 67[1 86 88 892 554 497 863 .9729631| .0982926
3/1 69 78 09(2 212 245 127| .0970913] .9223177] 68{1 87 14 242 560 108 032] .9864840 .1
170 04 16|12 217 342 464] .1109402] .9251111] 69/1 87 41 61|12 565 726 409/37.0000000] .1037025
51 70 30 252 222 447 625(36.1247837(10.9279031]+370/1 87 69 00{2 571 353 000/37.0135110/11.1064054
61 70 56 362 227 560 616] .1386220] .9306937] 71t 87 96 41/2 576 987 811 .0270172 ,1091070
170 82 4912 232 681 443} .1524! 33 72|1 88 23 84(2 582 630 848 .0405184| .1118073
81 71 08 64|12 237 810 112] .1662826] .9362706f 73|1 88 51 29/2 £88 282 117| .0540146/ .1145064
171 34 81{2 242 946 629| .1801 939 74]1 88 78 76/2 593 941 624 .0675060] .1172041
171 61 002 243 091 000{36.1939221/10.94184141375(1 89 06 25/2 599 609 375(37.0809924111.1199004
171 87 21j2 253 243 231| .20773: 9446253 761 89 33 762 605 285 376/ .0944740 .1225955
1172 13 442 258 403 328 .2215406] .9474074] 771 89 61 292 610 969 633 .1079506] .1252893
3|1 72 39 68{2 263 571 .2353419) 95018808 78{1 89 88 84(2 616 662 152| .1214224] .1279817
172 65 962 268 747 1 .2491379] .9529 791 90 16 41{2 622 362 939 .1348893] .1306729
Bl1 72 92 25{2 273 930 875/36.2629287/10.9557451]1380{1 90 44 00{2 628 072 000]37.1483512/11.1333628
61 73 18 B56{2 279 122 496 .276714 585. 190 71 61/2 633 789 341| .1618084| .1360514
173 44 892 284 322 013] .2904946] .9612965 1 90 99 242 639 514 17521 .1387386
81 73 71 242 289 529 432 .3042697| .964070Y 1 91 26 B9[2 645 248 887 .1887079] .1414246
9|1 73 97 61|2 294 744 759 .3180396] .9668 191 54 66{2 650 991 104 .2021505( .1441093
174 24 00{2 299 968 000/36.3318042|10.9696131]1385(1 91 82 25!2 656 741 625/37.2155881{11.1467926
174 50 41J2 305 199 161] .3455637| .9723825 86/1 92 09 96/2 662 500 456] .22902 .1404747
221 74 76 84/2 310 438 2 3593179 975150 192 37 69;2 663 267 6 .2424489] .1521555
175 03 292 315 685 267| 3730670 .9779171} 881 92 65 442 674 043 07. 558720] .1548350
175 29 762 320 940 38681 98068 192 93 21{2 679 826 869] .2692903 .1575133
5i1 75 56 25|12 326 203 125/36.400549410.98344641390/1 93 21 00[2 685 619 2703711.1601903
61 75 82 7612 331 473 976 .41 9862084 193 48 812 691 419 471f .2961124) .16
1 76 09 29i2 336 752 7. 4280112} .9889696 193 76 64]2 697 228 30951 1655403
2811 76 35 84(2 342 039 552 .4417343[ .9917293 194 04 4912 703 045 457| .3229152] .1682134
81 76 62 412 347 334 4554523 9944876 941 94 32 362 708 870 984] .3363094] .1708852
330{1 76 89 002 352 637 000/36.4691650{10.99724451395/1 94 60 252 714 704 875(37.349698811.1735558
111 77 15 61(2 357 947 691] .4828727}11.0000000 194 88 162 720 547 136/ .3630834] ,1762250
2(1 77 42 24/2 363 266 3 4965752 .0027541, 195 16 092 726 397 773] .3764632| .1788930
83(1 77 68 89/2 368 593 037] 5102725{ 0055069 9811 95 44 04/ 732 256 79: 8382 .1815598
34{1 77 95 56/2 373 927 704] .. 7] 0082583 19572 012 738 124 199] .4032084] .1842252
31 78 22 252 379 270 375/36.5376518{11.0110081400i1 96 00 00{2 744 000 000[37.4165738}11.1868894
36i1 78 48 9612 384 621 551 ,-0137568 1 96 28 0112 749 884 201 .42993 1895523
1 78 75 692 389 979 7 56501 .0165041] 2|1 96 56 04{2 755 776 4432904 .1922139
811 79 0Z 44{2 395 346 472 .57! 0192500 1 96 84 09(2 761 677 8. .4566416f ,1948743
39|1 79 29 2112 400 721 219] 5023 0219945 197 12 16{2 767 587 264] .46998801 .1975334
11 79 56 0012 406 104 000136.6060104{11.024737 1 97 40 252 773 505 125/37.4833296/11.2001913
179 82 81(2 411 494 821 .61 0274795  6{L 97 68 362 779 431 416] .49666 2028479
1 80 09 64{2 416 893 6333181 0302199 1 97 96 49{2 785 366 1 50999 2
1 80 36 49(2 422 300 607} . 032959 Bl 98 24 64]2 791 309 312| .5233261) .2081573
1 80 63 36(2 427 715 584| .66 035696 1 98 52 81(2 797 260 929| .5366487| .2108101
1 80 90 252 433 138 625/36.6742416}11.0384330J1410i1 98 81 002 803 221 000/37.5499667(11.2134617
61 81 17 162 438 569 736] .6878726] .0411680 1 99 09 21(2 809 189 531| .56327 2161120
1 81 44 09(2 444 008 923} .701 043901 1 99 37 44(2 815 166 5765885 .2187611
81 81 71 0412 449 456 192] .7151195 .0466339 199 65 69(2 821 151 997 .58989: 1
911 81 98 01/2 454 911 549 7287353 .0493649 1 99 93 96(2 827 145 9. 6031 2240554
1 82 25 002 460 375 000(36.7423461]11. 141512 00 22 252 833 148 375/37.6164857/11.2267007
1 82 52 012 465 846 551] .7550519 .0548 B{2 00 50 56/2 839 159 206| .6297754| .2293448
52{1 82 79 04{2 471 326 2 769 057549 2 00 78 845178 7 643 2319876
B3{1 83 06 09(2 476 813 977| .7831 06027524 1812 01 07 24]2 851 206 632| .6563407] .2346292
54]1 83 33 162 482 309 7967 0629994 1912 01 35 857 243 6606164 .2372696
55{1 83 60 252 487 813 875(36.8103246]11.065722241420/2 01 64 00/2 863 288 000|37.6828874{11 d
b6{1 82 87 362 493 326 016 .8239 068443 01 92 41(2 869 341 461] .696153 254
57{1 84 14 4912 408 846 293 .837 0711630 22]2 02 20 84/2 875 403 7094153 ,2451831
BS[1 84 41 64{2 504 374 712) 8510515 . 2 02 49 29{2 881 473 067) .7226722] .2478185
5Oi1 84 68 812 509 911 279 86461 0766 2 02 77 76{2 887 553 7359245 .2504527
184 96 515 456 00036.8781778/11.079316514252 03 06 252 893. 640 625/37.7491722(11.2530856
1 86 23 212 521 008 88)] .8917; 08203 612 03 34 76(2 aag 736 76241 2557173
2|1 85 50 44/2 526 569 9. 905! 084744 2 03 63 29/2 905 841 <7756535 .25834'
i1 85 77 6912 832 139 147) .91 0874571 03 91 8412 911 954 7! 7888873 .2609770
1 86 04 962 537 716 544 93237 0901679 292 04 20 4112 918 076 11 .26360!
851 86 32 25/2 543 302 1. 9: 0928775143012 04 49 00{2 924 207 000]37.8153408(11.2662318




ARITHMETIC

2, ~Squares, Cuses, SQUARE Roors, Cue Roors, or NuMBERS
1 To 1600—Continued.

No.| Square] Cube, | 8q. Rt.|Cu. Rt. INo. Square| Cube.

1430{2 04 49 00;2 924 207 000137.8153408411.266231881495{2 23 50 25|3 341 362 37
31[2 04 77 61/2 930 345 991 2688573 96/2 23 80 16/3 348 071 93
2 05 06 242 493 5 84177/ 27148164 9712 24 10 09|3 354 790 47
33(2 05 34 89(2 942 649 737| .8564 2741047} 98]2 24 40 04
342 05 63 56|32 948 814 504, 9912 24 70 01{3 368 254 4
1435(2 05 92 25,2 954 987 875/37.8813938]11. 5 00
36/2 06 20 96]2 961 169 856/ .894! 1]2 25 80 01
37|12 08 49 69j2 360 9077 2 25 60 04/3 388 518
38[2 06 78 442 973 559 672| .92097 4590 093
392 07 07 212 979 767 519] 9341535 .289817 2 26
1440{2 07 36 00{2 985 984 000i37.9473319|11.202: i 26 50
41]2 07 64 81]2 992 209 12t . 62 26
42]2 07 93 64|2 998 442 888 .9736751 7221
4312 08 22 49|13 004 685 307, 813 27
44/2 08 51 010 936 3! 27
24452 08 80 253 017 196 125/38.0131 1.3054871J15102 28
46[2 09 09 16/3 023 464 536 112 28
47]2 09 38 09[3 020 741 623] .039453 12{2 28
48[2 09 67 04[3 036 027 392] .0525952 132 28
09 96 01[3 042 321 840] 5732 1412 29
2 10 25 048 625 000{38.07886 Il.SlB.'all 15152-29
51(2 10 54 01[3 054 936 8511 .091993! 16{2 29
52/2 10 83 04(3 061 257 408 .1051178] .3237134f 17[2 30
2 11 12 09{3 067 586 677 .1182371 182 30
11 41 16{3 073 924 664| .1313519 .3289102 19|2 30
bt 11 70 2513 080 271 8.1444622] 11.3315067 1520(2 31
99 36/3 086 626 816 .1575681) .3341022] 21)2 31
5712 12 28 49(3 092 990 993| .17066! 2212 31
2 12 57 6413 099 363 912} .1837662] .3392804 2312 31
12 86 81/3 105 745 579] .19 2412 32
146912 13 16 00/3 112 136 000{38.2099463]11.344471915252 32
6112 13 45 2113 118 535 181| .2230297 32
62(3 13 74 44(3 124 943 128] .236108! 2723317
2 14 03 6913 131 359 847 .249 3 334784
642 14 32 96/3 137 785 344] .2622529|
1465/2 14 62 2513 144 219 625[38.2753184/11.357407. lx'l 3 34 09 00
66]2 14 91 56/3 150 662 o3|
€7(2 15 20 89(3 157 114 563 32 34 70 2413 595
2 15 50 24[3 163 575 232| .3144881 35 00 893
€9]2 15 79.61[3 170 044 709] .3375358 3412 35 31 56J3 609 741 3
14702 16 09 176 138 11.37031361535(3 35 62 2
7112 16 38 413 183 010 111} .3536178] .3728914] 36/2 35 92 96/3 623 878 6
72]2 16 67 843 1 048 9 372 36 23 69[3 630.961 1
73]2 16 97 29/3 196 010 817| .3796831] ,3780433 3
7413 17 26 76/3 202 524 424 27076] .3806175 392 36 85 21[3 645 153 81
1475/2 17 56 2| 048 875[38.4057287{11.3831906]154012 37 16 00
76[2 17 85 76/8 215 578 176] .41874 3857625 41/2 37 46 81
7712 18 15 29(3 222 118 4317577] .38 42237177 6
7812 18 44 843 228 667 352 6! +3909 3 38 08 49(3 673 650 007
792 18 74 41|3 235 225 239} .4577691] .393471% 441238393
19 04 00 2 000{38.4707681]11.3960384§1545i2 38 70 2.
8112 19 33 61/3 248 367 641} .483762 3 39
82{2 19 63 243 254 953 168] .4967. 47(2 39
832 19 92 893 261 545 587| .5097. 39
8412 20 22 56/3 268 147 904] .5227. 492 39
1485(2 20 52 25[3 274 759 125[38.535697711.408857- 40
86/2 20 81 281 379 2 54867 5113 40
87]2 21 11 69| 008 303} 561 40
2 21 41 44{3 294 640 272 574603 5312 41
89(2 21 71 213 301 293 587! 41 412 41
£490{2 22 01 307 38.6005181]11.4216476H 41
9112 22 30 813 314 613:771] .6134691 42
92/2.22 60 643 321 287 488 1 5712 43
9312 22 90 493 827 970 157 582 43
94/2 23 20 36 861 78 43
34952 23 50 341 362 376038 11.43440024L 43

39



HANDBOOK OF APPLIED MATHEMATICS

2. —Squares, Cuses, Souare Roorts, Cuse Roorts, oF NUMBERS
1 To 1600—Concluded.

40

No.' Square, Cube. I Sq. Rt | Cu. Rt JNo. Square| Cube. | Sq.Rt.|Cu. Rt.
43 36 00(3 796 416 000]39.4968353(11.5977799{1580(2 49 64 00]3 944 312 000[39.7492138/11.6471329
43 67 21(3 803 721 481 25 .60U2576] 81(2 49 95 61{3 951 805 941{ .7617907| 649589
43 98 44{3 811 036 328 .6027342] 82]2 50 27 24/3 959 309 368| .7743636| .6520452
44 29 693 818 360 547, .6052097] 83[2 50 58 89f3 966 822 287 .7869325] .6544998
44 GO 96(3 825 694 144 60768411 842 50 90 56{3 974 344 704] .7994975 .
44 92 25/3 833 037 125(39.5600809]11.61015751585/2 51 22 253 981 876 625/39.8120585(11.6594059
4523 56/3 840 389 496 61262 862 51 53 96/3 989 418 056] .8246155| .6618574
45 54 89(3 847 751 263 .6151012] 87(2 51 85 69!3 996 969 003{ .8371686( .6643079
45 86 855 122 432 61757150 88[2 52 17 444 D04 529 472 .8497177 .6667574
692 46 17 61{3 862 503 009) .6200407] 892 52 49 214 012 099 469] .8622628 .6692058
1570]2 46 49 9 893 39.6232255]11.6225088]1 59012 52 81 00(4 019 679 000[39.8748040{11.67165632
7112 46 80 41(3 877 292 411 62497 91(2 53 12 814 027 268 071] .8873413 .6740996
72[2 47 11 84f3 884 701 248} 62744200 92[2 53 44 64/4 034 866 688| .8998747| .6765449
7312 47 43 29{3 892 119 517 62990704 93[2 53 76 49|4 042 474 857| .9124041| .6789892
412 47 74 9 547 22 6323710 942 54 08 36/4 050 092 584] .9249295 .6814325
48 06 906 984 375/39.6862696(11.63483391595/2 54 40 25/4 057 719 875/39.9374511/11.6838748
2 48 37 76/3 914 430 976 .6372957) 96[2 54 72 16/4 065 356 736] .9499687| .6863161
48 69 921 6397 97]2 55 04 094 073 003 173] .9624824] .6887
49 00 843 929 352 552, 64221641 9812 55 36 04/4 080 659 192| .9749922| .6911955
49 32 413 936 827 539 .6446751] 99/2 55 68 01/4 088 324 799| 9874980 .6936337
49 64 944 312 000/39.7492138/11.6471329§1600/2 56 00 004 096 40.0000000'11.6960709

2a,—~SQUARES oF NUMBERS 1600 10 1810,

. |Square.

No.

Square.| No.

Square.

. |Square.
q

No.

[Square.

2669956] 69
2673225]1670

2673225&1670
71

04
27889001705

2788900

2832489
2835856
283922511720
28425961 21
28459691 22
28493441 23
2852721 24
285610011725
28594811 26
2862864] 27
2866249] 28
2869636) 29
2873025[1730
28764161 31
2879800] 32
2883204] 33
2886601F 34
2890000]1735
2893401f 36
2806804] 37
29002091 38

2903616] 39
29070251740

2907025
2910436
2913849
2917264
2920681
2924100
2927521
2030944
2934369
2937796
2941225
2944656

3 69
30102251770
3013606] 71
3017169 72
3020644| 73
74
3u27600)1775

3027600}1775
3031081} 76
3034564 77
3038049{ 78
3041536) 79
30450251780
30485161 81
3052009} 82
3055504 83
3059001 84
306250011785
3066001} 86
3069504 87
3073009} 88
30765161 89
30800251790
3083536{ 91
30870491 92
3090564] 93
3094081{ 94
309760011795
3101121
3104644] 97
3108169f 98
3111696] 99
311522511800
3118756f 01
31222891 02

3143529] 08
3147076] 09
3150625]1810

3150628
3154176
3157729
3161284
3164841
3168400
3171961
3175524

3268864
3272481
3276100




ARITHMETIC

5b.—Square Roors anp Cusm Roors or NuMBers

1600 To 1860.

No. qu‘ Rt./Cu. Rt] No. [Sq. Rt.[Cu. Rt] No. |Sq. Rt./[Cu. Kt.] No. !Sq. Rt./Cu. Rt.
2600 [40.0000 [11. 6961 J1665 [40.8044 11,8524 |1730 41,5933 112.0046 |1795 [42.3674 112.1531
1{ .012 .6985 | 66| .8167 | .8547§ 31| .6053| .0069 § 96| .3792 | .1554

2| .0250| .7000 | 67| .8259| .8571 ) 32| .6173| .0093 | O7 | .3910| .1576

8] .0375) .70341 68| .8412] .8595] 33| .6283| .0116 ] 98] .4028| .1599

41 .050 7058 | 69 {  .853 .861 34| .64131 0139 ] 99| .4146) .1623
1605 [40.0625 [11.7082 J1670 (40.8656 [11.8642 J1735 141.6533 12,0162 J1800 [42.4264 [12.1644
6| .074 107§ 71 877 .8666 ] 361 .6663 | .0185 438 <1667

71 .0874| .7131| 72| .8901| .8689] 37| .6773] .0208) 2| .4 .1689
8] .0900) .7155] 73] .9023| .8713] 38) .6893| .0231 3| .4617] .1712
Jd123 1 7180 | 74| 91431 87371 39 701 .0254 4735 | .1734
1610 [40.1248 [11.7204 J1675 |40.9268 |11.8760 J1740 [41.7133 |13.0277 Fl.805 42.4853 12,1757
11} .1373 ) .722 76| .939 .87 411 .725 .0300 497 177

12| 1497 | 7252 ) 77| .9512| .8808) 42| .7373] .0323 71 .508 1

13| .1622) .7277) 78| .9634| .883 43| .7493| .0346 8] .52 .1824
141 1746 | 7301 ] 79] .97H 8855 ¢ 44| .7612| 0369 .53 .1848
1615 140.1871 11,7325 11680 [40.9878 111.8878 §1745 |41.7732 12,0392 1810 42,5441 /12,1869
16| .1995| .7350 | 81 [41.0000 | .8902 | 46| .785 04151 1 .5558 | L1891
171 2119 7373 82| .0122) .s926 | 47| .7971 ] .0438 ) 12| ,567 .1914
18| .2244| .7398| 83| .0244'| .3949] 48] .8091 | .0461] 13} .5793 | .193

191 .2368| .7422§ 84| .0366) .8973) 49 .821 . 048! 1 .591 .19
1620 140.2492 |11.7446 1685 141.0488 |11.8996 §1750. 141.8330 (12,0507 |1815 142.6028 |12.1981
211 .2616 | .747 86| .06 9020} 51| .8450] .053! .6146 | .2003
22| .27411 7494 87{ .0731] .9043] 52| .856 .0553 | 17| .6263 { .2026
23] .2865| .75181 88) -.0853 | .9067 ] 53| .86 0576 | 18| .638 .2048
2 .2989 | .7543 | 89 ) .097 .9090 J 54 | .880 599 .6497 | .2071
1625 140.3113 (11,7567 {1690 |41.1096 |11.9114 |1755 [41,8927 [12.0622 |1820 |42.6615 [12.2093
2 23237 | 75911 o1 .1zl 913 56| .904 -0645 .6732 | .211%
271 .3361] 76151 92| .1339) .9161| 57| .9166| .0668 | 22| .684 .2138
28| .3485| .763 93| .14611 9184 | 58| .9285| .0690 | 23| .6966 | .2160
2! L3609 | .7663 § 04 .1582] 920 59 | .9404 713 | 24 .7 .2182
1630 [40.3733 [11.7687 1695 |41.1704 |11.9231 Fl‘IGO 41,9524 12,0736 {1825 142.7200 [12.2205
31| .385 | 77111 96| .1825} ,9255] 61| .964 +0759 7317 | 2227
321 .39080f .7735) 97| .1947| 9278} 62| .9762| .Q782 | 27| .7434| .2249
33| 4104} .775901 98| .2068 ) ,9301 ) 63| .988 .0805 1 28| ,7551} .2273
3 4228 | 7783 ) 99| .2189 1 .9325| 64 |42.0000| .0828 | 2 .7668 | .2294
1635 140.4351 |11.7807 1700 ]41.2311 |11.9348 11765 [42.0119 [12.0850 {1830 142.7785 (13,2316
3 4475 | .7831 1| .2432{ .9372| 6 .0238 | .0873 | 31| .790 .2338
37) .4599 | .7855 2] .2553 ) .93951 67| .0357 | .0896 ] 32| .801 .2361
38| .4722| .7879 31 .2674 04181 68| .0476 | .0919 ] 3. 8135 | .2383
3 -484 .7903 4] 2795 .944 69 | .0595 1 .0942 .8252 | .2405
1640 [40.4969 |11.7927 1705 [41.2916 |11.9465 |1770 142.0714 |12.0964 [1835 |42.8369 (12.2427
41| .5093 | .7951 61 .3038| .948 71| .083 .0987 .8486 | .2450
42| .b6216 | .7975 7] .31591 ,9512]) 72 .0951] .1010] 87 ) .8603 ) .2473
43| .5§339| .7999 81 .3280| .9535f 73| .1070| .1033 | 38| .8719| .2494
4 .5463 | .8023 91 .3401| .9559 1 74| .118 56 .883 .2518
1645 140.5586 [11.8047 J1710 |41.3521 111.9582 J1775 142.1307 |12.1078 {1840 |42.8952 }12.2539
4 5709 | .8071 1 11| .3642| .9605) 76| .1426 | .1101 9069 | .2561
47 ] .5832| .8095) 12| .3763| .9628¢ 77| .1545) .1124 | 42{ .9185 2583
48 | .5956 | .8119) 13| .3884 | .9652 ) 78| .1663 | .1146 | 43| .9302] .2608
49 | .607 8143 ) 14 .4005) .9675) 79| .1782 | .1169 } 4. 9418 | .2627
1650 [40.6202 [11.8167 11715 |41.4126 [11.9698 11780 |42.1900 (12.1192 [1845 [42.9535 (12.2649
51| .6325| .8190 ) 16| .4246 ) .9722] 81| .201 J215 1 4 .9651 | .2673
52| .6448 | .8214 ) 17| .43671 .9745] 82| .2137| .1237 ] 47| .9767 | .2694
.6571 | .8238 ) 18| .4488| .9768| 83| .22 .1260 | 48| .9884 | .2718

54| .6694 | .8262) 19| .4608 | .9791| 84| .237 .1283 43.0000 | .273
1655 [40.6817 [11.8286 |1720 |41.4729 |11.9815 |1785 [42.2493 12,1305 [1850 [4¢3.0116 [12.2760
56| .6940 ] .831 21| .4849 | .9838} 861 .2611| .13281 51| .023 .2782
57| .7063 | .8333 ) 22| .4970| .9861| 87| .2729 | .1350 | 52 | .034 .2804
58| .7185| .8357 ) 23| .5090| .9884} 88| .2847 1 .1373 ]| 53| .0465 | .2826
59 | .7308 | .8381) 24| .5211} .9907 | 8 .2966 | .1396 | 54| .058 .2849
1660 [40.7431. |11.8405 |1725 |41.5331 [11.9931 [1790 (43.3084 |12.1418 |1S55 [43.0697 [12.2871
61| .7554 | .8429 | 26| .5452 | .9954) 91} .320 441 1 56| 0813 | .2893
62| .7676 | .8452 1 27| .5672 | .9977) 9 332 .1464 } 87 29 | .2015
63 .779 8476 | 281 .5692 (12,0000 4 93 | .3438 1 .1486 | 58| .1045 )| .2037
64| .7922| .85001 29} .b6812] .002. 94 | .3556 | .1509 § 59 { .1161 | .2059
1665 [40.8044 |11.8524 11730 [41.5933 [12.0046 |1795 [42.3674 12.1531 llSGO 43,1277 12.2981
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2¢.—S8QUAREsS oF MixEp NUMBERs FROM ¢ TO 12, BY 64THS
1. SquarEs or Mixep NUMBERS FROM ¥ TO 6.
o I 2 3 C 4 £
e 0.00024 | 1.03149 | 4.06274 | 9.00399 | 16.12524 | 25.15649
%s 0.00008 | 1.06348 | 4.12508 | 9.18848 | 16.25008 | 25.31348
S 0.00220 | 1.00595 | 4.18970 | 9.28345 | 16.37720 | 25.47095
Y 0.0039r | 1.x1280r | 4.25391 | 9.37891 | 16.50391 | 25.62801
LN .0.00610 | 1.16235 | 4.31860 | 9.47485 | 26.63110 | 25.78735
S%s | ©o.00879 | 1.19629 | 4.38379 | 9.§7129 | 26.75879 | 25.94629
T84 0.01196 | x.2307t | 4.44946 | 9.66821 | 26.88696 | 26.r0871
% 0.01562 | 1.26562 | 4.51562 | 9.76562 | 17.01562 | 26.26562
9%e 0.01978 | 1.30103 | 4.58228 | 9.86353 | 17.14478 | 26.42603
842 0.02441 1.3360r | 4.6494r | 9.96391 | 17.27441 | 26.58691
1% 0.02954 | 1.37329 | 4.71704 | 10.06079 | 17.40454 | 26.74829
3% 0.03516 1.41016 | 4.78516 | 10.16016 | x7.53516 | 26.91016
136, 0.04126 | 1.44751 | 4.85376 | 10.26001 | 17.66626 | 27.07281
Ths ©0.04785 | 1.48535 | 4.92285 | 10.36035 | 17.79785 | 27.23535
155, 0.05493 | 1.52368 | 4.99243 | 10.46118 | 17.92993 | 27.39868
% 0.06250 1.56250 | §.0h250 | 10.56250 | 18.06250 | 27.56250
1744 0.07056 | 1.60181 | §5.13306 | 10.6643r | 18.19556 | 27.7268:
869 o0.07910 | 1.64160 | 5.20410 | 10.76660 | 18.32910 | 27.89160
184, 0.08813 | 1.68188 | 5.27563 | 10.86938 | 18.46313 | 28.05688
Yie 0.09766 | 1.72266 | 5.34766 | 10.97266 | 18.59766 | 28.22266
315e 0.10767 1.76392 | 5.42017 | 11.07642 | 18.73267 | 28.38892
1144 0.11816 | 1.80566 | 5.49316 | 11.18066 | 18.86816 | 28.55566
2354 ©0.12915 1.84790 | 5.56663 | 11.28540 | 19.00415 | 28.72290
3% 0.14062 1.89062 | §5.64062 | 11.39952 | 19.14062 | 28.89062
e 0.15259 | 1.93384 | 5.71509 | 11.49634 | 19.27759 | 29.05884
1345 0.16504 | 1.97754 | 5.79004 | 1r.60254 | 19.41504 | 29.22754
e 0.17798 | 2.02173.| 5.85548 | 11.70923 | 19.55298 | 29.39673
756 0.19141 2.06641 5.94141 | 1x.81641x | 19.69141 | 29.56641
295, 0.20532 | 2.11157 | 6.01782 | 11.92407 | 19.83032 | 29.73657
1654 0.21973 2.15723 6.09473 | 12.03223 | 19.96973 | 29.90723
8l4e 0.23462 2.20337 | 6.17212 | 12.14087 | 20.10062 | 30.07837
1% 0.25000 | 2.25000 | 6.25000 | 12.25000 | 20.25000 | 30.25000
835, 0.26587 | 2.29712 | 6.32837 | 12.35962 | 20.39087 | 30.42212
1%s 0.28223 | 2.34473 | 6.40723 | 12.46973 | 20.53223 | 30.59473
8055, 0.29907 | 2.39282 | 6.48657 | 12.58032 | 20.67407 | 30.76782
% 0.31641 | 2.44141 | 6.56641 | 12.60141 | 20.81641 | 30.94141
375, 0.33423 | 2.49048 | 6.64673 | 12.80208 | 20.95923 | 3r.11548
1952 0.35254 | 2.54004 | 6.72754 | 12.91504 | 21.10254 | 31.20004
395, ©0.37134 | 2.59000 | 6.80884 | 13.02759 | 21.24634 | 31.46509
5 0.39062 | 2.64062 | 6.89062 | 13.14062 | 21.39062 | 31.64062
1%, 0.41040 | 2.60165 | 6.97290 | 13.25415 | 21.53540 | 31.8166%
8140 ©.43066 | 2.74316 | 7.05566 | 13.36816 | 21.68066 | 31.99316
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2¢.—SQUARES OF MixEp NUMBERS FROM ¢¢ TO 6—Continued.

° 4 2 3 4 s
4% 0.45142 { 2.79517 | 7.13802 | 13.48267 | 21.82642 | 32.17017
1Ye 0.47266 | 2.84766 | 7.22266 | 13.59766 | 21.97266 | 32.34766
458 0.49438 | 2.90063 | 7.30688 | x3.71313 | 22.11938 | 32.52563
2359 0.51660 | 2.95410 | 7.39160 | x3.82910 | 22.26660 | 32.70410
%64 0.5393r | 3.00806 | 7.4768r | 13.04556 | 22.41431 | 32.88306
% o.56250 | 3.06250 | 7.56250 | 14.06250 | 22.56250 | 33.06250
495, 0.58618 | 3.11743 | 7.64868 | 14.17993 | 22.71118 | 33.24243
3%, 0.61035 | 3.17285 | 7.7353% | 14.29785 | 22.86035 | 33.42285
Blae 0.6350r | 3.22876 | 7.82251 | 14.41626 | 23.01001 | 33.60376
1%g 0.66016 | 3.28516 | 7.91016 | 14.53516 | 23.16016 | 33.78516
534 0.68579 | 3.34204 | 7.99820 | 14.65454 | 23.31079 | 33.96704
4e ©0.77101 | 3.3994r | 8.0860r | 14.77441 | 23.46101 | 34.14941
855, 0.73853 | 3.45728 | 8.17603 | 14.89478 | 23.61363 | 34.33228
% 0.76562 | 3.51562 | 8.26562 | 15.01562 | 23.76562 | 34.51562
%4 ©0.7932r | 3.57446 | 8.35571 | 15.13696 | 23.918321 | 34.69946
2959 0.82129 | 3.63379 | 8.44629 | 15.25879 | 24.07129 | 34.88379
9% ©0.84985 | 3.69360 | 8.53735 | 15.38110 | 24.22485 | 35.06860
1844 0.87891 | 3.75391 | 8.62801 | 15.5039T1 | 24.37891 | 35.25391
015, 0.90845 | 3.81470 | 8.72005 | 15.62720 | 24.53345 | 35.43970
814, 0.93848 | 3.87508 | 8.81348 | 15.75008 | 24.68848 | 35.62598
0354 0.96899 | 3.93774 | 8.90649 | 15.87524 | 24.84399 | 35.81274
2d.—II. SQUARES oF MixEp NuUMBERS FROM 6¢¢ TO 12
6 7 8 9 10 11
e 36.18774 | 49.21809 | 64.25024 | 81.28149 | 100.31274| 121.34399
Yag 36.37598 | 49.43848 | 64.50098 | 81.56348 | 100.62598{ 121.68848
%4 | 36.56470 | 49.65845 | 64.75220 | 81.84595 | 100.93970| 122.03345
e 36.75391 | 49.87891 | 65.00391 | 82.12891 | 101.25391| 122.37801
Bbe 36.94360 | 50.00085 t 65.25610 | 82.41235 | x01.56860| 122.72485
8% 37.13379 | 50.32129 { 65.50879 | 82.69629 | 101.88379| 123.07129
Tod 37.32446 | 50.54321 | 65.76196 { 82.98071 | 102.19946| 123.41821
1% 37.51562 | 50.76562 | 66.01562 | 83.26562 | 102.51562] 123.76562
%4 37.70728 | 50.98853 | 66.20978 | 83.55103 | 102.83228} 124.11353
Y% 37.89941 | 51.21101 | 66.52441 | 83.83691 | 103.14941| 124.46191
1% | 38.00204 | 51.43579 | 66.77954 | 84.12329 | 103.46704| 124.81079,
%o | 38.28516 | 51.66016 | 67.03516 | 84.41016 | x03.78516] 125.16016
186, 38.47876 | 51.88s501 | 67.20126 | 84.69781 | 104.10376| 125.51001
Ths 38.6728s | 52.11035 | 67.54785 | 84.98535 | 104.42285| 125.8603%
186, 38.86743 | 52.33618 | 67.80493 | 85.27368 | 104.74243| 126.21110
% 39.06250 | 52.56250 | 68.06250 | 85.56250 | 105.06250| 126.56250

'
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2d.—SQUARES OF MixEp NUMBERS FROM 6g TO 12—Continued
6 7 8 9 10 144
Ve 39.25806 | 52.78931 | 68.32056 | 85.85181 | r10s.38306 126.91431
%2 39.45410 | §3.01660 | 68.57910 | 86.14160 | 105.70410 127.26660
%% 39.65063 | 53.24438 | 68.83813 | 86.43188 | 106.02563 | 127.61938
5% | 39.84766 | 53.47266 | 69.09766 | 86.72266 | 106.34766 | 127.97266
?l5e 40.04517 | §3.70142 | 69.35767 | 87.01392 | 106.67017 | 128.32642
1l4ee 40.24316 | 53.93066 | 69.61816 | 87.30566 | 106.99316| 128.68066
9%6¢ | 40.44165 | 54.16040 | 69.87915 | 87.59790 | 107.31665| 129.03540
3 40.64062 | 54.39062 | 70.14062 | 87.89062 | 107.64062| 129.39062
6e | 40.84009 | 54.62134 | 70.40259 | 88.18384 | 107.96509 | 129.74634
1353 | 41.04004 | 54.85254 | 70.66504 | 88.47754 | 108.29004| 130.10254
3% | 41.24048 | 55.08423 | 70.92798 | 88.77173 | 108.61548) 130.45923
e 41.44141 | 55.31641 | 7r.19141 | 89.06641 | 108.94141] 130.81641
e | 41.64282 | 55.54907 | 75.45532 | 89.36157 | 109.26782( 131.17407
9% | 41.84473 | 55.78223 | 71.71973 | 89.65723 | 109.59473| 131.53223
g, 42.04712 | 56.01587 | 71.98462 | 89.95337 | 109.92212| 131.89087
2 42.25000 | §6.25000 | 72.25000 | 90.25000 | 110.25000| 132.25000
836 | 42.45337 | 56.48462 | 72.51587 | 90.54712 | r10.57837| 132.60962
17%: | 42.65723 | 56.71973 | 72.78223 | 90.84473 | 110.90723} 132.96973
836, | 42.86157 | 56.95532 | 73-04907 | 91.74282 | r11.23657| 133.33032
%e 43.06641 | 57.19141 | 73.31641 | 91.44141 | 111.56641] 133.69141
ST6s | 43.27173 | 57.42798 | 73.58423 | 91.74048 | x11.89673] 134.05298
1932 | 43.47754 | 57.66504 | 73.85254 | 92.04004 | 112.22754| 134.41504
%% | 43.68384 | 57.90259 | 74.12134 | 92.34009 | 112.55884] 134.77759
L 43.89062 | 58.14062 | 74.39062 | 92.64062 | 112.89062| 135.14062
€%6¢ | 44.09790 | 58.37915 | 74.66040 | 92.94165 | 113.22290| 135.50415
Slgs 44.30566 | 58.61816 | 74.93066 | 93.24316 | 113.55566| 135.86816
$%¢ | 44.51392 | £8.85767 | 75-20142 | 93.54517 | 113.88892| 136.23267
1t4e | 44.72266 | 59.09766 | 75-47266 | 93.84766 | 114.22266| 136.59766
56 | 44.93188 | 59.33813 | 75.74438 | 94.15063 | 114.55688| 136.96313
%363 | 45.14760 | 59.579x0 | 76.01660 | 94.45410 | 114.89160| 137.32910
T 45.35181 | 59.82056 | 76.28931 | 94.75806 | 115.22681| 137.69556
3 45.56250 | 60.06250 | 76.56250 | 95.06250 | x15.56250| 138.06250
496 | 45.77368 | 60.30493 | 76.83618 | 95.36743 | 115.80868| 138.42993
%582 | 45.98535 | 60.5478s | 77.x1035 | 95.67285 | 116.23535| 138.79785
Glg, 46.19751 | 60.79126 | 77.38s01 | 95.97876 | 116.57251| 139.16626
1844 46.41016 | 61.03516 | 77.66016 | 96.28516 | 116.91016| 139.53516
©%¢ | 46.62329 | 61.27954 | 77.93579 | 96.59204 | 117.24829| 139.g90454
17 46.83691 | 6x.52441 | 78.21191 | 96.89941 | 117.58601| 140.27441
6554 47.05103 | 61.76978 | 78.48853 | 97.20728 | 117.92603 | 140.64478
7% 47.26562 | 62.01562 | 78.76562 | 97.51562 | 118.26562| 14r.01562
(7% 47-48071 | 62.26196 | 79.0432% | 97.82446 | r18.6057x| 14x.38696
%s | 47.69629 | 62.50879 | 79.32129 | 98.13379 | 118.94629| 141.75879
096e 47.91235 | 62.75610 | 79.59985 | 98.44360 | 119.28735| 142.13110
1% 48.1280x | 63.0039x | 79.8780r | 98.7539x | 119.62801| 142.50391
8% | 48.34598 | 63.25220 | 80.15843 | 99.06470 | 119.97095| 142.87720
3153 | 48.56348 | 63.50098 | 80.43848 | 99.37598 | 120.3%348| 143.25008
9%, | 48.78149 | 63.75024 | 80.71809 | 99.68774 | 120.65649| 143.62524
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frequently most convenient to change the fraction to a decimal
first and then extract the square root.

Ratio and Proportion.—The ratio of two numbers is the rela-
tion which the value of the first bears to the value of the second
and this relation is indicated by the sign (: ). Thus, 3 : 4 is the
ratio of 3 to 4. Ratio is equivalent to the fraction obtained by
dividing the first number by the second. Thus, £ also expresses
the ratio of 3 to 4.

An expression consisting of two equal ratios is called a pro-
portion. Itis written,3 :4 = 9 : 12, and read, “3isto4as9isto
12.” The first and last, or the ‘ end,” numbers are called the
extremes and the second and third, or the middle, numbers are
called the means. Since a ratio may also be expressed as a frac-
tion, then a proportion may also be set upon, 3 = %.

Illustration: If the diameter of a gear is 13.53 inches and the
circumference is 42.5 inches, find the ratio of the diameter to the
circumference.

13.53

25 0.3183

Therefore, the ratio of the diameter to the circumference is 0.3183.
The above value is the same as that obtained by dividing 1 by
3.1416; that is, in any circle the ratio of the diameter to the
circumference is 1 <+ w. Thus, it is evident that ratio is
always the quotient obtained by dividing the first number by
the second.

Proportion is one of the most useful tools in mathematical
calculation. It is the key to many of its operations. Indeed,
practically all mathematical problems may be expressed in pro-
portion.

Rules of Proportion.—Proportion derives its great usefulness
from the fundamental rule which states that the product of the means
equals the product of the extremes. Thus, in the proportion 3 : 4 =
9 : 12, according to the ruie, 4 X 9 (the product of the means)
=3 X 12 (the product of the extremes) = 36. Then, when three
terms of a proportion are known, the fourth can be found. For
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example, if it takes twenty days to build five lathes, how long will
it take to build fifteen lathes at the same rate?

z:20=15:5
3
whence Lz = 20 ; 15 = 60 days (Ans.)

Where one extreme and both means are known, to find the other
extreme, divide the product of the means by the known extreme.

Where both extremes and one mean are known, to find the other
mean, divide the product of the extremes by the known mean.

For the purpose of illustrating these rules, replace the figures in
a proportion by the letters 4, B, C, D, and write A : B = C : D;
then

A C BXxC

AXD= BXC,B D,A— D’
B><C' A XD AXD
A’ B = ¢’ ¢= B

Triangles may be used advantageously in illustrating ratio
and proportion. Thus, let us say, if a train travels 260 miles in
8 hours, how far will it travel in 5
hours? Draw a triangle letting the
base represent the distance (260 mi.)

5 and a leg the time 8 hours. Then

X 7 draw another leg parallel to the first
260 and of a length in proportion to the
Fie. 1. first as 5 is to 8. Then the distance z

represents the distance which the train
will travel in 5 hours because from similar triangles, and

z:260=5:8

5 X 260
8

whence x = = 162.5 miles (Ans.)
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Inverse Proportion.—In the preceding problems the ratio of
the elements of one figure was equal to the ratio of the correspond-
ing elements of the other figure, that is, directly proportional.
When the ratio is equal to the inverse of that ratio the elements
are said to be inversely proportional.

The speed of pulleys connected by belts are inversely propor-
tional to their diameters, i.e., the smaller pulley rotates faster
than the larger pulley.

IrnLusTRATION: A 24-inch pulley fixed to a line shaft which
makes 400 revolutions per minute (R.P.M.) is belted to a 6-inch
pulley. Find the number of R.P.M. of the smaller pulley.

R.PM. R.PM. Diameter Diameter

of of of of " 200 .
Driven : Driving = Driving : Driven # RPM. ¢
Pulley  Pulley Pulley Pulley

Fia. 2.

z i 400 = 24 : 6 2

whence z = 400324 = 1600 R.P.M. (Ans.)

Likewise, the speeds of gears running together are inversely
proportional to their number of teeth.

ILLUSTRATION: A driving gear with 48 teeth meshes with a
driven gear with 16 teeth. If the driving gear makes 100 R.P.M.
find the number of R.P.M. made by the driven gear.

R.P.M. R.P.M. No.of Teeth No.of Teeth
RLO& % r of Driven : of Driving=of Driving : on Driven
o - Gear Gear Gear Gear
Fia. 3. z : 100 = 48 : 16
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3

_ 100 X 48

18 _

Pulley Train.—A pulley train is a series of pulleys connected
by belting, the power coming from one of the pulleys.

whence z = 300 R.P.M. (Ans.)

IrLusTrATION: In the sketch at the
right, find the R.P.M. of the 6-inch
pulley.

Fic. 4.

R.P.M. of R.P.M. of Product of Product of
Last Driven : First Driving = Diameters of : Diameters of

Pulley Pulley All Driving All Driven
Pulleys Pulleys
z : 200 = (15X12) : (10X 6)
20 2
15
whence =z = 200 X 15 X 72 = 600 R.P.M. (Ans.)

10 X 6
Gear Train.—A gear train is a series of gears running
together. 75 RP.M.
IiLusTrATION: In the sketch at @@Q ~36T
the right find the R.P.M. of the 7?7 7 3%r

61T
36 T. gear. Fia. 5.

R.P.M. of R.P.M. of Product of Product of
Last Driven : First Driving = Number of : Number of

Gear Gear Teeth of Teeth of
Driving Gears Driven Gears
z : 75 = (72X64) : (24 X 36)
25 2 8
whence z — 18 X 72 X B4 = 400 R.P.M. (Ans.)

24 X 38
3
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Inverse proportion can be used to solve other types of problems.
For instance in manufacturing plants the time per week is in an
inverse proportion to the number of men employed; the shorter
the time, the more men.

)

ILLusTRATION: A factory employing 300 men completes a
given number of vacuum cleaners weekly, the number of
working hours being 40 per week. How many men would be
required for the same production if the working hours were
reduced to 30 per week? '

z:300 =40:30

whence r=——— =400

therefore, 400 men would be needed for the same production.

Compound Proportion.—A compound proportion is a propor-
tion which has one of its ratios a compound ratio, that is, a ratio
xpressed by a fraction that is the product of fractions represent-
ing given ratios. Thus, the ratios 3 : 4 and 5 : 7 are represent>d
by the fractions § and 4; and the ratio 15 : 28 which is represented
by 4%, the product of  and %, is said to be compounded of the
ratios 3 :4and 5: 7.

Problems in compound proportion are solved by the cause and
effect method which is based on the following principle. Like
causes produce like effects; and the ratio between any two causes
equals the ratio between the effects produced.

ILLusTRATION: If & mechanic who machines 70 pieces in a
9-hour day is paid 35 cents per hour, find how much a man ought
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to be paid who machines 80 similar pieces in an 8-hour day if pa.ld
in the same proportion.

Make up a table with four columns headed ‘ First Cause,”
“ First Effect,” “ Second Cause,” ‘ Second Effect,” and place
under each the respective factors given in the problem. In the
example above, the table would be as follows:

First Cause First Effect | Second Cause | Second Effect

1 man " 70 pieces 1 man 80 pieces
9 hours 8 hours
35 cents z cents
whence (1X9X35):70=(1X8Xzx):80
10
IX9 X3P X 895 90
= — =4
and T T xIxE 2@
2

‘Therefore, the second operator should receive 45 cents an hour.

Reciprocals.—The use of reciprocals facilitates computations
in long division particularly when many different dividends are
to be divided by the same divisor.

ILLUSTRATION: 7246 <+ 1572.

From the table on page 58 find the reciprocal of 1572,
0.000636132.
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TABLE 3
8.—ReciprocaLs, 1 To 200

No. Rcciprocal | No. | Reciprocal No. ] Reciprocal No. | Reciprocal

b3 1.0000000°| SI ©.0196078 101 @.o009goro 151 ©.0066225

2 0. 5000000 52 ©.0192308 102 0.0098039 182 ©0.0065789

3 ©.3333333 | 53 ©0.0188679 | 103 | ©0.0097087 | 153 | ©0.0065359

4 0. 2500000 54 ‘| ©0.018518s 104 | © 0096154 154 0.0064935

3 0. 2000000 55 0.0181818 108 0.0095238 158 0.0064516

6 0.1666667 56 0.0178571 106 || 0.0094340 156 0.0064103

7 0.1428571 | 57 ©.0175439 | 107 | ©.0003458 | 157 [ ©.0063694

8 0.1250000 | 58 0.0172414 108 ©0.0092593 158 | ©.0063291

9 O.IIIIIIX 59 0.0169492 100 | ©.0091743 159 | ©0.0062893
10 0.1000000 | 60 0.0166667 110 | ©.0090909 160 | ©0.0062500
11X 0.0909091 61 0.0163934 111 ©.0090090 161 0.0062112
12 0.0833333 62 o0.0161290 112 0.0089286 162 0.0061728
13 0.0769231 63 o0.0158730 | 113 0.0088496 163 | o.00613850
14 0.0714286 64 o0.0156250 114 0.0087719 164 0.0060976
15 0.0666667 6s 0.0153846 118 ©.0086957 165 ©. 0060606
16 0.0625000 | 66 0.015151§ 116 0.0086207 166 0.0060241
17 0.0588235 67 0.0149254 117 ©.0085470 167 0.0059880
18 0.0555556 | 68 0.0147059 118 | ©0.0084746 168 | 0.0059524
19 0.0526316 69 0.0144928 119 0.0084034 169 0.0059172
20 ©0.0500000 70 ©.0142857 120 0.0083333 170 ©0.0058823
21 0.0476190 7t 0.0140845 121 ©0.0082645 171 ©0.0058480
22 0.0454545 | 72 0.0138889 122 | ©0.0081967 172 | o0.0058140
23 0.0434783 73 0.0136986 123 0.0081301 173 0.0057803
24 0.0416667 74 0.0135135 124 0.0080645 174 0.0057471
2§ 0.0400000 | 758 0.0133333 125 | ©o.0080000 178 0.0057143
26 0.0384615 | 76 0.0131579 126 | ©0.0079365 176 | ©.0056818
27 0.0370370 | 77 0.0129870 127 0.0078740 177 0.0056497
28 0.0357143 | 78 o.0128205 | 128 | ©0.0078125 | 178 | ©0.0056180
29 0.0344828 79 0.0126582 129 0.0077519 179 0.0055866
30 ©0.0333333 | 8o 0.0125000 | 130 | ©0.0076923 180 | 0.0055556
31 0.0322581 81 ©0.0123457 131 0.0076336 18t 0.0055249
32 0.0312500 | 82 ©.012195I1 132 0.0075758 182 ©0.0054945
33 0.0303030 83 0.0120482 133 ©.0075188 183 0.0054645
34 0.0204118 84 ©0.0119048 134 0.0074627 184 o\ 0054348
35 0.0285714 8s o0.0117647 135 0.0074074 185 ©.0054054
36 0.0277778 86 o.0116279 136 0.0073529 186 | ©0.0053763
37 0.0270270 | 87 0.0114943 | 137 | ©0.0072993 | 187 | 0.0053476
38 0.0263158 | 88 0.0113636 138 | 0.0072464 188 | ©0.0053191
39 o.0256410 | 89 o.or12360 | 139 | o.0071942 | 189 | o.c052910
40 0.0250000 [ 9o o.0I1II11 I40 | ©.0071429 190 | 0.0052632
41 0.0243902 | 9r o.0109890 | 141 | ©.0070922 191 | 0.0052356
42 0.0238005 | 02 0.0108696 142 | ©0.0070423 192 | 0.0052083
43 0.0232558 | 93 0.0107527 143 | ©.0069930 193 | ©.0051813
44 | o0.0227273 | 94 ©0.0106383 | 144 | ©0.0069444 | 194 | 0.0051546
45 0.0222222 95 0.0105263 145 0.0068966 195 0.0051282
46 0.0217391 | 96 0.0104167 146 | ©0.0068493 196 | o.co0s1020
47 ©.0212766 97 ©0.01030903 147 0.0068027 197 | ©.0050761
48 0.0208333 | g8 ©.0102041 148 | ©0.0067568 198 | o.c050508
49 0.0204082 99 0.0101010 149 0.0067114 199 | ©.0050251
50 ©.0200000 | 100 0. 0100000 150 | 0.0066667 200 | 0©.00§50000
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3.—REcrprocaLs, 201 To 400
No. | Reciprocal No. | Reciprocal No. | Reciprocal No. | Reciprocal
201 | ©0.0049751 251 | ©0.0039841 3o1 | ©.0033223"| 3s1| 0.0028490
202 | ©.004950§ 252 | ©0.0039683 302 | ©.0033113 352 | ©0.0028409
203 | ©.0049261 253 | ©.0039526 303 | ©.0033003 353 | ©.0028329
204 | ©0.0049020 254 | ©.0039370 3041 ©.0032895 354 | 0.0028249
205 | ©.0038780 | 255 | 0.0039216 | 305 | ©0.0032787 | 355 | ©.0028169
206 0.0048544 256 0.0039063 306 ©0.0032680 356 0.0028090
207 | ©0.0048309 257 | 0.0038911 307 | ©0.0032573 357 | o.0028011
208 | o.0c48077 | 258 | ©0.0038760 | 308 | ©0.0032468 | 358 | 0.0027933
209 | 0.0047847 | 259 | ©0.0038610 | 309 | 0.0032362 | 359 | ©.0027855
210 | 0.0047619 260 | 0.0038462 310 | 0.0032258 | 360 | ©.0027778
211 ©0.0047393 261 0.0038314 311 ©0.0032154 361 0.0027701
212 0.0047170 262 0.0038168 312 ©0.00320§1 362 | ©0.0027624
213 0.0046948 263 | ‘0.0038023 313 0.0031949 363 0.0027548
214 | ©0.0046729 | 264 | ©.0037879 | 314 | ©.0031847 | 364 | ©0.0027473
215 | ©0.0036512 | 265 | ©0.0037736 | 315 | ©.0031746 | 365 | ©.0027397
216 0.0046296 266 | ©0.0037594 316 0.0031646 366 | ©.0027322
217 0.0046083 267 ©.0037453 317 0.0031546 367 ©0.0027248
218 | ©0.0045872 268 | ©0.0037313 318 | ©0.0031447 368 | o0.0027174
219 0.0045662 269 0.0037175 319 0.0031348 369 ©0.0027100
220 ©0.0045455 270 0.8037037 320 0.0031250 370 0.0027027
221 0.0045249 271 ©. 0036900 321 ©.0031153 371 0.0026954
222 | ©0.0045045 272 | 0.0036765 322 | ©.0031056 372 | 0.0026882
223 0.0044843 273 0.0036630 323 0.0030960 373 ©0.0026810
224 | 0.0044643 274 | 0.0036496 324 | ©0.0030864 | 374 | ©0.0026738
22§ ©.0044444 275 0.0036364 325 0.0030769 375 0.0026667
226 | 0.0044248 276 | ©0.0036:32 326 | ©0.0030675 376 | ©.0026596
227 0.0044053 277 | o.o0036101 327 | ©.0030581 377 | ©0.0026525
228 | o0.0043860 | 278 | o©0.0035971 328 | 0.0030488 | 378 | o0.0026455
229 | ©.0043668 279 | ©0.0035842 329 | ©.0030395 | 379 | ©.0026385
230 | 0.0043478 280 | ©0.0035714 330 | ©.0030303 38 | ©0.0026316
231 ©.0043290 281 0.0035587 331 0.0030211 381 ©.0026247
232 | ©0.0043103 282 | 0.0035461 332 | o.0030120 | 382 | 0.0026178
233 0.0042918 283 | 0.0035336 333 | o0.0030030 | 383 0.0026110
234 | ©0.0042735 284 | o0.0035211 334 | ©0.0029940 | 384 | o©.0026042
235 | ©0.0042553 | 285 | ©0.0035088 | 335 | ©0 0020851 | 385 | 0.0025974
236 | 0.0042373 286 | 0.0034965 336 | ©0.0029762 | 386 | o0.0025907
237 | ©0.0042194 | 287 | 0.0034843 | 337 | ©.0029674 | 387 | o.0025840
238 | o.o0042017 288 | o0.0034722 338 { 0.0020586 | 388 | o.0025773
239 | ©0.0041841 289 | o©.0034602 339 | ©0.0020499 | 389 | o.0025707
240 | ©0.0041667 | 290 | 0.0034483 340 | 0.0020412 | 390 | ©0.0025641
241 | 0.0041494 | 291 | 0.0034364 | 341 | 0.00209326 | 391 | ©0.002557§
242 0.0041322 292 ©0.0034247 342 ©.0029240 392 ©0.0025510
243 ©.0041152 293 ©0.0034130 343 ©.0029155 393 0.0025445
244 | 0.0040984 | 294 | o.0034014 | 344 | ©0.0029070 | 394 | o.0025381
245 | ©0.0040816 | 295 | ©.0033898 | 345 | 0.0028986 | 395 | o.0025316
246 | ©0.0040650 | 296 | ©0.0033784 | 346 | ©.0028002 | 396 | o.0025253
247 | ©0.0040486 | 297 | ©0.0033670 | 347 | ©0.0028818 | 397 | o©.0025189
248 | ©0.0040323 | 298 | 0.0033557 ' 348 | 0.0028736 | 398 | o.0025126
239 | ©0.0040161 | 299 | 0:0033445 | 349 | 0.0028653 | 399 | ©.0025063
250 | ©.0040000 | 300 | 0.0033333 350 | 0.0028571 400 | ©.0025000




ARITHMETIC

8—RecrrrocaLs, 401 To 600

— —

No. | Reciprocal | No. | Reciprocal | No. | Reciprocal | No. | Reciprocal
401 | ©0.0024938 | 451 | ©.0022173 | s01| ©.0019960 | §51 | ©.0018149
402 | 0.0024876 | 452 | o©0.0022124 | 502 | o,0019920 | 552 | 0.0018116
403 0.0024814 453 0.0022075 503 | ©.0019881 553 | ©.0018083
404 | ©.0024752 454 | 0.0022026 | sS04 | ©.0019841 554 | ©.o0018051
405 | ©0.0024691 455-] ©.0021978 | 505 | ©.0019802 555 | ©0.0018018
406 | ©0.0024631 | 456 | ©.0021930 | §96 | ©0.0019763 | §56 | ©0.0017986
407 ©0.0024570 457 0.0021882 507 | o0.0019724 557 ©.0017953
408 | o0.0024510 | 458 | ©0.0021834 | 598 | ©0.001968s | 558 | o0.0017921
499 | ©0.0024450 | 459 | ©0.0021786 | 509 | 0.0019646 | 559 | ©.0017889
410 | ©0.0024390 | 460°| 0.0021739 | 510 | ©.00:9608 | s60 | o0.0017857
411 0.0024331 461 ~.0021692 51X | 0.0019569 561 | o.001782%
412 | 0.0024272 | 462 | o oo21645 ; 582 | ©.0019531 | 5§62 | ©.0017794
413 | 0.0024213 | 463 | 0.0021598 | 513 | ©0.0019493 | 563 | o.0017762
414 | ©0.002415§ 464 | o.o0021552 | 514 | ©.0010455 | 564 | o.oc17731
415 | 0.0024096 | 465 | o.c021505 | SIS | ©.0019417 | 565 | ©.0017699
416 | ©0.0024038 466 | ©0.0021459 516 | ©0.0019380 566 | ©0.0017668
417 | ©0.0023981 | 467 | o.0021413 | 517 | ©.0019342 | 67 | o.0017637
418 | 0.0023923 | 468 | o0/0021363 | 518 | ©.0019305 | 568 | o©.c017606
419 | 0.0023866 | 469 | o.0021322 | S19 | ©.0019268 | 569 | o.0c017575
420 | ©0.0023810 | 470 | o oo21277 | 520 | ©.0019231 | 570 | o©.0017544
421 | ©0.0023753 | 471 | o.0021231 | 521 | 0.0019194 | 71| o0.00175I3
422 | 0.0023697 | 472 | o0.0021186 [ 522 | ©.0019157 | s72 | o0.0017483
423 | ©0.0023641 | 473 | o.co21142 | 523 | ©.0019120 | g73 | o0.0017452
424 | 0.0023585 | 474 | o.0021097 | 5241 ©0.0019084 | 574 | o.c017422
425 | ©0.0023529 | 475 | o.c021053 | 525 | ©.0019048 | 75| o.0017391
426 | 0.0023474 476 | ©.0021008 526 | o.oo19011 576 | ©0.0017361
427 | ©0.0023419 | 477 | o oco20964 | 527 | ©.0018975 | s77 | o0.0017331
428 | 0.0023364 | 478 | o.c020921r | 528 | ©.0018939 | 78 | o.co17301
429 | 0.0023310 | 479 | o0.0020877 | 529 | ©.0018904 | g79 | o.c017271
430 | ©0.0023256 480 | ©0.0020833 530 | 0.0018868 580 | ©.0017241
431 | ©0.0023202 | 48 | o.coz20790 | S31 | ©.0018832 | 81| o.c017212
132 | ©0.0023148 | 482 | o.0020747 | 532 | ©.0018797 | 82| o.co17182
433 | ©0.0023095 | 483 | o.o020704 | 533 | ©.0018762 | 83 | o.o0017153
434 | ©0.0023041 | 484 | o0.0020661 | 534 | ©.0018727 | 84 | o.0017123
435 | ©0.0022989| 435 | o0.0020619 | 535 | ©.0018692 | 85| o.0c017094
436 | 0.0022936 | 436 | o.0020576 | 536 | ©.0018657 | 586 | o.0c017065
437 | ©.0022883 | 487 | o.0020534 | 537 | ©.0018622 | 87 | o.0017036
438 | ©0.0022831 | 488 | o0.0020492 | 538 | ©.0018587 | 88 | o.0017007
439 | ©0.0022779 | 489 | o.c020450 | 539 | ©.9018553 | 589 | o0.0016978
140 | ©0.0022727 | 490 | ©0.0020408 | 540 | ©.0018519 | 590 | ©.0016949
441 [ ©.0022676 | 491 | o0.0020367 | 541 | ©.0018484 | sor | o.0016920
442 | ©0.0022624 | 492 | o.0020325 | 542 | ©.0018450 | 502 { o©.0016892
443 | ©0.0022573 | 493 | ©0.0020284 | 543 | ©.0018416 | 931 o0.0016863
444 | ©0.0022523 | 494 | o0.0020243 | 544 | ©.0018382 | 594 | o0.0016835
445 | ©.0022472 | 495 | o.ch20202 | 545 | ©.9018349 | s95 | o0.0016807
446 | ©.0022422 496 | ©0.0020161 | 546 | ©.0018315 596 } ©.0016779
447 0.0022371 497 0.0020121 547 ©0.0018282 597 | o0.00167%0
448 | o©.0022321 498 | ©0.0020080 | 548 | ©.0018248 | 598 | o.0016722
449 | ©.0022272 | 499 | o.0020040 | 549 | ©.0018215 | ¢9g9 | 0.0016694
450 | ©.0022222 | o5 | o0.0020000 | 55° ©0.0018182 600 | ©.0016667
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3.—REciprocALs, 601 To 800
No. Reciprocal No. Reciprocal No. Reciprocal No. Reciprocal
6or | ©0.0016639 651 ] o0.001536r | 70r'| o.0014265 | 751 0.0013316
602 | ©.0016611 652 | o.0015337 | 702 || o0.0014245 752 0.0013298
603 ©0.0016584 653 ©0.0015314 703 0.0014225 753 0.0013280
604 | ©.0016556 654 | ©.0015291 704 0.0014205 754 0.0013263
605 | ©.0016529 655 | ©0.0015267 | 705 || ©.0014184 755 ©0.0013245
606 | ©.0016502 056 | o.0015244 | 706 | ©0.0014164 756 0.0013228
Go7 0.0016474 657 ©0.0015221 707 ©0.0014144 757 0.0013210
608 | ©.0016447 658 | o.0015198 | 708 o.0014124 | 758 ©0.0013193
609 | ©0.0016420 659 | o.o0015175 | 709 0.0014104 759 0.0013175
610 | ©0.0016393 660 | o.o0015152 | 710 | ©.0014085 760 0.0013158
611 0.0016367 661 | o.corsr29 | 711 | o.001406s 761 0.0013141
612 | 0.0016340 662 | ©0.0015106 | 712 | ©0.0014045 762 0.0013123
613 | o.0016313 663 | o.ocorso83 | 713 | ©.0014025 763 0.0013106
614 | 0.0016287 | 664 | o.co15060 | 714 | ©.0014006 | 964 0.0013089
615 | o.0016260 | 665 | o0.0015038 | 715 | ©.0013986 765 0.0013072
616 | 0.0016234 666 | o.ocorsors | 716 | ©.0013966 | 766 0.0013055
617 0.0016207 667 0.0014993 717 | ©.0213947 767 0.0013038
618 | o©.0016181 668 | o.co014970 | 718 | 0.0013928 768 0.0013021
619 | o0.0016155 | 669 | 0.0014948 | 719 | ©0.0013908 | 69 | o.0013004
620 | o.oco16129 670 | o.oco14925 | 720 | ©.0013889 770 0.0012987
621 0.0016103 671 0.0014903 721 0.0213870 77t 0.0012970
622 | o.o0016077 672 | 0.0014881 722 0.0213850 772 0.0012953
623 o.0016051 673 | o.0014859 723 0.0213831 7713 0.0012937
624 | o0.0016026 674 | o0.0014837 724 0.0013812 774 0.0012920
625 | o0.0016000 | 675 | o0.0014815 | 725 | ©.0013793 | 775 0.0012903
626 | o0.0015974 | 676 ; o.0014793 | 726 | ©.0013774 | 776 0.0012887
627 | ©0.0015949 |, 677 | o.c014771 727 0.0013755 777 0.0012870
628 | o0.0015924 | 678 | o0.0014749 | 728 | ©.0013736 | 778 | o.0012853
629 | 0.0015898 | 679 | o.0014728 | 729 | ©.0013717 | 479 0.0012837
€30 | ©0.0015873 | 680 | o.0014706 | 730 | ©.0013699 | 480 | o.ocor2821
631'| ©0.0015848 | 681 | o0.0014684 | 731 | ©0.0013680 | 8¢ 0.0012804
632 | c.oo15823 | 682 | o.0014663 | 732 | ©.0013661 | ;82 | o.0012788
633 | ©0.0015798 | 683 | o.cor464r | 733 | ©0.0013643 | 583 0.0012771
634 | o.0015773 | 684 | o.0014620 | 734 | ©.0013624 | 484 | o.o0r2755
635 | o.0015748 | 685 | o.c0r4599 | 735 | ©.0013605 | 85 0.0012739
636 | o.00t5723 | 686 | o0.0014577 | 736 | 0.0013587 | 786 0.0012723
637 | ©0.0015699 | 687 | o.c014556 | 737 | ©.0013569 | 787 | o.0012706
638 | ©0.0015674 | 688 | o.0014535 | 738 ] ©.0013550 | 788 | o.0012690
639 | ©.0015649 | 689 | o.c0r14514 | 739 | ©.0013532 789 0.0012674
640 | o.0015625 690 | ©0.0014493 740 | o0.0013514 790 0.0012658
641 | o©.0015601 601 | o.0014472 | 741 | 0.0013495 791 0.0012642
642 | 0.0015576 | 692 | o.corg4sr | 742 | ©0.0013477 | 792 0.0012626
643 | o oo15552 693 | o.corg4430 | 743 | ©.0013459 793 0.0012610
644 | 0.0015528 | 694 | o.o014409 | 744 | ©.0013441 794 0.0012594
645 | ©0.0015504 | 695 | o0.0014388 | 745 | ©.0013423 | 795 0.0012579
646 | ©0.0015480 | 696 | o0.0014368 | 746 | ©.0013405 | 796 | o.cor2s63
647 | o0.0015456 | 697 | o.0014347 | 747 | ©.0013387 | 497 0.0012547
648 | ©0.0015432 1 698 | o.o014327 | 748 | ©.0013369 | 708 ©0.0012531
649 | ©.0015408 | 699 | o.0014306 | 749 | ©-00133s51 799 0.0012516
6s0| ©0.0015385 | 700 | o0.0014286 | 9| ©-0013333 | 8oo 0.0012500




ARITHMETIC

8.—REcIpPrOCALS, 801 TO 1000

No. Reciprocal No. Reciprocal No. Reciprocal No. Reciprocal

80r( o0.0012484 | 851 | o.o011751 gor | o.0011099 | 9sr | o.0010515
802 | ©0.0012469 852 | o0.0011737 go2 | ©0too11086 952 | ©.0010504
803 | ©.0012453 853 | o0.0011723 go3 | ©.0011074 | 953 | ©.0010493
804 | 0.0012438 | 854 | o.c0r1710 | 904 | ©.c0r1062z | 954 | ©.0010482
805 | ©0.0012422 | 855 | o.0011696 | 9os | ©.00II050 | 955 | ©.0010471I
806 | ©.0012407 | 856 | o0.0011682 | 906 | ©.0011038 | 956 | o©.0010460
807 | o©.0012392 8s7 0.0011669 go7 0.9011025 957 ©0.0010449
808 | ©.0012376 858 | o.co11655 go8 | o.o0ti013 958 | ©.0010438
809 | ©.0012361 859 | o.cor11641 909 | ©.0011001 959 | ©.0010428
810 | ©0.0012346 860 | o.0011628 | 910 ] ©0.0010989 | g6o | o©.o0r10417
811 0.0012330 861 0.0011614 9rr 0.0010977 961 ©.0010406
812 | o.o012315 | 862 | o.c0or160r | 912 | 0.0010965 | g62 | o©.0010395
813 | ©.0012300 | 863 | o0.0011587 913 | ©0.0010953 | 963 | 0.0010384
814 | 0.0012285 864 | o0.0011574 914 | ©.0010941 964 | ©.0010373
815 | ©0.0012270 865 | o.oco11561 915 | ©.0010929 96s | ©0.0010363
816 | o.oor22s5 | 866 | o.oorxs4y | 916 | ©0.0010017 | 966 | ©.0010352
817 | o.o0r2240 | 867 | o.ocor1534 | 917 | ©.0010905 | g67 | ©0.0010341
818 | o.oco12225 | 868 | o.ocorrszr | 918 | ©0.0010893 | 968 | ©.0010331
819 | o.oo12210 | 869 | o.corrsoy | 919 | ©0.0010881 | 969 | ©.c010320
820 0.0012195 870 | o0.0011494 920 o.co10870 970 ©0,0010309
821 | o0.00r2180 | 871 | o.001148r | 921 | 0.0010858 | 971 | o.0010299
822 | o.0012165 | 872 | 0.0011468 | 922| ©0.0010846 | 972 | o0.0010288
823 1 o.oor2rs1 | 873 | o.ocorzgss | 923 | 0.0010834 | 973 | o.0010277
824 | o0.0012136 874 | o.oco11442 924 | ©0.00ro8z3 974 | o©0.0010267
825 | o.oor2121 | 875 | o.oo11429 [ 925 | ©.001081r | 975 | o0.0010256
826 | o.cor2r1o07 | 876 | o.0011416 | 926 | 0.0010799 | 976 | o0.c010246
827 | o.0012092 | 877 | o.co11403 | 927 | ©.0010787 | 977 | o.c010235
828 | o.0012077 | 878 | o.corrzgo } 928 | 0.0010776 | 978 | o.c010225
829 | ©0.0012063 | 879 | o.cor1377 | 929 | ©0.0010764 | 979 | o.o010215
830 | o.0012048 880 | o0.0011364 930 | ©.0010753 980 | o.0010204
831 | o0.0012034 { 881 | o.oo11351 931 | ©.0010741 981 | ©.0010104
832 | o©.0012019 882 | o0.0011338 932 | ©0.0010730 | 982 | o.0010183
833 | ©.001200§ 883 ©0.0011325 933 0.0010718 983 | o.oco10173
834 | o.ocorrggo 884 | o.oorrziz 934 | ©.0010707 984 | o.c010163
835 | ©.0011976 88s ©.0011299 935 0.0010695§ 985 | o.ocoro1s2
836 | o0.00r1962 | 886 | o.corr287 | 936 | 0.c010684 | 986 | o.c0r0142
837 | o0.0011947 | 887 | o.corr27§ | 937 | 0.0010672 | 987 | o.o00r0132
838 | o.ocorr933 | 888 | o.oorrz6xr | 938 | ©0.00ro66r | 988 | o.ocororz:
839 | o.cor19ig | 889 | o.corrzs9 | 939 | ©.co10650 | 989 | o.oororrr
840 | o.ocorrgos | 890 | o.0orr236 | 940 | 0.0010638 | 990 | o.oor0101
841 | o.ocorx89r | 89r | o.corrzz3 | 941 | 0.0010627 | gor | o0.0010091
842 | 0.00r1876 | 892 | o.corrarr | 942 | ©0.0010616 | 992 | o©.0010081

843 | o.oco0r1862 893 | ©0.00111g8 943 | o.0010604 993 | o©0.0010070
844 | 0.0011848 | 894 | ©.0011186 | 944 | ©.0010593 | 994 | o.o0r100Go
845 | o.0011834 895 | o.o0r1173 945 | ©0.0010582 995 | ©.0010050
846 | o.0011820 896 ©.0011161 946 | o.o010571 996 | o©.0010040
847 | o.corr806 | 897 | o.oorrxig8 | 947 | o.co10860 | 997 | .0010030
848 | o©.0011792 898 | -0.0011236 | 948 | o.0p10549 | 998 | ©.0010020
849 | o.0011779 899 | o.oorrr23 | 949 | 0.0010537: 999 | o©.cor0010
8so | o.001176% 900 | o©.oofrIr: gs?i 0.0010526 | 1000 | ©.0010000




56 HANDBOOK OF APPLIED MATHEMATICS
3.—REecreroCALS, 1001 TO 1200
No. { Reciprocal No. | Reciprocal No. | Reciprocal No. | Reciprocal
‘1001 | ©.0009990 | 1051 | ©.0009515 | 1101 | ©.0000083 | 1151 | ©.0008688
1002 | 0.0009980 | 1052 | ©0.0009506 | 1102 | ©0.0009074 | 1152 | ©.0008681
1003 | ©0.0009970 | 1053 0.0009497 | 1103 0.0009066. | 1153 0.0008673
1004 | 0.0009960 | 1054 | ©0.0009488 | 1104 | ©0.0000058 | 1154 | ©.0008666
1005 | ©.0009950 | 1055 | ©.0000479 | 1105 | ©.000gosO0 | IISS | ©.0008658
1006 | ©0.0009940 | 1056 | ©.0000470 | 1106 { 0.0009042 | 1156 | ©.0008651
1007 | ©0.0009930 | 1057 | ©0.0000461 | 1107 | ©.0009033 | 1157 | ©.0008643
1008 | ©0.0009921 | 1058 | ©.0009452 | 1108 | ©.0009025 | 1158 | ©.0008636
1009 | 0.0009911 | 1059 | ©.0009443 | 1109 | ©.0009017 | 1159 | ©.0008628
1010 | ©0.0009901 | 1060 | ©0.0009434 | 1110 | ©.0009009 | 1160 | ©.0008621
1011 | ©.0009891 | 1061 ©0.0009425 | T1II 0.000900r | 1161 | ©.0008613
1012 | ©0.0009881 | 1062 | ©0.0009416 | 1112 | ©.0008993 | 1162 | ©.0008606
1013 | ©.0009872 | 1063 | ©.0009407 | 1113 | ©.0008985 | 1163 | ©.0008598
1014 | ©0.0009862 | 1064 | ©0.0009398 | 1114 | ©.0008977 | 1164 | ©.0008591
1015 | ©0.0009852 | 1065 | ©.0009390 | 1115 | ©.0008969 | 1165 | ©.0008584
1016 | ©0.0009843 | 1066 | ©.0009381 | 1116 | ©.0008961 | 1166 | ©.0008576
1017 0.0009833 | 1067 0.0009372 | 1117 0.0008953 | r167 0.0008569
1018 | ©0.0009823 | 1068 | ©.0009363 | 1118 | ©.0008945 | 1168 | ©.0008562
1019 | ©.0009814 | 1069 | ©0.0009355 | 1119 | ©.0008937 | 1169 | ©.0008554
2020 0.0009804 | 1070 0.0009346 | 1120 | ©.0008929 | 1170 0.0008547
1021 ©0.0009794 | 1071 0.0009337 | 1121 0.0008921 | 1171 0.0008540
1022 | ©0.0009785 | 1072 | ©0.0009328 | 1122 | ©.0008913 | 1172 | ©.0008532
1023 0.0009775 | 1073 0.0009320 | 1123 0.0008905 | r173 0.0008525
1024 | ©.0009766 | 1074 0.0009311 | 1124 | ©0.0008897 | 1174 | ©.0008518
102§ 0.0009756 | 1075 0.0000302 | II2§ 0.0008889 | 1175 0.0008s11
1026 0.0009747 | 1076 0.0009294 1126 0.0008881 | 1176 0.0008503
1027 | ©.0009737 | 1077 0.0009285 | 1127 0.0008873 | 1177 0.0008496
1028 0.0009728 | 1078 0.0009276 | 1128 ©0.0008865 | 1178 ©.0008489
1029 | ©0.0009718 | 1079 | ©.0009268 | 1120 | ©.0008857 | 1179 | ©.0008482
1030 | ©0.0009709 | 1080 | ©.0009259 | 1730 | ©.0008850 | 1180 [ ©.0008475
1031 | ©0.0000699 | 1081 0.0009251 | 113t 0.0008842 | 1181 0.0008467
1032 | ©0.0009690 | 1082 | ©0.0009242 | 1133 | ©.0008834 | 1182 | ©.0008460
1033 | ©0.0009681 | 1083 | ©.0009234 | 1133 | ©.0008826 | 1183 | ©.0008453
1034 | ©.0000671 | 1084 | ©.0009225 | 1134 | ©.0008818 | 1184 | 0.0008446
1035 | ©.0009662 | 1085 | ©0.00092r7 | 1135 | ©.0008811 | 1185 | ©.0008439
1036 | ©.0000653 | 1086 | ©0.0009208 | 1136 | ©.0008803 | 1186 | ©.0008432
1037 0.0009643 | 1087 0.0009200 | 1137 ©0.0008795 | 1187 0.0008425
1038 | ©0.0000634 | 1088 | o.0009191 | 1138 | ©.0008787 [ 1188 | 0.0008418
1039 | ©.0009625 | 1089 | ©.0009183 | 1139 | ©.0008780 [ 1189 | ©.0008410
1040 | ©.0009615 | 1090 | ©.0009174 | 1140 | ©.0008772 | 1190 | ©.0008403
1041 ©0.0009606 | 1091 | ©0.0009166 | 114 0.0008764 | 1191 | ©.0008396
1042 | ©0.0009597 | 1092 | ©0.0009158 | 1X42 | ©.0008757 | rrgz | o©.0008389
1043 | ©.0000588 | 1093 | ©.0009149 | 1743 | ©.0008749 | 1193 | ©0.0008382
1044 | ©0.0009579 | 1094 | o.0009131 | 1744 | ©.0008741 | 1194 [ ©.0008375
1045 | ©.0009569 | 1095 | ©.0009132z | 1145 | ©.0008734 | 1195 | ©.0008368
1046 [ ©0.000y560 | 1096 | ©.0009124 | 1146 | ©.0008726 | 1196 | o0.0008361
1047 | ©0.0009551 | 1007 | o.0009116 | X147 | ©.0008718 | r197 | o©.0008354
1048 | ©0.0009542 | 1098 | o.000g91o7 | 1148 | ©.0008711 | 1198 | ©.0008347
1049 | ©.0009533 | 1099 | ©0.000g099 | 1149 | ©.0008703 | rrgg | o©.0008340
1050 | ©0.0009524 | 1100 | ©.0009091 | 1150 ©0.0008696 | 1200 ©0.0008333
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3.—REcrerocavLs, 1201 To 1400

No. Reciprocal No. Reciprocal No. | Reciprocal No. Reciprocal
1201 0.0008326 | 1251 0.0007994. { 1301 | ©.0007686 | 1351 | ©.Q007402
1202 | ©.0008319 | 1252 | ©0.0007987 | 1302 q.ooo768° 1352 | ©0.0007396
1203 ©0.0008313 | 1253 ©0.0007981 | 1303 | ©.0007675 | 1353 ©.000739%
1204 0.0008306 | 1254 | ©0.0007974 | 1304 | ©0.0007669 | 1354 | ©0.0007386
120§ 0.0008299 | 1255 | ©.0007968 | 1305 | ©.0007663 | 135S ©.0007380
1206 0.00082092 | 1256 | ©0.0007962 | 1306 | ©0.0007657 | 1356 | ©.0007375
1207 ©.0008285 | 1257 0.0007955 | 1307.|. ©0.0007651 | 1387 ©0.0007369
‘1208 0.0008278 | 1258 0.0007949 | 1308 | ©0.0007645 | 1358 | ©.0007364
1209 | ©.0008271 | 1259 | ©.0007943 | 1300 | ©.0007639 | 1359 | ©.0007358
1210 | ©.0008264 | 1260 | ©.000793% | 1310 | ©.0007634 | 1360 | ©.0007353
1211 0.0008258 | 1261 | ©.0007930 | 1311 | ©0.0007628 | 1361 | ©.0007348
1212 ©0.0008251 | 1262 ©0.0007924 | 1312 ©0.0007622 | 1362 ©0.0007342
1213 0.0008244 | 1263 ©.0007918 | 1313 | ©.0007616 | 1363 | ©.0007337
1214 0.0008237 | 1264 ©0.0007911 | 1314 ©0.0007610 | 1364 0.0007331
1215 0.0008230 | 1265 | ©.0007905 | 1315 | ©.0007608 | 1365 | ©.0007326
1216 | ©0.0008224 | 1266 | ©.0007809 | 1316 | ©.0007509 | 1366 | ©.0007321
1217 0.0008217 | 1267 | ©.0007893 | 1317 | ©.0007593 | 1367 | ©.0007315
1218 | o0.0008210 | 1268 | 0.0007886 | 1318 | ©.0007587 | 1368 | ©.0007310
1219 0.0008203 | 1269 | ©.0007880 | 1319 | ©.0007582 )} 1369 | ©.0007305
1220 0.0008197 | 1270 ©0.0007874 | 1320 0.0007576 | 1370 ©0.0007299
1221 0.0008190 | 1271 | ©0.0007868 | 1321 | ©.0007570 | 1371 | ©.0007294
1222 0.0008183 | 1272 | ©.0007862 | 1322 | ©.0007564 | 1372 | ©.0007289
1223 0.0008177 | 1273 ©0.00078s55 | 1323 ©0.0007559 | 1373 0.0007283
1224 | ©0.0008170 | 1274 | ©0.0007849 | 1324 | ©.0007553 | 1374 | ©.0007278
1225 0.0008163 | 1275 | ©.0007843 | 1325 0.0007547 | 1375 | ©.0007273
1226 | 0.0008157 | 1276 | ©.0007837 | 1326 | o0.0007541 | 1376 | ©.0007267
1227 0.0008150 | 1277 | ©0.0007831 | 1327 0.0007536 | 1377 | ©.0007262
1228 0.0008143 | 1278 | 0.0007825 | 1328 | ©0.0007530 | 1378 | ©.0007257
1229 | o0.0008137 | 1279 | 0.0007819 | 1329 | ©0.0007524 | 1379 | ©.0007252
1230 | ©0.0008130 | 1280 | ©0.0007813 | 1330 | ©.0007519 | 1380 | ©0.0007246
1231 0.0008123 | 1281 0.0007806 | 1331 | o©.0007513 | 1381 0.0007241
1232 | ©0.0008117 | 1282 | ©0.0007800 | 1332 | ©0.0007508 | 1382 | ©.0007236
1233 0.0008110 | 1283 | ©.0007794 | 1333 | ©.0007502 | 1383 | ©.0007231
1234 | ©.0008104 | 1284 | ©0.0007788 | 1334 | ©0.0007496 | 1384 | o0.0007225
1235 0.0008097 | 1285 | ©0.0007782 | 1335 | ©.0007491 | 1385 | ©.0007220
1236 0.0008091 | 1286 0.0007776 | 1336 0.0007485 | 1386 0.0007215
1237 0.0008084 | 1287 ©.0007770 | 1337 ©0.0007479 | 1387 0.0007210
1238 | ©.0008078 | 1288 | ©0.0007764 | 1338 | ©0.0007474 | 1388 | ©.0007205
1239 | ©0.0008071 | 1289 | ©.0007758 | 1339 | ©.0007468 { 1389 | ©.0007199
1240 | ©.0008065 | 1290 | ©.0007752 | 1340 | ©.0007463 | 1390 | ©.0007194
1241 | ©0.0008058 | 1291 | ©70007746 | 1341 | ©0.0007457 | 1391 | o©.0007189
1242 | 0.0008052 | 1292 | ©0.0907740 | 1342 | ©0.0007452 | 1392 | o0.0007184
1243 | ©0.0008045 | 1293 | ©.0007734 | 1343 | ©.0007446 | 1393 | ©.0007179
1244 | ©0.0008039 | 1294 | ©.0007728 | 1344 | ©.0007440 | 1394 | ©.0007174
1245 | ©.0008032 | 1295 | ©.0007722 | 134§ | ©0.0007435 | 1395 | ©0.0007168
1246 | 0.0008026 | 1296 | ©0.0007716 | 1346 | ©0.0007429 | 1396 | ©.0007163
1247 0.0008019 | 1297 ©0.0007710 | 1347 0.0007424 | 1397 | ©0.0007158
1248 | o0.0008013 | 1298 | '0.0007704 | 1348 | . 0.0007418 | 1398 | o.0007153
1249 | 0.0008006 | 1299 [. ©0.0007698 | 1349 | ©.0007413 | 1399 o.0007148
1250 | ©.0008000 | 2300 | ©.0007692 | 1350 | 0.0007407 | 1400| ©.0007143
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No. Reciprocal No. Reciprocal No. Reciprocal No. | Reciprocal

1401 | ©0.0007138 | 1451 | ©0.0006892 | 1501 | ©0.0006662 | 1551 | ©.0006447
1402 0.0007133 | 1452 0.0006887 | rso2 ©0.0006658 | 1552 0.0006443
1403 0.0007128 | 1453 0.0006882 | 1503 0.0006653 | 1553 | ©.0006439
1404 | ©0.0007123 | 1454 | ©.0006878 | 1504 | ©0.0006649 | 1554 | ©.0006435
14085 0.0007117 | 145§ 0.0006873 | 1508 ©0.0006645 | 1555 0.0006431
1406 | 0.0007112 | 1456 | ©0.0006868 | 1506 | ©.0006640 | 1556 | ©.0006427
1407 0.0007107 | 1457 | ©.p006863 | 1507 | 0.0006636 | 1557 | ©.0006423
1408 | ©0.0007102 | 1458 | ©.0006859 | 1508 | ©0.000663r | 1558 | ©.0006418
1409 | 0.0007097 | 1459 | 0.0006854 | 1509 | ©.0006627 | 1559 | ©.0006414
1410 | ©0.0007092 | 1460 | ©0.0006849 | 1510 | ©.0006623 | 1560 | ©.0006410
1411 0.0007087 | 1461 0.0006845 | 151r | ©.0006618 | 1561 | ©.0006400
1412 | 0.0007082 | 1462 | 0.0006840 | 1512 | ©.0006614 | 1562 | ©.c006402
1413 | ©0.0007077 | 1463 | ©0.0006835 | 1513 | ©0.0006609 | 1563 | ©.0006398
1414 | ©0.0007072 | 1464 | ©.0006831 | 1514 | 0.0096605 | 1564 | ©.0006394
1415 ©0.0007067 | 1465 | ©.0006826 | rsr5 | ©0.0%06601 | 1565 | ©.0006390
1416 | ©0.0007062 | 1466 | ©0.0006821 | 1516 | 0.9996596 | 1566 | ©.0006386
1417 | o.0c007057 | 1467 | ©.0006817 | 1517 | 0.0006592 | 1567 | ©.0006382
1418 | ©0.0007052 | 1468 | ©.0006812 | 1518 | ©.0906588 | 1568 | ©.0006378
1419 { ©0.0007047 | 1469 | ©.0006807 | 1519 | ©.0006583 | 1569 | ©.0006373
1420 | 0.0007042 | 1470 | ©0.0006803 | 1520 | ©.0006579 | 1570 | ©.0006369
1421 | ©0.0007037 | 1471 | ©0.0006798 | rs2r | o.od06s75 | 1571 | ©.0006365
1422 0.0007032 | 1472 0.0006793 | 1522 0.0006570 | 1572 0.0006361
1423 ©.0007027 | 1473 | ©0.0006789 | 1523 | ©.0006566 | 1573 0.0206357
1424 | ©.0007022 | 1474 | ©0.0006784 | 1524 | ©.0006562 | 1574 | ©.0006353
1425 | ©.0007018 | 1475 | 0.0006780 | 1525 | ©0.0006557 | 1575 | ©.0006349
1426 0.0007013 | 1476 | ©.0006775 | 1526 | ©.0006553 | 1576 | ©.0006345
1427 0.0007008 | 1477 0.0006770 | 1527 | ©.0006549 | 1577 0.0006341
1428 | ©0.0007003 | 1478 | ©0.0006766 | 1528 | ©0.0006545 | 1578 I ©.0006337
1429 | ©.0006998 | 1479 | ©.0006761 | 1529 | ©.0006540 | 1579 | ©.0006333
1430 | ©0.0006993 | 1480 | ©.0006757 | 1530 | ©.0006536 | 1580 | ©.0006329
1431 0.0006988 | 1481 0.0006752 | 1531 | ©0.0006532 | 1581 | ©.0006325
1432 | 0.0006983 | 1482 | 0.0006748 | 1532 | ©.0006527 | 1582 | ©.0006321
1433 | ©0.0006978 | 1483 | ©.0006743 | 1533 | ©.0006523 | 1583 | ©.0006317
1434 | ©.0006974 | 1484 | ©0.0006739 | 1534 | ©.0006519 | 1584 | ©.0006313
1435 | ©.0006969 | 1485 | 0.0006734 | 1535 | ©.0206515 | 1585 | ©.0006309
1436 | ©0.0006964 | 1486 | ©0.0006729 | 1536 | ©.0006510 | 1586 | ©.0006305
1437 | ©.0006959 | 1487 | ©0.0006725 | 1537 | ©0.0006506 | 1587 | ©.0006301
1438 | ©0.0006954 | 1488 | 0.0006720 | 1538 | ©0.0006502 | 1588 | ©.0006297
1439 | ©.0006949 | 1489 ©0.0006716 | 1539 | ©.0006498 | 1589 0.0006293
1440 0.0006944 | 1490 0.0006711 | 1540 | ©.0096494 | 1590 ©.0006289
1441 ©0.0006940 | 1491 0.0006707 | 1541 0.0005489 | 1591 ©.0006285
1442 | ©.0006935 | 1492 ©0.0006702 | 1542 | 0.0206485 | 1592 0.0006281
1443 | ©.0006930 | 1493 | ©.0006698 | 1543 | 0.0235481 | 1593 | ©.0006277
1444 | ©0.0006925 | 1494 | ©0.0006693 | 1544 | ©.0336477 | 1594 | ©.0006274
1448 0.0006920 | 149§ 0.0006689 | 545 0.0296472 | 1595 0.0006270
1446 | ©0.0006916 | 1496 | ©.0006684 | ; 546 | ©0.0006468 | 1596 | ©.0006266
1447 | o©.0006911 | 1497 0.0006680 | 1547 | ©0.0006464 | 1597 [ ©.0006262
1448 | 0.0006906 | 1498 | ©.0006676 | 548 | ©.0006460 | 1598 | ©.0006258
1449 | ©.0006901 | 1499 | @.000667% | 1549 | ©.0006456 | 1599 | ©-0006254
1450 | ©0.0006897 | 1500 | ©0.0006667 | 1550 | o.0006452 | 1600 | ©.0006250
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No. Reciprocal No. Reciprocal No. Reciprocal No. Reciprocal
1601 | ©0.0006246 | 1651 | ©0.0006057 | 1701 | ©0.0005879 | 1751 | ©.000S7LX
1602 0.p006242 | 1652 0.0006053 | 1702 | ©.0005878 | 1752 0.0005708
1603 0.0006238 | 1653 | ©.0006050 | 1703 | ©.0005872 | 1753 0.000570%
1604 0.0006234 | 1654 | ©.0006046 | 1704 | ©0.0005869 | X754 | ©.0005701
1605 0.0006231 | 1655 | ©.0006042 | 1705 0.000586s5 | 1755 0.0005698
1606 | ©0.0006227 | 1656 | ©.0006039 | 1706 | ©.0005862 | 1756 | ©.0005695
1607 0.0006223 | 1687 0.000603§ | 1707 0.0005858 | 1757 0.0005692
1608 | ©0.0006219 | 1658 | ©.0006031 | 1708 | ©.0005855 | 1758 | ©.0005688
1609 | ©.0006215 | 1659 | ©.0006028 | 1709 | ©.0005851 | 1759 0.0005685
160 | 0.0006211 | 1660 | ©0.0006024 | 1710 | ©0.0005848 | 1760 | ©.0005682
1611 | ©0.0006207 | 1661 | ©.0206020 | 1711 0.0005845 | 1761 | ©.0005679
1612 | 0.0006203 | 1662 | 0.0206017 | r712 0.0005841 | 1762 0.0005675%
1613 | 0.0006200 | 1663 | ©.0006013 | 1713 | ©0.0005838 | 1763 | ©.0005672
1614 0.0006196 | 1664 0.0006010 | 1714 0.0005834 | 1764 0.0005669
1615 | ©0.0006192 | 1665 | ©.0006006 | 1715 | ©.0005831 | 1765 | ©.0005666
1616 | ©.0006188 | 1666 | ©.0006002 | 1716 ©0.0005828 | 1766 | ©.0005663
1617 | 0.0006184 { 1667 | ©.0005999 | 1717 | ©.0005824 | 1767 | ©.0005659
1618 | 0.0006180 | 1668 | ©.000599s | 1718 0.0005821 | 1768 | ©.0005656
16:9 0.0006177 | 1669 ©.0005992 | 1719 0.0005817 | 1769 ©0.0005653
1620 | 0.0006173 | 1670 | ©.0005988 | 1720 0.0005814 | 1770 | ©.0005650
1621 0.0006169 | 1671 ©0.0005983 | 1721 0.0005811 | 1771 ©.0005647
1622 0.0006165 | 1672 0.0005981 | 1722 0.0005807 | 1772 ©0.0005643
1623 0.0006161 | 1673 0.0008977 | 1723 0.0005804 | 1773 0.0005640
1624 | 0.0000158 | 1674 | ©.0005974 | X724 0.0005800 | 1774 0.0005637
1625 0.0006154 | 1675 0.0005970 | 172§ ©.0Q05797 | 1775 0.0005634
1626 | 0.0006150 | 1676 | ©.0005967 | 1726 ©0.0005794 | 1776 | ©.0005631
1627 ©0.0006146 | 1677 0.0005963 | 1727 0.0005790 | 1777 | ©.0005627
1628 | ©0.0006t43 | 1678 | ©0.0005959 | 1728 0.0005787 | 1778 | ©0.0005624
1629 | o©.0006139 | 1679 0.0005956 | 1729 0.0005784 | 1779 0.0005621
1630 | ©0.0006135 | 1680 | ©0.0005952 | 1730 0.0005780 | 1780 | ©.0005618
1631 0.0006131 | 1681 0.0005949 | 1731 0.0005777 | 1781 0.0005615
1632 0.0006127 | 1682 0.0005945 | 1732 0.0005774 | 1782 0.0005612
1633 0.0006124 | 1683 0.0005942 | 1733 ©0.0005770 | 1783 ©.0005609
1634 | ©0.0006120 | 1684 | ©0.0005938 | 1734 | ©.0005767 | 1784 | ©O.000s605
1635 | ©0.0006116 | 1685 | ©0.0005935 | 1739 | ©.0c05764 | 1785 | ©.0005602
1636 0.0006112 | 1686 0.0005931 | 1736 0.0005760 | 1786 0.0005599
1657 | ©0.0006100 | 1687 | ©0.0005928 | 1737 | ©.0005757 | 1787 | ©.0005596
1638 | o.0006105 | 1688 | ©0.0005924 | 1738 | ©0.0005754 | 1788 | ©.0005593
1639 | o.0006101 | 1689 | ©.0005921 | 1739 | ©.000§750 | 1789 | ©.0005590
1640 | 0.0006098 | 1690 { ©0.0005917 | 1740 | ©.0005747 | 1790 | ©.0005587
1641 0.0006094 | 1691 0.0005914 | 1741 0.0005744 | 1791 ©0.0005583
1642 | 0.0006090 | 1692 | ©.0005910 | 1742 0.0005741 | 1792 | ©.0005580
1643 | 0.0006086 | 1693 | ©.0005907 | 1743 ©0.0005737 | 1793 | ©.0005577
1644 | 0.0006083 | 1694 | ©.0005903 | 1744 | ©.0005734 | 1794 | ©.0005574
1645 | ©0.0006079 | 1695 | ©.0005900 | 1745 0.000573L | 1795 | ©.000557.X
1646 ©0.0006075 | 1696 ©0.0005896 | 1746 ©0.0005727 { 1796 ©.0005568
1647 0.0006072 | 1697 | ©.0005893 | 1747 0.0005724 | 1797 | ©.0005565
1648 | 0.0006068 | 1698 | ©.0005889 | 1748 | ©.000s721 | 1798 | ©.0005562
1649 | ©0.0006064 | 1699 | ©.0005886 | 1749 | 0.000§718 | 1799 | ©.0005559
1650 | ©.0006061 | 1700 | ©.0005882 | 1750 | ©.0005714 | 1800 | ©.0005556
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No. Reciprocal No. Reciprocal No. Reciprocal No. Reciprocal
1801 0.0005552 | 1851 0.0005402 | 1901 0.0005260 | 1951 o0 0005126
1802 0.0005549 | 1852 0.0005400 | 1902 ©0.0005258 | 1952 ©0.0005123
1803 0.0005546 | 1853 ©0.0005397 | 1903 ©0.0005255 | 1953 0.0005120
1804 0.0005543 | 1854 ©.0005394 | 1904 ©0.0005252 | 1954 0.0005118
1805 0.0005540 | 1855 ©0.0005391 | 1905 0.0005249 | 1955 0.000511§
1806 | ©.0005537 | 1856 | ©0.0005388 | 1906 | ©0.0005247 | 1956 | ©0.00OsII2
1807 0.0205534 | 1857 ©.0005385 | 1907 0.0005244 | 1987 ©0.00051 10
1808 0.0005531 | 1858 ©0.0005382 | 1908 0.0005241 | 1958 0.0005107
1809 0.0905528 | 1859 ©0.0005379 | 1909 0.0205238 | 1959 ©.0005105
1810 0.0005525 | 1860 0.0005376 | 1910 | ©0.0005236 | 1960 | ©.0005102
1811 0.0005522 | 1861 0.0005373 | 1911 0.0005233 | 1961 ©.0005099
1812 0.0905519 | 1862 ©0.000§371 | 1912 0.0005230 | 1962 0.0005097
1813 0.0005516 | 1863 ©.0005368 | 1913 0.0005227 | 1963 0.0005094
1814 | ©0.0005513 | 1864 | ©0.0005365 | 1974 | ©0.0005225 | 1964 | ©0.0005092
1815 0.0005510 | 1865 0.0005362 | 1915 | ©.0005222 | 1965 0.0003089
1816 0.0005507 | 1866 ©0.0005359 | 1916 0.0005219 | 1966 0.0005086
1817 0.0%05504 | 1867 ©0.0005356 | 1917 0.0005216 | 1967 0.0005081
1818 | o.o000ssor | 1868 | ©.0005353 | 1918 | ©0.0005214 | 1968 | ©.0005081
1819 0.0205498 | 1869 ©0.0005350 | 1919 | ©0.0005211 | 1969 | ©.0005079
1820 | 0.0205495 | 1870 0.0005348 | 1920 | ©0.0005208 | 1970 | ©.0005076
1821 0.0295491 | 1871 ©.0005345 | 1921 ©0.0005206 | 1971 ©0.0005074
1822 0.0205388 | 1872 ©0.0005342 | 1922 | 0.0005203 | 1972 | ©.0005071
1823 0.0005485 | 1873 ©0.0005339 | 1923 | ©0.0005200 | 1973 0.0005068
1824 0.0305482 | 1874 0.0005336 | 1924 | 0.0005198 | 1974 | @.0005066
1825 0 0205479 | 1875 0.0005333 | 1925 ©.0005195 | 197§ 0.0005063
1826 0.0005476 | 1876 0.0005330 | 1926 | ©0.0005192 | 1976 | ©.0005061
1827 0.0205473 | 1877 0.0005328 | 1927 0.0005189 | 19y77 0.0005058
1828 | ©0.0205470 | 1878 | o©0.0005325 | 1928 | ©0.0005187 | 1978 | ©0.0005056
1829 0.0205467 | 1879 ©0.0005322 | 1929 0.0005184 | 1979 0.0005053
1830 | ©0.0005464 | 1880 | o©.0005319 | 1930 | ©.0005181 | 1980 | o©.0005051
1831 0.0005461 | 1881 0.0005316 | 1931 0.0095179 | 1981 0.0005048
1832 0.0205459 | 1882 0.0005313 | 1932 0.0205176 | 1982 0.0005045
1833 0.0005456 | 1883 ©0.0005311 | 1933 0.0005173 | 1983 | ©0.0005043
1834 0.0005453 | 1834 0.0005308 | 1934 0.0005171 | 1984 ©0.0005040
1835 0.0935450 | 1885 0.0005305 | 193§ ©0.0005168 | 1985 0.0005038
1836 0.0005447 | 1886 0.0005302 | 1936 | ©.0005165 | 1986 | ©.0005035
1837 | ©.0205444 | 1887 0.0005299 | 1937 | ©0.0005163 | 1987 | ©.0005033
1838 | ©0.0935441 | 1888 | 0.0005297 | 1938 | ©.0005160 | 1988 | ©.0005030
1839 0.0%25438 | 1889 0.0005294 | 1939 0.0005157 | 1989 0.0005028
1840 ] 0.0005435 | 1890 | ©0.0005291 | 1940 | ©0.0005155 | 1990 | ©.000502§
1841 0.0005432 | 1891 | ©0.0005288 | 1941 | ©0.000s5152 | 1991 | ©.0005023
1842 0.0005429 | 1892 0.0005285 | 1942 0.0005149 | 1992 0.0005020
1843 | ©0.0905426 | 1893 | ©0.0005283 | 1943 | ©.0005147 | 1993 | ©.0005018
1844 0.0005423 | 1894 0.0005280 | 1944 0.0005144 | 1994 ©.0005015
1845 0.0005420 | 189§ 0.0005277 | 194§ 0.000514% | 1995 ©0.0005013
1846 0.0005417 | 1846 0.0005274 | 1946 | ©.0005139 | 1996 | ©o.c005010
1847 | ©.0005414 | 1897 | o©.0005271 | 1947 | ©.0005136 | 1997 | ©.0005008
1848 | .0.0005411 | 1898 | o©.0005269 | 1948 | ©.0005133 | 1998 | ©.0005005
1849 | ©0.0005408 | 1899 | 0.0005266 | 1949 | ©.0005131 | 1999 | ©.000§003
1850 | ©.000540s | 1900 | ©0.0005263 | 1950 | ©.0005128 | 2000 | ©.0005000
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Then arrange a small table of its multiples up to nine times and
use this as a multiplication table.

0.000636132 X 1 = 0.000636132
0.000636132 X 2 = 0.001272264
0.000636132 X 3 = 0.001908396
0.000636132 X 4 = 0.002544528
0.000636132 X 5 = 0.003180660
0.000636132 X 6 = 0.003816792
0.000636132 X 7 = 0.004452924
0.000636132 X 8 = 0.005088956
0.000636132 X 9 = 0.005696188

Dividend 7246

Take from above table 6.......... .003816792
4. ... 0.02544528
2 00.1272264
T 004.452924
4.609412472

Correct quotient by direct division to hundred thousandths
4.60941.

Percentage.—Percent means hundredths and rate percent
means any given number of hundredths. Thus, 5 per cent, or 5%,
means .05 or 1§75, in which 5 is the rate. It may also be expressed
in true ratio, 5 : 100, meaning 5 parts of the 100, both terms being
of the same denomination. The percents commonly used may
be written in fractional form as follows:

6:% = s 12:% = % 25 %=1 62:% = %
63% = r's 145% = + 331% = 3 663% = %
83% = 1z 163% = § 50 % = % 83% = &
10 % =+ 20 % = 3 373% = 3 100 % =1

Percentage covers the operations of finding the part of a given.
number at a given rate percent, as 4 percent of 650, 650 X .04 =
26; of finding what percent one number is of another; as, what
percent of 560 is 32? '

32 <+ 560 = .057 = 5.7 percent;
of ascertaining a number when an amount is given, which is a
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given percent of that number; as, 112 is 24 percent of what

number?
112 =+ .24 = 467.

Logarithms of Numbers.—This section will not attempt to
describe in detail the principles upon which logarithms are founded
but will confine itself to a brief exposition of the use of logarithms.

The logarithm of any given number is the exponent of the
power to which another fixed number, called the base, must be
raised in order to produce the given number. A system of
logarithms may be founded on any base. Two systems are in
use, namely, common logarithms and Naperian or natural log-
arithms. Common logarithms are on the base 10. In other
words, the logarithm of a number indicates the power to which
10 must be raised to produce the given number. In this system

100=1 . log 1=0
101 =10 log 10=1
102 = 100 log 100 = 2
103 = 1000, etc. log 1000 = 3, etc.

This system is in general use for all practical purposes. When
logarithms are mentioned without further qualification, common
logarithms are meant.

Natural or Naperian logarithms are founded on a base ¢ =
2.7182818. It is used in pure mathematical discussion and in
steam and electrical engineering,

Common Logarithms.—The logarithm of a number is composed
of the characteristic, or integral portion to the left of the decimal
point, and the mantissa or decimal fraction. The mantissa is all
that appears in any table of logarithms and the degree of accuracy
is dependent upon the number of decimal places used in the man-
tissa. Table 4, following, to five decimal places will be found
compact and convenient, where the result to five significant
figures is sufficiently accurate. Where greater accuracy is
required, Vega’s tables to seven decimal places are recommended.



ARITHMETIC 6%

In the logarithm of any number, the mantissa is independent
of the position of the decimal point, while on the contrary the
characteristic is dependent only on the position of the first signifi-
cant figure of the number with relation to the decimal point.
Thus in the following examples:

(2) log3456.2 = 3.53850 34724

(b) log 34562 = 2.53850 “*‘-"u%
(c) log 34.562 = 1.53589 §"_:§?5-
(d) log  3.4562 = 0.53859 FasFo-A-

(e) log  .34562 = 1.53859 = 9.53859 — 10
) log  .034562 = 2.53859 = 8.53859 — 10

it will be seen that the characteristic is equal, algebraically, to the
number of places minus one, which the first significant figure
of the number occupies to the left of the decimal point. In
(a) the characteristic is 3; in (b), 2; in (d) 0; in (e), —1;
and in (f), —2. Some mathematicians prefer the use of the
negative characteristic, but most of them employ the *positive,”
by algebraically adding 10 to the integer and placing —10 to the
right of the mantissa or omitting the latter (—10) altogether.
For example, log .040217 = 8.60441, the —10 being understood
and the value of the characteristic being, of course, —2. In the
case of finding the root of (or dividing) a pure decimal, however,
the —10 must be employed.

To Find the Logarithm of a Number.—Example: Find the log
of 357.46. Solution: The characteristicis 3 — 1 = 2. The man-
tissa for the first four figures, 3574, is read directly from Table 4
and is .55315. To this, however, must be added & (the next
figure of the number is 6) of the difference between .55315 and
the log of 3575, or .55328. This difference is 13 and in the pro-
portional parts (P.P.) column under 13 and opposite 6 will be
found the value 8, which, added to .55315 in the last place, gives
.55323. Hence, the log of 357.46 is 2.55323 (Ans.).

To Find the Anti-logarithm (number corresponding to a log-
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arithm).—Example: What is the number whose logarithm is
1.73821? Solution: This is the reverse of finding the logarithm
of a number. Neglecting, for the present, the characteristic, the
next lower mantissa to .73821 is .73815 and the number corre-
sponding is 5472. The difference between .73815 and the next
higher mantissa in Table 4, .73823, is 8, and the proportional

] .73821 — .73815 _ 9
difference 73823 — 73815 _ 8 calls for .8 to be added to the

fourth figure, i.e., 8 to the fifth place of the number, disregarding
the decimal point, is 54728. The characteristic, 1, calls for two
places to the left of the decimal point, hence the antilog of 1.73821
is 54.728 (Ans.).

Multiplication with Logarithms.—To multiply two or more
numbers, add the logarithms of the numbers and the sum s the
logarithm of the product.

Example: Multiply 25.316 by 42.18

Solution: log 25.316 = 1.40339
log 42,18 = 1.62511

Sum = 3.02850

Product = antilog 3.02851 = 1067.9 (Ans.).

Division with Logarithms.—To divide one number by another,
subtract the logarithm of the divisor from the logarithm of the dividend;
the difference is the logarithm of the quotient.

Example: Divide 458.62 by 86.25

Solution: log 458.62 = 2.66145
log 86.25 = 1.93576

Difference = 0.72569

Quotient = antilog 0.72569 = 5.3173 (Ans.).
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size they may be short or long. Then there are many types of
special graduations. The most common slide rule is the 10-inch
straight rule of the Mannheim type illustrated in Fig. 8. It
will be noted that this has four scales, two on the stock and two
on the slide. These we shall refer to as the A, B, C, and D scales
reading downward, and they are usually so stamped on the rules.

\
27 - ——
=
(%) ‘ Slide (¢)
Fia. 7.

Straight slide rules other than the Mannheim usually have scales
corresponding to these and differ only in that they have in addition
a number of other scales. At the extreme end of each scale is
the figure ““1.” At the left of the scale, this point is called the
left index; at the right is the right ¢ndex. A glass with a hair-
line stretching across the scales is attached to the rule in such a

Fig. 8. —Mannheim Slide Rule.

manner that it may be moved along the scale to any position.
This is called the indicator or runner and is a great aid in setting
and reading values.

It will be noted that on the two lower scales on the slide rul2
in Fig. 8 the numbers begin at the left with'1, 1, 2, 3, 4, etc.
These numbers represent 10, 11, 12, 13, 14, respectively, or
1.0, 1.1, 1.2, 1.3, 1.4, or 100, 110, 120, 130, 140. The extra “'1”
before the small numbers is omitted to save space. The space
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between each of these numbers is divided into ten spaces for the
next significant figure. To the right of this first series of figures
which terminate with “9” or “19” by the above representation,
the numbers continue 2, 3, 4, 5, ete. If the preceding “9” is
taken to represent ‘19"’ (not ““1.9” or “190”’) then these numbers
represent 20, 30, 40, 50, etc. The spaces between these numbers
are divided into ten spaces. These are again subdivided, some
into fifths, others into halves.

The operation of a slide rule cannot be mastered mthout a
rule at hand, and even then, considerable practice is required
to develop speed and accuracy. The following examples assume
that the reader has a slide rule before him with the conventional
A, B, C, and D scales found on the Mannheim and Polyphase rules.

C Set 1 R to 12
D To 28 Read 336
(a)
c Set 1 R to Multiplier
D To Multiplicand Read Product
(b)
Fia. 9.

How to Multiply with the Slide Rule.—Let us assume that
we wish to multiply 28 by 12. Move the slide to the right and
set. 1 (the index) of the C scale to 28 on the D scale. Then move
the runner to 12 on the C scale and read the product on the
D scale at this point. It is 336. These operations can be set
up in the form of a diagram as shown in Fig. 9a. From this
we can derive a general form for all multiplication as shown in
Fig. 9b. Expressed in words we may say multiplication is carried
out as follows:

(1) To Multiplicand on D set C index.

(2) To Multiplier on C set runner indicator.
(2) At indicator on D read Product.
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Let us take another example. Multiply 52 by 25. Proceeding
as in the previous example we find that by moving the slide to the
right, the multiplier (25) falls beyond the end of the D scale.
It is necessary then in this and all similar
eases that the slide be moved to the left C | Set?1 |Reww26
and the right index of the C scale set on D | ws2 Read 1309
the multiplicand. The answer on the D Fia. 10.
scale is then 1300.

By using the runner, R, it is possible to perform con-
tinued multiplication without having to read the intermediate
products.

ILLusTrATION: Multiply 12 X 8 X 18.

C Set 1 Rto 8 1toR Under 18
D to 12 . Read 1728
(Ans.)
Fia. 11.

Wit a ten-inch slide rule most numbers can be read directly
to only two significant figures and the third figure must be esti-
mated. Thus, if we multiply 854 by 537 we find in setting the
index to the multiplicand that there is no line which represents
854. There is one which represents 850 and another 855 and
it is necessary to set the index as closely as possible to a point
which is estimated by eye to be $ of the distance from the smaller
to the larger of these numbers. Similarly, the position to place
the runner to represent 537 must be

C | Set gﬁ'f Right"oc Lofe estimated by eye for the last figure. The
Dlovervi] oRide  product reads 459,000 (the last significant
figure being estimated). With practice

1 I Under 1 and careful operation the last place can
D| 7300 | Read 52(Ans)  be determined with remarkable accuracy.
Fro. 12. Division with the Slide Rule.—Divi-

sion is, of course, the reverse of multipli-
cation and it is to be expected that it is carried out on the slide
rule by performing the operations for multiplication in the reverse
order. This is the case. For example, let us divide 1300 by 25
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To dividend (1300) on the D scale set divisor (25) on the C scale.
Under 1 on the C scale read the quotient (52).

Another example, divide 1648 by 536. - To 1648 on the
D scale, set 536 on the C scale. Under the index on the C scale
read the quotient. This appears to be 3.075.

Calculations involving continued multiplication and division
can be performed on the slide rule without having to read the
intermediate results.

ILrusTrATION: Find the value of

150 X 72 X 10
8 X6
‘There are two methods:
C 8 R to 72 6to R Under 10
D | 150 Read 2250 (Ans.

C|SetT|Rto72| 1to R|Rto 70/ 8to R|Rto? | 6 to R|Under1
D | 150 Read 2250
(Ane

Fia. 13.

Locating Decimal Point in Slide Rule Multiplication and
Division.—The preceding examples have illustrated the manipu-
lation of the slide rule in arriving at products and quotients of
numbers without any mention of how the decimal point is located
in the result. We shall state briefly the rules governing this and
then illustrate by a few examples. First, a definition is necessary,
In the rules we shall use the word characteristic of a number,
which iz ‘not to be confused with the characteristic of a logarithm.
The characteristic of a number is the number of digits before the
decimal point, the characteristic of a decimal fraction is the numbey
of ciphers immediately after the decimal point and is negative.

RuLe I: When the slide progects to the right in multiplication

the characteristic of the product is one less than the sum of the
characteristics of the factors.
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Thus, in the first example of multiplication we found the
product of 28 and 12, the slide projecting to the right. The charac-
teristic of each of these numbers is 2, the sum is 4, one less than
the sum is 3, which is the characteristic of the product. Thus
the product has three figures to the left of the decimal point (336).

In another example, 23 X 0.415, the characteristics are 2 and
0, respectively, and the sum less 1 is2+ 0 — 1 = 1. Thus the
product (9.55) has one digit to the left of thc decimal point.

In still another example, 0.0328 X 0.0024, the characteristics
are —1 and —2, respectively. The sum less 1is -1 —2—1 =
—4. Then the product is 0.0000787 with four ciphers following
the decimal point.

These examples illustrate the cases which are apt to occur.

RuLke II. When the slide projects to the left in multiplication
the characteristic of the product equals the sum of the characteristics
of the factors.

This rule requires no illustration in view of the foregoing.

RuLe III: When the slide projects to the right in division
the characteristic of the quotient equals the characteristic of the
dividend manus that of the divisor, plus 1.

As an illustration, divide 6850 by 37.2. The characteristic of
the dividend is 4 and that of the divisor 2. Then, according to the
rule, 4 — 2 4+ 1 = 3 and the quotient has three digits to the left
of the decimal point—in this case 184.1.

As an illustration involving decimals, take the division of 47
by 0.024. The characteristic of the dividend is 2 and that of the
divisor —1. Then 2 — (—1) + 1 =+ 4 as the characteristic
of the quotient. The quotient is then 1957.

The division of one decimal by another is illustrated by the
following 0.0074 = 0.026. The characteristic of the dividend is
—2 and that of the divisor —1. Then, —2 — (—1) + 1 = 0 and
thus there are no digite to the left of the decimal point and no
ciphers to the right, the quotient being 0.2847.
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RuLe IV: When the slide projects to the left in division the
characteristic of the quotient equals the characleristic of the
dividend minus that of the divisor.

The four rules may be combined into the following chart for
ready reference:

Characteristic
of result Slide LEFT Slide RigHT
Multiplication Sum of Characteristics of 2 Factors | Sum —1
Division Characteristic of Dividend — that Difference + 3
of divisor

Squares, Cubes, and Roots.—The square of a number can, of
course, be computed with a slide rule by multiplying the number
by itself with the C and D scales. Likewise, the cube may be
determined by multiplying the square so found by the original
number. However, by the use of the 1) and A scales the square
of any number on the D scale can be found by simply moving the
runner to that number and reading the square on the A scale
at the cross-line on the runner. Thus 4 on the A scale is directly
opposite 2 on the D scale, 9 opposite 3, etc.

The following examples indicate how the slide rule can be used

. a
for evaluating such expressions as x2y and \/%

IrLusTrATION: Find the value of 62 X 5.

Read 180 (Ans.)

Set 1 (right) Over 5

gl | >

Over 6
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IrLusTrATION: Find the value of \/é.

Under 3

Set 4 Under 1 (right)

gl Q| W] >

Read 0.866 (Ans.)

The cube of a number is found by setting the runner on the
number on the D scale, then setting either the left or right index
of the B scale on the cross-line of the runner and r~eding the cube
on the A scale opposite the original number on the B scale. Thus,
the process consists of finding the square of the number and then
performing a multiplication on the A and B scales of the square
with the original number.

It will be noted that A and B scales have indexes not only at
the left and right ends but also one in the middle. If the left index
is taken as 1, the middle index is 10 and the right index is 100, or
if the left index is taken as 100, the middle index is 1000 and the
right index is 10,000. The left index may never be taken as 10 or
1000 because the square roots of these numbers are 3.16 and 31.6,
respectively, and this occurs on the D scale only at the middle.

Thus it becomes apparent that whenever the square root of a
number is to be found with the A and D seales it is very important
to decide whether this number should be selected on the left- or
the right-hand portions of the A scale. This is determined by
first pointing off the digits of the number whose square root is to
be found into groups of two’s, beginning at the decimal point, and
moving to the right. For example, 25,346 pointed off is 2,53,46."
The square root will have as many digits to the left of the decimai
point as there are groups. Decimal fractions are pointed off to the
right from the decimal point thusly: 0.02758 becomes .02,75,8.
The last group may have either one or two digits. Then if we
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call the left haif of the A scale Al and the right half A2, we may
write the )

RuLE: If the last group contains one figure; use A1 for finding
the square root, if it contains two use A2. In either case the
characteristic of the square root read on D equals the number of
groups in the given number.

As an illustration, take the first number cited above, 2,53,46.
This has one figure in the last group, so it is located on the left-
hand (A1) scale and the runner placed on it. The square read on
the D scale appears to be 159.1 and since there are three groups of
figures in the original number, the root has three digits to the left
of the decimal point. For decimal fractions we have the following.
RuLE: After pairing off the digits to the right of the decimal
point, at first disregard the groups immediately following the
point which contain only ciphers. If in the first group containing
other figures the first figure is a cipher, use Al. If the first
Jigure is not a cipher, use A2. In the root there is one cipher
tmmediately after the decimal point for each group consisting
wholly of ciphers in the given number.

As an example find the square root of the number 0.000625. Point-
ing off, .00,06,25. The first group containing significant figures
(06) has first a cipher so the Al scale is used. The square root
is 0.025. Since the first group in the original number has only
ciphers, the first digit of the root is a cipher.

By reversing the above rules we obtain a rule for locating the
decimal point when computing squares.

RuLk: If the square is on A1 the characteristic of the square is
1 less than 2 times that of the number, if on A2 it is twice that of the
number. This applies to both positive and negative characteristics.

References—The reader who is interested in a more comprehensive
treatment of arithmetic is referred to the book ARITHMETIC FOR THE
PracticaL Man, by Mr. J. E. Thompson, published by the D. Van
Nostrand Company. The same author has also written an excellent
book entitled A MaNvAL oF THE SuiDE RULE, which is also published by
the D. Van Nostrand Company.
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ALGEBRA

Algebraic Symbols.—Algebra is the shorthand of mathematics.
Letters and symbols take the place of cumbersome numbers, and
many of the ordinary operations of arithmetic take a simpler and
more compact form. In addition, algebra can be used to advan-
tage in some problems where arithmetical solution would be
extremely involved. In arithmetic the Greek letter « is used to
designate the number 3.14159+ and multiplication, division, ete.,
is performed with it. Similarly, the letters, a, b, ¢, . . . can be
used to represent certain quantities. The first letters of the
alphabet are usually used to represent known quantities and the
last letters, z, y, z, to represent unknown quantities.

The number of times that a single algebraic quantity is to be
taken is indicated by a number before the letter. This number is
called the coefficient. Thus, in 3b, the 3 is the coefficient and the
expression equivalent to b + b + b.

Signs of Algebra.—Whereas in arithmetic it is ccmmon to
deal only with positive numbers, both positive and negative
numbers are used in algebra and it thus becomes necessary to
employ symbols to indicate the sign of the quantity. Thus,+a,
+b, etc., denotes that the quantity is positive and —a, —b, etc.,
denotes that the quantity is negative. When no sign precedes a
number or quantity it is understood to be positive. Powers and
roots are indicated as in arithmetic. ‘

Parentheses.—When a number of quantities are enclosed in
parentheses with a positive sign before, the parentheses may be
removed without altering the expression. Thus, +(a -+ b)
becomes +a + b. However, if the sign before is negative, the
sign of each quantity must be changed when the parentheses are

93
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removed. Thus, —(a + b) becomes —a — b, and —(a —b)
becomes —a + b.

Addition of Algebraic Quantities.—A number of like algebraic
terms of like sign may be added by arranging in a column and
adding together the coefficients, the sum having the same sign as
the parts. Thus,

+ 7 —12¢
+ 3b and -- 4¢
+ 5b — 6¢
+15b —22¢

If some of the quantities are unlike in sign, proceed as before,
but regard the negative coefficients as being subtracted from the
positive. Thus,

+9a + 5b
+3a and + 4b
—4a —12b
+8a - 3b

When compound quantities (that is, quantities containing
more than one term, as 2a — 4b) are to be added, like terms must
be placed in the same column and then added as above. For
example, if 5a 4+ 14b + 10c, 2b — 6¢, 3a — 9¢ + 3z, and —12b —
11lec — z are to be added, the procedure is as follows:

5a + 14b + 10c
2b — 6c
3a — 9 + 3z
- 120 — 1lc — =z

8a + 4b — 16¢ + 2z (Ans.)

Subtraction of Algebraic Quantities.—To subtract algebraie
quantities, change the sign of the number to be subtracted and then
combine the two numbers as in addition.
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Example: Subtract 6z from 15z.

15z changing the sign of 6z makes it
6z —6z. Adding 15z and —6z gives
"5; Oz. )

Example: Subtract 6z from — 152.

—15z changing the sign of 6z makes it
6z —6z. Adding —15z and —6z gives
—21z. '
—21x

Example: From 7z — 3y take 5 z+ 12y.

7z — 3y write like terms under each other

5z + 12y  and proceed with each pair of like
terms as explained above.

2z — 15y

Multiplication of Simple Quantities.—The parts of an algebraic
expression separated by plus and minus signs are called terms. An
expression consisting of one term is known as monomial, one of two
terms, a binomial, one of three terms, a trinomial, and one of many
terms a polynomial.

If two quantities to be multiplied have like signs, the sign of
the product is plus; if they have unlike signs, that of the product
is minus. Thus, +a multiplied by -+b is +-ab (the multiplicafion
sign (X) is usually omitted between letters of a term in algebra),
—a multiplied by —b is 4-ab, but —a multiplied by +b is —ab.

When multiplying monomial expressions, multiply the coeffi-
cients together and prefix the product by the proper sign as out-
lined above. Examples:

Multiply —a —b. Product equals +ab.

Multiply -+4bby —ec. Product equals —4be.

Multiply +46bby +3c.  Product equals +18bc.

Multiply —4az by +5ab. Product equels —20aabzr = — 20a2bz
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Multiplication of Compound Quantities.—To multiply one
polynomial by another, it is necessary to multiply each term of
the multiplicand by all of the terms of the multiplier one after the
other as by the former rule. The products are then collected into
one sum for the required product.

Example: Multiply 3z — 2y by = + 4y.

Solution: 3z — 2y.

z + 4y
322 — 2zy
+ 12y — 8y?
322 4 10zy — 8y? (Ans.)
Example: Multiply z —y +zbyz +y — 2.

Solution: z — y 4z

T + y—=z
22— zy + x2
+xy ¥+
—r2z + yz— 22
x2 — 42 + 2yz — 22 (Ans.)

Division of Monomials.—One monomial is divided by another
by simply writing the dividend over the divisor as a fraction and
cancelling out common factors as in arithmetic. Thus,

2 3
Wax 9% 3
120z + 6a = — = 9 2 2
z + 6a 5 z, and =

Since z2 = £ X z and 4 = y X y X y, powers may be factored
and the common factors cancelled. Then,

2
?ﬁmaybewrittenxxarxyxgxy Xy=

zy? 22Xy Xy

zy?
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It is evident from this example that the same result can be arrived
at by subtracting the exponent of the smaller number from the
exponent of the larger. Thus,
;_;%_ = z@-Dy-2 = zyz
This is the method aétually used in dividing monomials higher
than the first power.
o 4a%% 43 e® 1 3ab%x
Txamples: T " e @ ab bl
Division of Polynomials.—A polynomial may be divided by a
monomial by dividing each term of the polynomial by the monom-
ial. Thus, 2a2:c3 + 3az? + 5z divided by axr may be written

2 2
i + ia_r_ + —. Cancelling out like terms, the quotient

becomes 2az2 + 3z + 2‘

To divide a polynomial by a polynomial, arrange both the
dividend and divisor according to the ascending or descending
powers of some letter and keep this arrangement throughout the
operation. Divide the first term of the dividend by the first term
of the divisor, and write the result as the first term of the quotient.

Multiply all the terms of the divisor by the first term of the
quotient and subtract the product from the dividend. If there is a
remainder, consider it as a new dividend and proceed as before.

Example: Divide 223 + 422y — 2y — 2y2 by = + 2y
Solution: These expressions are already arranged according
to descending powers of z. Then,
z+2) 24 +4% —1y —2° | 222 —y (Ams)
—+%° —+ 4% '
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Multiply z + 2y by 22 and obtain +223 + 4z2y, which is to
be subtracted from 23 + 4z2y in the dividend. Changing the
signs of 223 + 4x2y so that this term becomes —2x® — 4% proceed
as in addition. Then multiply = + 2y by — y and obtain — zy
— 2y2 which is to be subtracted from —zy — 2y2. Changing the
signs so that this term becomes + zy + 2y?2 proceed as in addition.

If the division is not exact and there is a remainder after the
last operation has been performed, write the divisor beneath it
to form a fraction and write this fraction as the last term of the
quotient.

Example: Divide 422y — 3zy + 6y2 by 22 — y.
Solution:

3ry + 10
— ey — 3oy + 62y + ot I (an)
4z2%y — 4y
— 3xy + 10y?

Factoring.—When a number is the product of two other num-
bers, the component - parts are known as factors. Thus, in the
expression 3a2, 3, a, and a, are the factors. Separating a number
into its factors is called factoring.

Factoring is useful in solving equations, as will be discussed
later, and also in simplifying complicated expressions. The
operation of removing a monomial factor consists of scrutinizing
each term of an expression with a view to determining common
factors and then dividing each term by the common factor and
placing it before the parentheses which contain the several
quotients.

Example: Factor 124322 + 33a%z? — 18a2® + 9azx.

Solution: Inspection reveuls that a factor common to each
term is 3ax. Then, dividing each term by 3az, the expression
becomes, 3az(4a%z + 1laz — 622 + 3).

" It is often the case that no single factor can be found common
to all the terms of an expression. . Then the terms must be
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examined and compared with a view to grouping them and
removing factors common to the group. Thus, in the expression
322 + 9bx + 24xy + 4ax + 12ab + 32ay, there is no factor com-
mon to all terms, but a further examinagion shows that the first
three terms have the common factor 3z and the last three terms
the common factor 4a. Removing these factors from the respec-
tive terms, the expression becomes,

3z(z + 3b + 8y) + 4a(z + 3b + 8y)
which may then be consolidated to,
(3z + 4a)(z + 3b + 8y)

Certain trinomials which are the product of two binomials
lend themselves to ready recognition and factoring. Examples
of such trinomials are, (zx + 5)(z + 2) = 22 + 7z + 10;
(z—=3)(z+6) =22+3z — 18;(z + y)(z +y) = 2* + 2zy + ¥
and (zx — y)(x — y) = 2% — 2zy + ¥

The first of these trinomials, 22 4+ 7x + 10, could be written
z? + 5r + 2z + 10 and the first two and the last two groups
factored as, z(x + 5) + 2(z + 5) = (x + 2)(x + 5). Further
examination of this example leads to the observation that the
coefficient of the middle term of the trinomial is the sum of the
last terms (2 + 5 = 7) of the factors, and the last term of the
trinomial is the product of these last terms (2 X 5 = 10). This is
the key to the factoring of factorable expressions of this type.
Thus:
2?24+2x—-8=(@x+4)(@x—2)
224+2—20=(z+5)(z—4)
2 +3y+ 27 =@+ Y+ 2)

A ready recognition of a few other special forms is also valuable
These are,

224+ 2y+yl=+ye+y = (+y)?
=22y + =@ —y)x—y) =@-—y?
F—yP=+yk -y
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Powers and Exponents.—When a quantity is multiplied by
itself several times, the resulting product is called a power and the
quantity itself is called the roof. Thus, in az X ez X ax X az =
a*z4, az is the root and a%x? is the power. A small number called
the exponent is used to indicate how many times a number has
been multiplied by itself.

The sign of the product of two positive numbers is plus
(+a X+ a = 4 a?) and the sign of the product of two negative
numbers is aiso plus (—a X — a =+ a?), but the product of a
positive and a negative number is minus (+a¢ X— a =— a?).
If, then, we raise a negative number to an odd power, for example
to the third, as in —a X — a X — a it is evident that the first
product of —a X — a results in a positive number and then
when this is multiplied again by —a the product becomes nega-
tive. Hence, we derive the rule that the sign of an even power
of a negative number is positive and the sign of an odd power
of a negative number is negative. FExamples: (—a)? =+ a?;
(—a)® =— a3; (—a)* =+ a*; (—a)® =— a5 etec. The sign of
any power of a positive number is, of course, plus.

The product of two or more powers of any quantity is the
quantity with an exponent equal to the sum of the exponents
of the powers. Examples: 2 X 2% = z%;, 2% X zy = 23y
4xy X (—3xz) =— 12222,

In a similar manner, the quotient of two powers is the diff-
erence of their exponents. Thus, z6+ z% = z5-3 = 22, and

62t
6zt + 228 = Py i 3z. Then it is apparent that if the exponent

of the divisor is greater than the exponent of the dividend, the

exponent of the quotient becomes a negative number. Thus,
2 1

2+ 28 =223=2"1 or e z~1. In other words, if a

power appears in the denominator with a positive exponent it may
be shifted to the numerator by changing the sign of the exponent, as

2;‘? = 2abz 3, The law holds equally true for the reverse operation
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If we divide one power by an equal power we have this inter-
3
esting situation 23 <+ 23 = z3-3 = 20, But % =1, Thenz"=1

and the general rule may be stated, that any quantity raised to
the zero power is equal to 1.

When a quantity with an exponent is raised to a power, the
exponent of the resulting quantity is the product of the exponent
of the original quantity and the exponent of the power to which it
was raised. This can be well understood from the following
illustrations:

(228 = 22 X 22 X 22 = 25; (%)% = ¢ X ¢ = ¢'°.

The square of the sum of two quantities is the sum of their
squares plus twice their product. Thus,

@+ y)? =22+ 9%+ 2zy; Bz + 4y)? = 922 4 1692 + 24xy.

The square of the difference of two quantities is the sum of
their squares minus twice their product. Thus,

(x—y)? =22+ y? — 2zy; (2z — 5y)® = 42® + 25y% — 20zy.

The square of a trinomial is equal to the sum of the squares
of each term plus twice the product of each term by each of the
other terms. Examples:

+y+2)?2=22+y>+ 22 + 2zy + 222 + 2y2
—y—2)2=224y%+4 22 — 22y — 222+ 2y2

Roots.—The opposite operation to finding the power of an
expression is called finding or extracting a root. The symbol used
is the radical sign the same as in arithmetic, 4/, with a small
number called the root index, v/, to indicate the number of times
the root is contained as a factor in the power. When no index
number is shown in the hook of the radical sign, the square root is
intended.

The root of a product is equal to the product of the roots of the

factors. Thus, V144 = VO X 16 = V9 X V16 = 3 X 4 = 12,
Vaz =\/5X\/§, and Va? = Va? X Vb = ¢ Vb. How-
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ever, the root of the sum of several terms is not the sum of the roots
of the individual terms. Thus, Vz +y is not Vz+ Vy.
A polynomial expression under a radical sign must be treated as a
whole unless it can be simplified.

In the preceding section it was shown that when a quantity
with an exponent is raised to a power the exponent of the resulting
quantity is the product of the exponent of the original quantity
and the exponent to which it was raised, as (a3)® = a8, Then,
if we give a quantity a fractional exponent, for example }, and
square the quantity we get this interesting result: (2 =zt = 2.
But (V'z)? also equals z: Then V'z = z} and the exponent } is
another way of indicating square root. Similarly, it can be shown
that z} = \7;, zt = \‘/;, ete.

If we multiply, for example, z} by z} we obtain 23 X 2} = (z3)2
= z§. Expressed in words this is, ‘“ the cube root of the square
of z” and can be written V'z2. Other fractional exponents can
be similarly expressed, as o = Va3, b} = Vb3,

In the preceding section it was shown that while the square of
a positive number is positive, the square of a negative number is
also positive. Then, if we are confronted with a positive power,
as 25, it is impossible to tell whether its square root is positive or
negative. Therefore, when the square root of a number has been
found, it is necessary to precede it by a plus or minus sign. Thus,
V25 =+ 5, and V2 =+ 2 It was also found that the odd
power of a negative number was negative. Then the odd root of
a negative number is negative, as V=8 = 2, V=243 = -3,
The odd root of a positive number is always positive, but the even
root of a positive number may be either negative or positive.

The even root of a negative number cannot be determined and
is said to be an ¢maginary number. Thus, the square root of —25
does not exist. Such expressions do, however, sometimes occur
and then for the sake of simplicity may be treated as follows:
V-2=V2X(-1)=V2XV—=1=5V_1=5 The
letter ¢ is a symbol used to designate V=1,
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Simple Equations.—If one algebraic expression is equal in
value to another, the two, if written with an equality sign between
them, constitute an algebraic equation, as a + b = ¢ + d.

Both sides of an equation may be changed equally by addition,
subtraction, multiplication, or division without disturbing the
equality. To illustrate, if

a+b=c+d .
then a+b+ax=c+d+z,
a+b—z=c+d-az
z(a + d) = z(c + d)
atb_c+d
z oz
Thus, if we have the equation, z + 3y = 10, and want to know the
value of z, it is only necessary to subtract 3y from both sides of the

equation. Then 243y —3y =10 — 3y
z=10— 3y

From this it is apparent that any term of an equation may be
changed from one side to the other provided its sign is moved.
This is called transposition.

Solution of Simple Equations.—When the value of an unknown
symbol in an equation is determined, the equation is said to be
solved. Equations containing only one unknown quantity may
be solved as follows: Transpose all the terms containing the
unknown quantity to the left side of the equation, and all the
other terms to the right side. Combine like terms, and divide both
sides of the equation by the coefficient of the unknown quantity.

and

ILLUSTRA';IONS:
9r —18=12—-6 + 3z
9z — 3z = 12 — 6 4 18 (transposing)

6 = 24 (collecting terms)
% = ?sé = (dividing by coefficient)

r=4
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3y+4=28y+36

3y — 8y =36 — 4 (transposing)
—5y = 32 (collecting terms)
- {’5?_ = 32 (dividing by coefficient)
y=- 6% (changing signs of both sides)

332 —14 =8+ 32
31z—3:=8+14

3z =22
b2
3 3
22 2
z=—%-=22xi=44

Solution of Simultaneous Simple Equations.—If an equation
contains two unknown quantities, an indefinite number of pairs of
values for them may be found, which will satisfy the equation.
For example, in the equation, z + y = 12, when z is 4, y is 8;
when z is 9, y is 3; when z is 16, y is —4; etc. However, if a
second equation containing the same unknowns is given, a single
pair of values may be found which will satisfy both equations.
Equations solved for common values of their unknowns are called
simultaneous equations,

The process of solving two simultaneous equations of two
unknowns is to eliminate temporarily one of the unknowns by
combining the two equations into one equation containing the
other anknown only. One method of doing this is elimination by
addition or subtraction. This proceeds as follows: Multiply the
equations by such a number as will make the coefficients of one
of the unknown quantities equal in both. Add or subtract the
two equations according to whether the unknown quantities of
equal coefficients have unlike or like signs. Solve the resulting
equation of the remaining unknown in the regular manner and
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substitute the value found in one of the original equations to
determine the value of the second unknown.
ILLusTRATION: Find the values of z and y in the simultaneous
equations 32— 2= 3 0
' 4z 4y = 20
Multiply 1st by 4 327 — 8y = 120
Multiply 2nd by 3 ¥z + 12y = 60

— 20y = 60
y=-3
Substituting value of y in first equation
3z + 6 =30
3z.= 24
z=38

Substituting the values found, x = 8, y = — 3 in the other original
equation to check results, '
4X8+4(-3)=20
32 —-12 = 20
20 =20
Another method is elimination by comparison. From each
equation obtain the value of one of the unknown quantities in
terms of the other. Form an equation from these equal values of
the same unknown quantity and reduce and solve in the regular
manner and substitute the value found in one of the original equa-
tions to determine the value of the second unknown.

ILLusTRATION: Find the values of z and y in the simultaneous

equations 2% +3y =7 (1)
4z — 5y =3 (2)
7 —
"From (1) r=— 3y
3 + by

From (2) z =
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Equating these, ? ;31/ =3 -|;5y

Multiplying by 4, 14 — 6y =3+ 5y

. 11y =11
y=1

Substituting in one of the original equations:
224+ @B3X1) =17
2z = 4
=2

The answer is, x = 2, ¥ = 1, and may be checked by substituting

these values in the two original equations.

A third method is elimination by substitution. From one of the
original equations obtain the value of one of the unknown quan-
tities in terms of the other. Substitute this value of this unknown
quantity for it in the other equation and reduce the resulting

equations.
ILLusTRATION: Find the values of x and y in the simultaneous
equations 4z — 6y =28 (1)
2% — 8y =24 (2
28
From (1) 2= 21
Substituting this value in (2)
2
2 X -8—1-—% —8y= 24
144+3y—8 = 24
—by= 10
y=-—2
Substituting this value in (1)
4z + 12 =28
4z = 16
z=4

The answeris, z = 4,y =— 2,
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The. solution of equations containing three unknowns requires
three simultaneous equations. Essentially the same methods may
be applied as for the solution of two simultaneous equations. One
of the unknown quantities must be ehmma.ted between two
pairs of the equations, then a second between the two resultmg
equations.

Quadratic Equatlons —Equations containing the square or
the second power of the unknown quantity but no higher power
are called quadratic equations. A pure quadratic contains only
the square; an affected or complete quadratic contains both the
square and the first power. The equation 2522 + 18 = 322 — 8
is a pure quadratic; 50z2 — 5z = 125 is a complete or affected
quadratic.

Solution of Pure Quadratic Equations.—To solve a pure
quadratic collect the unknown quantities on the left side and the
known quantities on the right side; divide by the coefficient of the
unknown quantity and extract the square root of each side of the
resulting equation. Examples:

Solve 622 — 222 = 64
472 = 64 (Combining terms)
22 = 16 (Dividing by coefficient)
z = £ 4 (Extracting square root)

Solve 512 —55 =0

522 = 55
2 =11
r=4+VI1l1

The root which is indicated, but can only be found approxi-
mately, is called a surd.

Solve 822464 =0
8x2= 64
=—8
z =\/-8
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The square root of a negative number cannot be found even
approximately and the root which is indicated is called imaginary.

Solution of Affected or Complete Quadratics.—Several methods
of solution are applicable to complete quadratics. We shall con-
sider first equations which may be solved by factoring. All of the
terms are first transposed to the left-hand side leaving zero on the
right and we obtain an equation of this type.

224+ 82+ 15=0
By the process previously described, the middle term may be
separated into the sum of two terms. We then have

224+ 3z+52+15=0
then grouping (z2+3z) + bz + 15) = 0
and factoring 2z +3)+5&+3)=0

(z+5+3) =0

Any number multiplied by zero is equal to zero. Then in order

for the product of these two factors to equal zero, either (z + 5)
or (z + 3) or both must equal zero.

Ifz4+5=0,thenz=—5
Ifz+4+3=0,thenz =—3

If we substitute £ = — 5 into the original equation we obtain
- (=5)2+8(=5)+15=0
25 — 40 4+ 15 =0

Similarly, if we substitute z = — 3,
(=32 +8(-3)+15=0
9-24+15 =0

Thus, there are two solutions to the equation since either
z =— b or z =— 3 satisfy it.

All complete quadratics may be solved by the method of
completing the square. First transpose all of the terms containing
the unknown to the left-hand side of the equation and the known
quantities to the right-hand side. Arrange the unknown quan-
tities in the order of their exponents and change signs, if necessary,
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so that the term containing the square will be positive. Divide
all terms by the coefficient of the square of the unknown quantity.
Complete the square by adding to both sides of the equation the
square of half the coefficient of the first power of the unknown.
The left-hand side will then be a perfect square. Extract the
square root of both sides of the equation and solve the resulting
simple equation. Examples:

Solve 222+ 4z — 70 = 0.

222+ 42 =170 (Transposition)
22+ 2z = 35 (Dividing by coefficient of x2)
22422+ 1=354+1 (Adding square of  coefficient of z)
(z+1)2 =36
z4+1==+6 (Extracting square root)
r=—1x6

z=—1
or x =+ 5} (Ans.)

Here again we find that the equation has two solutions. Both
solutions may be correct. Moreover, in some practical problems
one answer may be correct and the other inconsistent with the
conditions of the problem.

Example: A park which is in the form of a right triangle
has one side twenty-five feet longer than the other. If the area
is 625 square feet, find the length of the sides.

Let r = shorter side f X+25 i
z + 25 = longer side ||

z(r + 25)
— =

I A=625 Sq. Ft.
X
22 + 25z = 1250 l
2? + 25z — 1250 = 0
(z +50)(x — 25) =0 Fia. 1.
' z =—>50ft., z + 25 = — 25 ft.
z = 25 ft., z + 25 = 50 ft.

625
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The —50 and —25 do not satisfy the conditions of the problem
and therefore should be neglected.

A third method of solution is by the use of the quadratic
formula. The terms of a complete quadratic equation when
collected on one side of the equality sign constitute a trinomial
consisting of one term with the unknown to the second power,
one term with the unknown to the first power, and the third term
of known quantities. This may be written in the general form

ax2+bzx+c¢c=0

The coefficients a and b and the term ¢ may be numerical or literal
numbers, positive or negative, monomials or polynomials. The
roots of this equation by the quadratic formula are

_ b+ Vb —dac
= 2a
—b — Vb2 - dac
z=
2a

Examples:
Solve 22243y +1=0.
po 3+ VE2-4x2x1

2X2
_—3+V9—8_—3+1__%
= : - =
_=3-V(3?-4x2X1
v= 2 X 2
-3-V9-8 -—3-1

The roots of the equation are, z =— %, z = — 1, both rea) und
rational numbers.
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Solve 322+ 5y —4 = 0.
~5+V25+48 -5+ V73

6 6
—5 + 8.544 .
_ThAssMt  3sM
-6 6
o TOm V448 =5 VT
6 - 6
—5-8544+ —13.
_ -5 225 + 1:;544=_2‘257+

In this example the roots are real, but since (b — 4ac) is not a
perfect square, they are not rational, that is, they terminate in
rever-ending decimals.
Solve —422+4x—8 =0.
—224+ r—-2=0
22—2+2=0
L1t Vi-8 1+V7

2 2
1-Vi-8 1-V-7

2 2

x

In this example (b2 — 4ac) is less than zero (negative) and since
the square root of a negative number is an imaginary, the roots of
the equation are imaginary.

Reference.—~ALGEBRA FOR THE PRACTICAL MAN, by Mr. J. E. Thomp-
son (D. Van Nostrand Company), covers the subjects dealt with above,
as well as many others, with a simplicity particularly suited for home study,
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GEOMETRY

Geometry is the science which treats of the properties of lines,
angles, surfaces, and solids. It is based on a number of theorems
and constructions for which formal proofs have been developed.
These proofs are of little concern to the
practical man. Hence, this section will present
the most important definitions and conclusions
without proofs, and then pass on to mensura-
tion or the measurement of lines, areas and
volumes, which is of great practical value to
everyone, and then to geometrical construc-
tion which is very useful to the man in the

Fia. 1. shop and at the drafting table.
Definitions.—A point indicates position but
has no magnitude, nor dimensions; neither length, bréadth, nor
thickness.
A line has length but no breadth or thickness It may be

I

Right Angle Acute Angle Obtuse Angle
Fia. 2. Fia. 3. Fia. 4.

straight, curved, or wixed. A straight linz is the shortest dis-
tance between two points. A curve continually changes its
direction between its extreme points. When a line is mentioned
simply, it means a straight line,

112
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A surface has length and breadth but no thickness, It may
be either plane or curved.

A solid or body is a figure of three dimensions, namely, length
breadth, and depth or thickness.

An angle is formed by the intersection of two lines. The
point of intersection is called the vertex.

A right angle is formed when one of the lines is perpendicular
to or makes an angle of 90 degrees with the other line. An acute
angle is less than a right angle. An obtuse angle is greater than
a right angle. Acute and obtuse angles are also said to be obligue.

A plane is that with which a straight line may every way
coincide, or, if the line touches the plane at two points, it will
touch it at every point.

Equ:/ateral or
E lar Triangle nght-Angled Triangle Acute Triangle

Fia. 5. Fia. 6. Fia. 7. FiG6. 7a.

Plane figures are bounded either by straight lines or curves.
Plane figures that are bounded by straight lines have names
according to their number of sides or of their
angles, for they have as many sides as angles,
the least number being three.

A plane figure bounded by three sides is
called a triangle.

An equilateral triangle has three sides “S” N Base
equal. Its three angles are also equal and A Angle A =Angle B &
each has a value of 60 degrees. Fia. 8.

An 7sosceles triangle has two equal sides,
called its legs. The angles between each leg of the isosceles
triangle and the third side are called the base angles and are
equal.

[
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A scalgne triangle has no sides equal.

A right-angled triangle has two sides perpendicular to each
other making the angle between them a right angle or 90 degrees.
The side opposite the right angle is called the hypotenuse, the other
two sides are called the legs. The square of the length of the
hypotenuse is equal to the sum of the squares of the lengths of
the legs, or in Fig. 7, ¢ = a2 + b2

All triangles other than right-angled triangles are oblique-
angled and are obluse-angled if they have one obtuse angle and
acute-angled if all three angles are acute.

A figure of four sides and angles is called a gquadrangle or
quadrilateral.

A parallelogram is a quadrilateral which has both of its pairs
of opposite sides parallel, and it takes the following particular
names: rectangle, square, rhomboid, and rhombus.

A rectangle is a parallelogram, having

Fia. 9.
! right angles.
Fia. 10. A square is an equilateral rectangle, hav-
ing its length and breadth equal.
A rhomboid is an oblique-angled paral-

Fia. 11.
, lelogram.

A rhombus is an equilateral rhomboid,
Fia. 12.  having all its sides equal but its angles

oblique.
Fi A trapezoid is a quadrilateral which has
Ga. 13 . . .
only one pair of opposite sides parallel.
F A trapezium is a quadrilateral which has
1a. 14. A .
, no opposite sides parallel.
Fre. 15 A diagonal is a line joining any two op-

2 b Do QU

posite angles of a quadrilateral.
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Plane figures having more than four sides are, in general,
called polygons and they receive their names according to their
number of sides or angles. Thus, a penfagon is a palygon of
five sides; a hezagon of six sides; a heptagon, seven; an octagon,
eight; a nonagon, nine; a decagon, ten, etc. A regular polygon
has all its sides equal and all its angles equal.

A circle is a plane figure bounded by a curved line called the
circumference or periphery which is everywhere equidistant from
a certain point within called its center (point ¢ in Fig. 16).

The radius of a circle is a line drawn from the center to the
circumference (¢f in Fig. 16).

The diameter of a circle is a line drawn through the center and
terminating at the circumference on both sides (ecd in Fig. 16).
It is equal to twice the radius.

An arc of a circle is any part of the circumference (as ab or bd
in Fig. 16).

A chord is a straight line joining the extremities of an arc
(ab in Fig. 16).

A segment is any part of a circle bounded by an arc and its
chord (as shaded area between a and b, Fig. 16).

A sector is any part of a circle bounded by an arc and two
radii drawn to its extremities (as shaded area between cd, ¢f, and
fd, Fig. 16).

A semicircle is half the circle, or a seg-
ment cut off by a diameter. The half cir-
cumference is sometimes called the semi-

¢ircumference.
Height
M
Circle ~ Base
Fia. 16. Fia. 17.

The height or altitude of a figure is a perpendicular let fall frbm
an angle or its vertex, to the opposite side, called the base.
Geometrical Propositions.—A great many of the practical
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problems in this book are based upon the following geometrical
propositions:

If a triangle is equilateral, it is equiangular, and vice versa.

If a straight line from the vertex of an isosceles triangle bisects
the base it bisects the vertical angle and is perpendicular to the base.

The sum of the three angles in a triangle always equals 180
degrees.

If two triangles are mutually equiangular, they are similar and
their corresponding sides are proportional.

In every triangle, that angle is greater which is opposite a longer
side. In every triangle, that side is greater which is opposite a
greater angle.

In every triangle, the sum of the lengths of two sides is always
greater than the length of the third side.

In a right triangle the square on the hypotenuse is equal to the
sum of the squares on the other two sides.

The areas of triangles having equal base and equal height are
equal.

If a triangle is inscribed in a semicircle, it is right-angled.

In a quadrilateral, the sum of the interior angles equals four
right angles or 360 degrees.

In a parallelogram, the opposite sides are equal; the opposite
angles are equal; it is bisected by its diagonal and its diagonals
bisect each other.

The areas of two parallelograms which have equal base and
height are equal.

If the diameter of a circle is at right angles to a chord, then it
bisects or divides the chord into two equal parts. If two chords
intersect each other in a circle, the rectangle of the segments of the
one equals the rectangle of the segments of the other.

If an angle is formed by a tangent of any chord, it is measured
by one-half of the arc intercepted by the chord; that is, it is equal
to half the angle at the center subtended by the chord.

If two circles are tangent to each other, then the straight line
which passes through the centers of the two circles must also pass
through the point of tangency.
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The length of circular arcs of the same circle are proportional
to the corresponding angles at the center.

The circumference of two circles are proportional to their
radii. . '

The areas of two circles are proportional to the squares of
their radii. )

Mensuration.—This subject deals with the finding of lengths,
areas, and volumes, of lines, surfaces, and solids, respectively.
We need a few more definitions of solids before proceeding.

A prism is a solid of which the sides are parallelograms and the
ends equal, similar, and parallel plane figures. The figure of the
ends gives the name to the prism; if the ends are triangular, the
prism is triangular, ete. If the sides and ends of & prism be all
equal squares, the prism is called a cube; and if the base or ends
be parallelograms, the prism is called a parallelopiped. The
cylinder is a round prism having circular ends. A right prism
has its axis perpendicular to the base.

The pyramid has any plane figure for its base, and its sides
triangles of which all the vertices meet in a point at the top called
the vertex of the pyramid. A right pyramid has its axis perpen-
dicular to the base.

A cone is a solid figure having a circle for its base and ter-
minated in a vertex.

A sphere or globe is a solid bounded by one continued curved
surface, every point of which is equally distant from a point
within the sphere called the center.

The azis of a solid is a straight line drawn through the solid,
from the middle of one end to the middle of the opposite.

The height of a solid is a line drawn from the vertex perpendicu-
lar to the base or the plane on which the base rests.

The segment of a solid is a part cut off by a plane, parallel to
the base; and the frustum is the part remaining after the segment
is cut off. _

Properties of the Circle.—The circumference of a circle is
divided into 360 equal parts, called degrees; each degree into
60 minutes, each minute into 60 seconds. Hence a semicircle
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contains 180 degrees, and a quarter of a circle, or a quadrant,

90 degrees.

The ratio of the length of the circumference of a circle to its
diameter is a constant and has the value, 3.14159265+4. For
nearly all practical computations, this number is shortened to
3.1416. This ratio is called p¢ and is represented by the Greek
letter =. If we let D represent the diameter of a circle and r the

radius, then we may write
 circumference = = X D = 3.1416D
0!
& circumference = w X 2r = 2 X 3.1416r

IrLusTraTION: What is the circumference of a circle whose

radius is 6 inches?
circumference = m X 2r = 2 X 6 X 3.1416 = 37.7 in. (Ans.)

The area of a circle is equal to i7#D? or =r2.

TLLusTRATION: What is the area of a circle whose diameter
is 5 inches?

area = irD? = } X 3.1416 X 25 = 19.6 sq.in.

ILLusTrRATION: What is the area of a circle whose radius is

% inch?
area = m X r¢ = 3.1416 X g = 0.049 sq.in. (Ans.)

To find the area of a sector when (I) the length of the are is

known, and (II) when the angle of the sector is known:

CaseE I. Multiply the length of the arc by } the radius.
Then, when A = area, [ = length of
arc, and r = radius,
rl
>

InvusTRATION: The length of arc
of a sector is 40 feet on a circle whose

diameter is 300 feet. What is the area
Fia. 18. of the sector?
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rl 150 X 40
2 2

Casg II. The area of a sector of a circle is to the area of the
whole circle as the number of degrees in the arc of the sector is to
360 degrees. Then if ¢ = angle of sector, and area of circle = #r2,

A _¢ ,_9®
2 360’ 360

ILLusTrRATION: What is the area of a 60-degree sector of a

circle whose diameter is 12 inches? :

A== B 6 xExE=

360" 36p
6 X 3.1416 = 18.85sq.in. (Ans.)

The area of a segment of a circle in terms of its height, &, length
of are, [, length of chord, ¢, and radius of circle, r, is

A = i§r(l — o) + k]

A>Wﬂ\t a b
<

™ Base Cc
Fia. 19. Fia. 20.

A= = 3000 sq.ft. (Ans.)

;| wr?

Properties of Triangles.—The area of any triangle is one half
the product of the base and the height

Area = }(base X height)

ILLusTRATION: What is the area of a triangular lot whose
base is 40 feet and whose height is 48 feet?

A = 3(b X h) = $(40 X 48) = 960 sq.ft. (Ans.)

The area of a right triangle is one-half of the product of the
two legs.
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The area of any triangle whose three sides are known can be
found by subtracting from one-half the sum of the three sides
each side severally, then extracting the square root of the product
of the three remainders and the half-sum of the sides. Thus when

s=3%a+b+0
Area = Vs(s — a)(s — b)(s — ¢)

ILLusTRATION: What is the area of a triangle whose sides
are 5, 7, and 8 inches long?

,_atbdte 54+7+8

2 2 10

A = V'10(10 — 5)(10 — 7)(10 — 8)
=VI10X5X3X2=V300 = 17.32sq.in. (Ans.)

4 a
h
//i [/ 1\

Fia. 21. Fia. 22.

Properties of Quadrilaterals.—The area of any parallelogram
is the product of the altitude and the base. 4 = b X h.

ILLusTRATION: What is the area of a rhomboid whose base
is 8 inches and whose height is 3} inches?

A=bXh=8X3}=28sqin. (Ans)

ILLUSTRATION: What is the area of a square whose side is
q
4% inches?

A =DbXh=4} X 4} = 18.0625 sq.in. (Ans.)

The area of a trapezoid is the product of one-half the sum
of the two parallel sides and the height. 4 = 4(a 4+ b) X h.
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The area of a trapezium can only be found by drawing the tra-
pezium to scale and then drawing a diagonal the length of which is
measured by the same scale and then solving for the separate areas
of the two resulting triangles by

A= V88 — a)(S — b)(S — ¢

Areas of Regular Polygons.—The areas of regular polygons
may readily be calculated with the use of Table 1. The
area is equal to the product of the square of the length of
one side and the corresponding factor in the third column of the
table.

TABLE 1

No. of Name of
Sides Polygon Factor (F)
3 Triangle 0.4330127
4 Tetragon 1.0000000
5 Pentagon 1.7204774
6 Hexagon 2.5980762
7 Heptagon 3.6339124
8 Octagon 4.8284271
9 Nonagon 6.1818242
10 Decagon 7.6942088
11 Undecagon 9.3656405
12 Dodecagon 11.1961524

InvusTRATION: What is the area of a regular octagon the
length of whose side is 6 inches?

A= XF=062XX6X4828 = 173.81 sq. in. (Ans.)
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Properties of Prisms and Cylinders.—The wvolume of any
prism or cylinder is the product of the area of the base and the
altitude. .

The volume of a circular cylinder is then, V = =r2h, when h
is the altitude and r the radius of the base.

ILLusTRATION: What is the volume of an oil drum 20 inches
in diameter and 30 inches high?

V = ar?h = 7102 X 30 = 3000 X 3.1418 = 9,425 cu. in. (Ans.)

Ny

Fia. 23.

Altitude

ILLusTRATION: What is the volume of a prism whose height
is 12 inches and whose base is a right triangle with legs 5 inches
and 8 inches long?

Area of base = 3 X 5 X8 =20sq. in. Volume =4 X h =
20 X 12 = 240 cu. in. (Ans.)

The surface area of a right prism or cylinder is the product of
the height and the perimeter of a base plus the area of the two
bases. The surface area of a cylinder is then, A = 2xrh + 2772 =

2xr(h + r) or #Dh + 47D? = rD(h +§)

ILLusTrRATION: What is the surface area of pole 12 inches in
diameter and 9 feet long?

4 =u-D(h+§)=1r><1 X9 +3
=9.5 X 3.1416 = 29.8 sq. ft. (Ans.)
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IrLusTRATION: What is the surface area of a hexagonal bar
1 inch on the side and 8 inches long?

Area of end = 82 X F = 12 X 2,508 = 2.6 sq.in. . Area of
2 ends = 5.2 8q in. . '

Perimeter = 6 X 1 = 6 in. Area of sides = 6 X 8 = 48 sq in.
Total area = 48 + 5.2 = 53.2 8q.in. (Ans.)

Properties of the Sphere.—The volume of a sphere is $xr3
or nD3,

ILvusTRATION: What are the cubical contents of a spherical
balloon 50 feet in diameter? ’

V= %TDS = 125(’5000 X 3.1416

= 65,450 cu.ft. (Ans.)

The surface of a sphere is #D? or 4xr2.

ILLUsTRATION: What is the area of a  Seoment of a Sphers
spherical water tank 22 feet in diameter? Fia. 24.

A = xD? = 3.1416 X 22 X 22 = 1521 sq.ft. (Aps.)

The volume of a segment of a sphere is three times the square
of the radius of the base plus the square of the height, this sum
multiplied by the height and by 0.5236. 1If r is the radius of the
base and h is the height, then volume = 0.5236h(372 4 h2).

ILLusTrRATION: What is the volume of the segment shown in
Fig. 247

Here, r = 4 in., h = 2in. Then,

V = 0.5236h(3r2 + h%) = 0.52236 X 2(3 X 16 + 4)
=54.45 cw.in. (Ans.)

Properties of Pyramids and Frustums of Pyramids.—The
volume of any pyramid is one-third the product of the area of
the base and the altitude. V = }Ah. _

ILLusTRATION: What is the volume of a pyramid whose base
is a square, 8 feet on a side, and whose altitude is 4 feet?

V=3XAh=3%X8X8X4=2=8533 cu. ft. (Ans)
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The slanted surface of a regular pyramid is one-half the
product of the perimeter of the base and the slant height of a side
(not the slant height of an edge). .

The total surface area of a pyramid is the sum of the sla.nted
surface and the area of the base.

Pyramid Frustum of a Pyramid
Fia. 25. Fia. 26.

The volume of a frustum of a pyramid when a is the area of
the small end, A the area of the large end, and h the perpendicular

distance between the ends is, V = g(a + A4 + /Aa).

The area of the slanted surface of a frustum of a pyramid is the
sum of the perimeter of the small end and
the perimeter of the large end multiplied by
the slant height and divided by two.

Properties of Cones and Frustums of
Cones.—The volume of a cone is one-third
the product of the area of the base and the
altitude. Then, V = }xr2h or {;wD?h.

ILLusTRATION: What is the volume of a
conical pile of coal 30 feet in diameter and
14 feet high?

V = ¥4y7D?h = /5 X 3.1416 X 30% X 14 = 3299 cu.ft. (Ans.)

The area of the curved surface of a cone is one-half the product
of the circumference and the slant height. If S = slant height,
then, A = #xDS. '

The volume of a frustum of a cone when R is the radius of the
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large end, r the radius of the small end, and h the perpendicular
distance between the ends is, V = (B2 + 2 4+ Rr)-n-g.

The area of the curved surface of the. frustum of a cone when
R, r, and h have the same significance as above, is,

Curved area = (R + )=V (R — r)? + h?

Conic Sections.—A cone has already been defined as a solid
figure having a circle for its base and terminated in a vertex.
Conic sections are the figures made by a plane cutting a cone.
Depending on the different positions of the cutting plane, there
arise five different figures or sections, namely, a triangle, a circle,

bALLL

F1a. 28.

an ellipse, an hyperbola, and a parabola, only the last three of
which are usually called conic sections.

If the plane passes through the vertex and any part of the
base, the section will be a triangle as in Fig. 28a. When the
plane cuts the cone parallel to the base, the section will be a
circle as in Fig. 28b. When the cutting plane makes an angle
with the base of less inclination than the side of the cone, as in
Fig. 28¢c, the section will be an ellipse. When the cutting plane
and the side of the cone make equal angles with the base, the
section will be a parabola as in Fig. 28d. The section is a hyperbola
when the cutting plane makes a greater angle with the base than
the side of the cone makes, Fig. 28¢, If the sides of the cone
be continued through the vertex, forming an opposite equal cone,
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and the plane also continued to cut the opposite cone, this lattex
section will be the opposite hyperbola to the former.

Conic sections have considerable practical usefulness. Rein-
forced concrete arch bridges are often elliptical, parabolic, or even
hyperbolic in section. Where curves with large diameters are
needed such as for the cross-section of a pavement, the camber
of a bridge, or the upper chord of a truss bridge, a parabolic
curve is usually used instead of a circular curve because it is
more readily computed and laid out. If a source of rays is placed
at a certain point called a focus within a parabolic surface, these
rays will be reflected in parallel lines. This principle is made

use of in heat and light reflectors.
———i- The subject of conie sections belongs
to the study of analytical geometry which

cannot be covered in this book.
| Circumference and Area of an
—bp —’l Ellipse.—The approximate circumference
of an ellipse may be found by the follow-
Fia. 29. ing equation when a is half the smallest
diameter and b half the largest diameter:

Circumference = 7+/2(q2 4 b2)

The area of an ellipse is given by

Area =7 Xa X b

Geometrical Drawing.—Euclidean geometry is based on con-
structions using as the only tools a pencil, a pair of compasses,
and a straight-edge or ruler. These constructions are simple and
very useful. For instance, a building foreman may be confronted
with the problem of laying out a line perpendicular to another
line and of lengths too great for the effective use of the carpenter’s
square. Then, knowing the principles of geometrical construction
and using a string for compasses, a sight-line between two nails,
or a board, for a straight-edge, and a pencil, he can erect the
perpendicular just as readily as it can be drawn on paper.
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The following are the more important constructions:

To divide a straight line into a given number of equal parts.
(See Fig. 30.) )

Given line a b, which is to be divided into a given number of
equal parts. Draw the line b ¢, of indefinite length, and point off
from b the required number of equal parts, as &, g, f, ¢, d, ¢/;
join ¢’ and a, and draw the other lines parallel to ¢’ a.

To erect a perpendicular at a given point on a straight line.
(See Fig. 31.) :

Given line a b and the point . The required perpendicular
is 2 y.

al 1 11 1 H i /b >ky
] ] /
VL L
Ll LA
L : \
c/,é/l a l' x '2 b
Fia. 30. Fia. 31.
SoLuTION:

With z as center and any radius, as x 1, cut the line a b at
1 and 2. With 1 and 2 as centers and with a radius somewhat
greater than 1 to z, describe arcs intersecting each other at y.
Draw z y. This will be the required perpendicular.

From a given point without a straight line to draw a per-
pendicular to the line. (See Fig. 32.)

Given line a b and the point ¢. The required perpendicular
isz.

SOLUTION:

With the point ¢ as center and any radius as c 1, strike the
arc 1 to 2. With 1 and 2 as centers and any suitable radius,
describe ares intersecting each other at n, lay the straight-edge
through points n and ¢ and draw the perpendicular z.
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To erect a perpendicular at the extremity of a straight line.
(See Fig. 33.).
Given line ab. The required perpendicular is z.

SoruTION:

From any point, as ¢, with radius as ac, draw the circle.
From point of intersection, n, through center, ¢, draw the diameter
np. From the point a, through the point of intersection at p,
draw the perpendicular z.

c ———
,/’ ‘\\
Va N\,
N\,
x P \
b ! e \
2 Px S ]
a ‘\ / ‘\ \\ I
1 S~y \ SO/
yn a'; >~ b
X\ \\\\ f”, n
Fia. 32. F1a. 33.

The correctness of this construction is founded on the principle
that inside a half circle no other angle but an angle of 90° can
simultaneously touch three points in the circumference when
two of these points are in the point of intersection with the diameter
and the circumference and the third one anywhere on the cir-
cumference of the half circle. The pattern maker is making

) ; X —Y
N

practical use of this geometrical principle, when he by a common
carpenter’s square is trying the correctness of a semi-circular
core box, as shown in Fig. 34.

Draw a line parallel to a given line. (See Fig. 35.)

Given line a b. The required line z y.
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SoLuTION:

Describe with the compass from the line a b, the arcs 1 and 2;
draw line z y, touching these arcs.

o _a
To divide a given angle into two equal 7\
angles. (Fig. 36). \
The given angle, a b ¢, is divided by b % d >
the line b d. /'
/
SoLUTION: e
With b as center and any radius, as F1a. 36.

b 1, describe the arc 1 to 2. With 1 and

2 as centers and any suitable radius, descrihe arcs eutting each
other at d. Draw line b d, which wili divide the angle into two
equal parts.

To draw an angle equal to a given angle. (Fig. 37).

Given angle a b c. Construct angle
X Ty
< With b as center and any radius, as
i b 1, describe the arc 1 to 2, using y as
z center and without altering the compass
describe the arc 1, intersecting y 2.
Measuring the distance from 2 to 1 on
Fia. 37. the given angle, transfer this measure
to the arc 1, through the point of inter-
section. Draw the line y z, and this angle will be equal to the
first angle.

Note.—Angles are usually measured by a tool called a pro-
tractor, looking somewhat like Fig. 38 or 39, usually made from
metal, and supplied by dealers in draughting instruments. A
protractor may also be constructed on paper and used for measur-
ing angles, but it should then always be made on as large a scale
as convenient.

To draw a protractor with a division of 5°. (See Fig. 39.)
Construct an angle of exactly 90°, divide the arc into nine
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equal parts, then each part is 10°; divide each part into two

equal parts and each is 5°.
Prove that the sum of the three angles in a triangle consists
of 180°. (See Fig. 40.) .

TF1a. 38.

SoLuTION:

In the triangle a b ¢, extend the base line to 7. Draw the line
o p, parallel to the side a b, thereby the angle g will be equal to
the angle d, and the angle 2 must be equal to the angle ¢. The
angle f is one angle in the triangle and f 4+ g + A = 180°.

c
a
g ’p
N
e f / Q
pL Y e i
/ Fo) o
/ ___19o 60
(4] e a b
Fia. 40. Fia. 41.

Te draw on a given base line a triangle having angles 90°,
30° and 60°. (See Fig. 41.)
Given line a b, required triangle is a, c, b.

SovLuTION:

Extend the line a b to twice its length, to the point e. With e
and b as centers strike arcs intersecting each other and erect the
perpendicular a c. With b as center and a radius be draw an arc
intersecting ac at ¢. Connect b and ¢. This will complete the
triangle.
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To draw a square inside a given circle. (See Fig. 42.)

SoLuTION: c

Draw the line a b through the center
of the circle. From points of intersec-

1
1
L
tion at a and b, describe with any a H b
suitable radius arcs intersecting at n E
and m. Draw through the points the X
line ¢ d. Connect the points of inter- y
. . . d
section on the circle, and the required
Fra. 42.

square is constructed.
To draw a square outside a given circle. (See Fig. 43.)

SoLuTION:

Draw lines a b and ¢ d, and from points of intersection at b and c,
describe half circles; their points of intersection determine the
sides of the square.

c

\ X e /

\ 17

N :/ Ve
a b { =2 b

|\

\J(\\
| ~
d

F1a. 43. Fia. 44.

To draw a hexagon within a given circle. (See Fig. 44.)
Apply the radius as a chord successively about the circle;
the resulting figure will be a hexagon.

To inscribe in a circle a regular polygon of any given number of
sides.
SoLuTION:

Divide 360 by the number of sides, and the quotient is the
number of degrees, minutes, and seconds contained in the center
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angle of a triangle, of which one side will make one of the sides
in the polygon. For instance, draw a hexagon by this method.
(See Fig. 45.) -

360

2 = 60°
6 6

To find the center in a given circle. (See Fig. 46.)

SoLUTION:

Draw anywhere on the circumference of the circle two chords
at approximately right angles to each other; bisect these by the

d
b
g h 8 M g _hs T~
D ] a 3 go Ve
a e ] bool 7Y~ f.
i Ak kT 17 Ak
b [
X d
Fia. 46. Fia. 47.

perpendiculars z and y, and their point of intersection is the
center of the circle.

To draw any number of circles between two inclined lines
touching each other and the lines. (See Fig. 47.)

SoLuTION:

Bisect the inclination of the given lines a b, ¢ d by the line e f.
From a point ¢ in this line draw the perpendicular 7 g to the line a b
and at ¢ describe the circle g ¢ touching the lines and cutting the
center line at k. From k draw k & perpendicular to the center line
and cutting a b at & and from % describe an arc k g’ cutting a b
at g’ I parallel to g ¢ the center of the next circle to be described
with radius & ¢ and so on for the next.

To draw a circle through three given points. (See Fig. 48.)
The given points are g, b, and c.
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SovvTION:

From a and b as centers with suitable radius, describe arcs
intersecting at ee. Draw a line through these points, From b
and c as centers, describe arcs intersecting at d d; draw a line through
these points. The point where these two lines intersect is the
center of the circle.

To draw two tangents to a circle from a given point without
same circle. (See Fig. 49.)

Given point a, and the circle with the center n. The required
tangents are a d and a b.

SoLuTION:
Bisect line n a. With ¢ as center and radius a ¢, describe the
arc b d through the center of the circle. The points of intersection

o>

%d
]
Fia. 48.

at b and d are the points where the required tangents a b and a d
will touch the circle.

To draw a tangent to a given point in a given circle. (See
Fig. 50.)
Given circle and the point A, z y is required.

SoLUTION:
The radius is drawn to the point h and a line constructed
perpendicular to it at the point A. This perpendicular, touchmg
the circle at A, is called a tangent.

To draw a circle of a certain size that will touch the periphery
of two given circles. (See Fig. 51.)
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Given the diameter of circles a, b, and ¢. Locate the center
for circle ¢, when centers for a and b are given.

SoruTION:
From center of a, describe an arc with a radius equal to the
sum of radii of @ and ¢. From b as center, describe another arc
using a radius equal to the sum of the radii of b and ¢. The
point of intersection of those two arcs is the center of the circle c.

Note.—This construction is useful when locating the center
for an intermediate gear. For instance, if ¢ and b are the pitch
circles of two gears, ¢ would be the pitch circle located in correct
position to connect a and b.

To draw an ellipse, the longest and shortest diameter being
ziven. The diameters a b and ¢ d are given. The required cllipse
is constructed thus (see Fig. 52):

Fia. 50. Fia. 51. Fia. 52.

From ¢ as center with a radius a n, describe an arc f1f. The
points where this arc intersect ab are foci. The distance fn
is divided into any number of parts, as 1, 2, 3, 4, 5. With radius
1 to b, and the focus f as center, describe arcs 6 and 6! with the
same radius and with ! as center describe arcs 62 and 63. With
radius 1 to @ and f! as center, describe arcs intersecting at 6 and
61; with the same radius and with f as center, describe arcs inter-
secting at 62 and 63. Continue this operation for points 2, 3, etc.,
and when all the points for the circumference are in this way
marked out, draw the ellipse by using & scroll. It is a property
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with ellipses that the sum of any two lines drawn from the foci
to any point in the circumference is equal to the largest diameter.
For instance:

fle+fe, =ab, or f614 f16!, =ab.

Cycloids.—Suppose that a round dise, ¢, rolls on a straight line,
a, b, and that a lead pencil is fastened at the point r; it will then
describe a curved line, a,l, 7, n,b. This line is called a cycloid.
(See Fig. 53.)

Fi16. 53.

This supposed disc is usually called the generating circle.
The line a b is the base line of the cycloid and is equal in length
to 7 times mr, or practically 3.1416 times the diameter of the
generating circle. The length of the curved line a, I, 7, n, b is four
times r m (four times as long as the diameter of the generating
circle).

Fia. 55.

A circle rolling on a straight line generates a cycloid. (See
Figs. 53 and 54.)

A circle rolling upon another circle is generating an epicycloid.
(See Fig. 55.) '

A circle rolling within another circle generates a hypocycloid.
(See Fig. 56.)
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To draw a cycloid, the generating circle being given.

SovuTION:

Divide the diameter of the rolling circle in 7 equal parts.
Set off 11 of these parts on each side of @ on the line de. This
will give a base line practically equal to the circumference. Divide
the base line from the point @ into any number of equal parts;
erect the perpendiculars; with center-line as centers and a radius
equal to the radius of the generating circle describe the arcs.
On the first arc from d or e set off one part of the base line. On
the second arc set off two parts of the base line; on the third arc,
three parts, etc. This will give the points through which to
draw the cycloid.

To draw an epicycloid (see Fig. 55), the generating circle a
and the fundamental circle B being given.

SoruTION:

Concentric with the circle B, describe an arc through the center
of the generating circle. Divide the circumference of the generat-
ing circle into any number of equal parts and set this off on the
circumference of the circle B. Through those points draw radial
lines extending until they intersect the arc passing through the
-center of the generating circle. These points of intersection give
the centers for the different positions of the generating circle, and
for the rest, the construction is essentially the same as the cycloids.
In Fig. 55 the generating circle is shown in seven different posi-
tions, and the point n, in the circumference of the generating circle,
may be followed from the position at the extreme left for one full
rotation to the position where it again touches the circle B.

To draw a hypocycloid. (See Fig. 56.)

The hypocycloid is the line generated by a point in a circle
rolling within another larger circle, and is constructed thus (see
Fig. 56):

Divide the circumference of the generating circle into any
number of equal parts. Set off these on the circumference of the



GEOMETRY 137

fundamental circle. From each point of division draw radial
lines, 1, 2, 3,4, 5,6. From z as center describe an are through the
center of the generating circle, as the arc ¢d. The point.of inter-
section between this arc and the radial lines are centers for the
different positions of the generating circle. The distance from
1 to @ on the fundamental circle is set off from 1 on the generating
circle in its first new position; the distance 2 to @ on the funda-
mental circle is set off from 2 on the generating circle in its second
position, etc. For the rest, the coustruction is substantially the
same as Figs. 54 and 55.

Note.—If the diameter of the generating circle is equal to the
radius of the fundamental circle, the hypocycloid will he a straight
line, which is the diameter of the fundamental circle.

Involute.—An involute is a curved line which may be assumed
to be generated in the following manner: Suppose a string be placed

Fia. 57.

around a cylinder from a to b, in the direction of the arrow (see
Fig. 57), and having a pencil attached at b; keep the string tight
and move the pencil toward ¢, and the involute, b ¢, is generated.

To draw an involute.

SoLuTION: ,

From the point b (see Fig. 57) set off any number of radial
lines at equal distances, as 1, 2, 3, 4, 5. From points of intersec-
tion draw the tangents (perpendicular to the radial lines). Set
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off on the first tangent the length of the arc 1 to b; on the second
tangent the are 2to b, ete. This will give the points through which
to draw the involute. -

To draw a spiral from a given point, c.

SoLuTION:

Draw the line a b through the point ¢. Set off the centers r
and S, one-fourth as far from ¢ as the distance is to be between
two lines in the spiral. Using r as center, describe the are from
¢ to 1; and using S as center, describe the arc from 1 to 2; using
r a8 center, describe the arc from 2 to 3, ete.
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TRIGONOMETRY

Trigonometry is that bran