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PREFACE

THIs book is an attempt to bring together in a convenient form
a number of worked examples in engineering science, in order to
supplement the reading of students preparing for the Ordinary
National Certificate in Mechanical Engineering. The author also
hopes that those students who are working for the Joint Section A
examination in Applied Mechanics of the Associate membership
of the Institution of Mechanical or Electrical Engineers, and the
many other examinations where the syllabuses are similar, will
find the book useful.

The author has chosen typical examples in the syllabus, rather
than a large number of similar examples, as he has found from
experience that students have little opportunity of working out
examples under expert guidance, since the majority of the
teaching time in National Certificate work is taken up with
theory and experimental work.

All the problems are either from past examination papers set
at the sessional examinations or are of equivalent standard. The
questions cover the first and second years of the National
Certificate as well as the third year or Ordinary National
Certificate examination.

As some colleges have Heat in the National Certificate course,
some questions on this subject have been added, as well as a few
on elementary hydraulics.

By repeated checking of the solutions, it is hoped that a high
standard of accuracy has been achieved. In this connection the
author desires to acknowledge the help he has received from
D. Benton, Esq., M.A., and W. G. Evans, Esq.,, B.Sc,, in
correcting the manuscript and proofs. He also desires to thank
all those who have assisted him with information.

H. J.C

January, 1948.



DEFINITION OF TERMS

To assist the reader, some of the terms used in the examples are
defined below. The symbols and abbreviations used comply as
far as possible with B.S. 560.

I.

Mass. The name given to inertia when expressed as a
measurable quantity, or the quantity of matter in a body.

. Inertia. The property of resisting a change of motion.

3. Force. That which tends to change the motion of bodies

wn

I0.

II.

I2.

either in magnitude or direction.

. Moment of a Force. The moment of a force about a point is

the product of the force and the perpendicular distance
from the point to the line of action of the force.

. Weight of a body is the force with which the earth attracts it.
. Bow’s Notation. A method of lettering a space diagram by

assigning two letters placed one on each side of the line
of action of a force.

. Space Diagram. A diagram showing correctly the inclinations

of the lines of action of the various known forces to one
another and to some scale their relative amounts.

. Stress. The equal and opposite action and reaction which

take place between two bodies or two parts of the same
body transmitting a force, divided by the area in contact
perpendicular to the force.

Strain. The alteration of shape or dimensions resulting from
stress.

Centre of Gravity. That point of a body about which all its
parts can be balanced or which, being supported, the
whole body will remain at rest, though acted upon by
gravity.

Friction. The resistance which a body meets with from the
surface on which it moves.

Angle of Friction. The angle which a plane makes with the
horizontal when a body lying on it is just ready to slide
down it.
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I3

14.

15.
16.

17.

18.
19.

20.
2I.

22.

23.

24.

25.

26.

27.

. Velocity. The rate of change of position of a body.

Mean Velocity, or average velocity of a body, is the number
of units of length covered, divided by the number of units
of time taken.

Acceleration of a moving body is its rate of change of velocity.

Vector. A straight line having a definite length and direction,
but not a definite position in space.

Work. If a force acts upon a body and causes motion, it is
said to do work.

Power. The rate of doing work, or work done per unit of time.

Energy. If a body is capable of doing work, it is said to
possess energy.

Potential Energy is the energy a body has by virtue of its
position.

Kinetic Energy is the energy a body has in virtue of its
motion.

Moment of Inertia of a body about an axis is the sum of the
products of the mass of each particle of matter in the
body multiplied by the square of its distance from that
axis of rotation.

Second Moment of Area of a body is the sum of the products
of the area of each particle of matter in the body,
multiplied by the square of its distance from any given
axis.

Centre of Gyration. That point in a rotating body at which’
the whole mass might be concentrated (theoretically)
without altering the resistance of the inertia of the body
to angular acceleration.

Radius of Gyration of a body about a given axis is the radius
at which, if an equal mass were concentrated, it would
have the same moment of inertia.

Momentum. The quantity of motion in a moving body, and
it is proportional to mass x velocity.
Angular Momentum. If a particle of mass m 1b. is revolving

in a circle of r ft. radius and has a linear velocity of
v ft./sec. at any instant in the direction of the tangent,
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28.

29.

30.

3I.
32.
33-

34.

35-

36.
37

38.

39
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the product of the linear momentum of the particle mv
and the perpendicular distance » from the centre is called
the Angular Momentum of the particle.

Young's Modulus is the modulus of elasticity for pure tension
with no other stress acting, and is equal to the tensile
stress per unit of linear strain. It is denoted by the letter E.

Modulus of Rigidity, or Shearing Modulus, is the modulus
expressing the relation between the intensity of shear
stress and the amount of shear strain. It is denoted by
the letter C or N.

Angular Velocity of a rigid body is its time rate of angular
displacement, i.e. rate of change of angular position.

Angular Acceleration. The rate of increase of angular velocity.

Torque. That which tends to produce torsion.

Grawity (g). The acceleration given to a body of mass 1 1b.
when falling freely under its own weight (1 1b.).

Bending Moment at a section is the sum of the product of
all the forces on one side of that section and the distances
of these forces from the neutral axis of that section.

Shearing Force at a section is the sum of all the vertical
forces acting on one side of the section.

Density is the mass per unit volume of a substance.

Specific Gravity is the ratio of the weight of any volume of
that sgbstance to the weight of an equal volume of water
at 4° C.

Calorific Value of a Fuel. The quantity of heat given out
during the complete combustion of unit mass or unit
volume of the fuel in oxygen when the products of com-
bustion are cooled down to atmospheric temperature. This
is called the Higher Calorific Value. The Lower Calorific
Value is the quantity of heat given out as above, but the
products of combustion are not cooled and the steam is
not condensed. Hence the value is less than the H.C.V.
by the latent heat of steam formed.

Latent Heat of Steam is the amount of heat required to
convert I lb. of water into steam without change of
temperature.
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40. Dryness Fraction. The mass of pure saturated steam contained
in unit mass of wet steam.

41. Units of Heat. Quantities of heat are measured by the heat
required to raise the temperature of unit mass of water
through a given range. The Centigrade heat Unit (C.H.U.)
is the one-hundredth part of the amount of heat required
to raise 1 lb. of water from o° C. to 100° C. The British
Thermal Unit is the one hundredth and eightieth part of
the amount of heat required to raise 1 1b. of water from
32° F. to 212° F.

42. Coefficient of Linear Expansion for a material is the average
increase in any dimension, per degree rise in temperature,
per unit length.

43. Dry, Dry Saturated, Saturated Steam is steam that is generated
and absorbs the maximum latent heat so that there is no
water in suspension.

44. Superheated Steam is dry saturated steam that is heated at
constant pressure in a separate vessel—that is, not in
contact with its water of generation; its volume increases
and the steam becomes superheated, absorbing a quantity
of heat equal to W xSpxdegree of superheat.

45. Thermal Efficiency of a Boiler is the ratio of the heat supplied
to produce steam per lb. of fuel to the calorific value of
the fuel.

46. Indicated Horse Power (I.H.P.) is the work done in the
cylinder in ft.-lb. per minute divided by 33,000, or mean
effective pressure in 1b./sq. in. multiplied by area of piston
in sq. in. multiplied by length of stroke in ft. multiplied
by the number of effective strokes per min. divided by
33,000.

47. Brake Horse Power is the work done by engine in ft.-1b. per
min. at the brake divided by 33,000.

48. One Horse Power is 33,000 ft.-1b. per min.

49. Thermal Efficiency of an engine is the heat converted to
mechanical work, divided by the heat supplied.

50. Molecular Weight of a compound is the sum of the atomic
weights of its constituents.
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Intensity of Pressure of a fluid is the pressure per unit area.

Static Head at any point is the height of the free surface of the
liquid above the point.

Centre of Pressure. The point at which the resultant pressure
acts.

Centre of Buoyancy is the centre of gravity of the volume of
liquid displaced by the body.

Metacentre. An imaginary point about which a floating body
is assumed to swing for infinitely small displacements.

. Bernoully’s Theorem. For any mass of water in which there is

a continuous connection between all the particles, the
total energy of each particle is the same.



CHAPTER 1

1.

A spring is elastically stretched 3 in. by a load of zo0 1b. How
much will it be stretched by a load of 5 1b.?

Since the extension is proportional to the load,

4 € €1. I .
=2 . 3%, 15 ,.5in.

W 1 " 20 5 20

2.
A wire 0-05 in. diameter carries a load of 40 lb. Find the
average intensity of stress in lb. per sq. in.
Area of cross-section of wire=0-7854 x (0-05)*
=0-00196 sq. in.
40 1b.

W=20,410 Ib. per sq. 1.

Stress intensity=

3.

What diameter of round steel rod is required to carry a tensile
load of 10 tons if the intensity of stress is not to exceed 6 tons
per sq. in.?

Let d=diameter of rod in in.
Load

Stress intensity=m

10 o 10
6=o~7854xdﬂ ! d_~/6xo'7854
=145 in.

4 ‘
A round tie-bar of mild steel 1'5 in. diameter carries a tensile
load of 7 tons. Find the intensity of tensile stress in the bar.

Cross-sectional area of bar=1%i:= 1"‘—5%&)—,':1-765 in.?

Stress mtensity=1-—.'716—5-= 3-96 ton per sq. in.
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5.

Two men pull on a rope, one end of which is fastened to a fixed
iron ring. If they each pull with a force of 100 lb., what is the
tension in the rope, and what force will the ring exert on the rope?

Tension in rope=sum of two forces=100+100
=200 lb.

Since action and reaction are equal and opposite,
the ring exerts a force of 200 Ib.

6.

What thickness of cast-iron pipe 12 in. internal diameter will
be required to stand an internal pressure of 60 lb. per sq. in. if
the hoop stress in the pipe is not to exceed 1000 Ib. per sqg. in.?

Bursting force=resisting force
pxdxl=2fxtxl
where p=internal pressure in Ib./in.2
d=internal diameter of the C.I. pipe
t=thickness of pipe in in.
Jf=hoop stress in 1b./in.?
{=length of pipe
pd 6ox12 _ 720

=0-36 in.
zf 2XI000 2000 =——m-



CHAPTER 1II

7.

A mild steel tie-bar 15 ft. long has a diameter of 1-5 in.,
and carries a load of 10 tons. Find how much it will stretch if
E=13,000 ton per sq. in.

Cross-sectional area=0-7854 % (1+5)2=1-767 sq. in.
totalload 10

Stress= - — 566 ton/in.s
area 1767
g Stress intensity
- Strain
of : z
13,000 ton/in.2= 5:66 ton/in.

stretch in in. per in.

. . 566
Stretch in in. per m'_x3,ooo—o 000435

Total stretch on 15 ft. (180 in.)=180x0-000435
; =0-0783 in.

8

A bar of mild steel 1 in. in diameter is subjected to a pull of
15 tons. What is the total stretch on an 8-in. length of the bar?
And what is the fractional strain?

E=13,000 ton/in.?
Cross sectional area=0-7854 % (1)2=0-7854 in.3
totalload 15
area 07854
Strain in in. per in.=-—————————YStress intensit
E -
___I9-I ton/in.2
" 13,000 tonfin.®
Total stretch on 8 in.=8x0-00147=0-01176 in.

Stress=

=1I9-I tonfin.?

=0'00147

9.

A load of 250 lb., when applied at the free end of a vertical
wire 20 ft. long, produces an extension of 0-045 in. What is the
diameter of the wire, if E=12,000 tons/sq. in?
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Let d=diameter of wire in inches
Area of cross-section=0-7854 xd2 sq. in.
total load __ 250 Ib.
area  0+7854d? sq. in.
Total stretch=0-045 in. in 20 ft.
0-045
20X 12
. _ stress intensity
Strain=
E
250
0-0001875= 0-7854d2
12,000 X 2240

Intensity of stress=

Strain= =0-0001875

250
di=
0-0001875 x 07854 X 12,000 X 2240
d=0-2484 in.

10.

A hole 2 in. square is punched out of a metal plate o-125 in.
thick. If the ultimate shear stress intensity of the metal is
45,000 lb. per sq. in., what load is required? The punching tool
is attached to a ram 3 in. diameter. What is the compressive
stress intensity in the ram?

load

perimeter of hole x thickness of plate
load
8x0-125
Load=45,000 1b.
Stress intensity in ram=1224_ 45,000 1b. -
area 0+7854x(3)? sq. in.

Stress intensity=6366 1b. per sq. in.

Ultimate strength in shear—=

45,000=

11,
A hollow cylindrical cast-iron column is 12 in. external
diameter a%Q_g in. internal diameter and 20 ft. long. If a load

of 100 tons'ts placed on top of the column, find how much it
will shorten.
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E=8000 tons per sq. in.
. T

Area of cross-sectio =2 (d12—dq?)

= 07854 (129—9?) =49-48 in.3
total load _ 100
area 4948
stress intensity _ 2-02 ton per sq. in.

Intensity of stress= =2-02 ton/sq. in.

Proportional strain= E "~ 8000 ton per sq. in.
=0-000252
Total shortening on 20 ft.=20x12x0-000252
=0-0606 in.
12.

A strain gauge is fixed to a tie-bar of a rectangular cross-section
3 in. by o-5 in. The gauge indicates a stretch of 0-0045 in. on
a length of 8 in., when the tie-bar is under load. Find the intensity
of stress and the total load carried by the tie-bar.

E=13,000 tons per sq. in.
0-0045 in.
8 in.
=0-0005625
Intensity of stress=0-0005625 x 13,000
=7-31 ton/in.®
Total load carried=7-31x3X0:5=1II tons.

Strain=

18.

A steel overhead wire 1 in. diameter has an ultimate tensile
strength of 8o tons per sq. in. If the factor of safety is 5, calculate
the allowable pull on the wire and find the corresponding elonga-
tion on a 100-ft. span.

E=13,500 tons per sq. in.

a=o-7854x 12

Area of cross-section= md
=0+7854 sq. in.
Working stms=§9=16 tons per sq. in.
Allowable pull=16 x0-7854=12-57 tons
Stretch— Stress intensity 160
- E " 13,500

Total elongation=100 x 12 X0-00119
=1-428 in.

=0'00II9
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14.

A steam pipe 100 ft. long at a temperature of 15° C. has steam
at 200° C. passed through it. What will its length be if it is free
to expand? What stress will be induced in the material if expan-
sion is prevented?

E=6500 ton/sq. in.
a=0+000012 per degree C.
Change in temperature=200—15=185° C.
Increase in length=Tal
=185 X 0°00001I2 X 100

=0-222 ft.
Stress induced in material=TaE =185 x0-000012 x 6500
=14-43 tons per sq. in.

15.

The diameter of the cylinder of an I.C. engine is 2-4 in. and
the maximum compression pressure in the cylinder is 250 1b.
per sq. in. The cylinder head is held by four bolts whose core
diameter is 05 in. and length 2 in. What is the maximum tensile
stress in each bolt, and the elongation of each bolt?

E=30x10¢ Ib. per sq. in.
Maximum force exerted on each bolt

=E? X2—5—0=O'7854X2‘42 xg-ig
=282-7 1b.
Maximum stress in each bolt=f 3=M
area
282-

“o78s4x (o5 e/

. _Six1_1440x2
Elongation of each bolt-—E— =3ox108

=0°0000953 in.

16.

A wire 0-025 in. in diameter is required to stretch 0-:39 in.
under a load of 15 1b. Find the length of the wire, if E=13,000
tonsfin.® T
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Let /=Iength of wire in inches
Cross-sectional area of wire=1rf3=2<—(9‘;iziﬁ sq. in.
Load  15%4
Area  Trx(0-025)2
Modulus of elasticity E—Stress_Stress
Strain 8/l

15%4
T X (0-025)2 15%x4 %1

039  Tx(0°025)2x0°39

l

Stress intensity=

*. 13,000 X 2240=

13,000 X2240X T X (0°025)2%x0°39
15%x4

=

=371°5 in.

17.

A brass and a steel wire, each 12 ft. in length and of diameter
0-07 and o-09 in. respectively, hang vertically from two points
in the same horizontal plane, and 6 in. apart. The lower ends of
the two wires are connected to a light rod, and this rod carries
a weight of 120 1b. placed midway between the wires. Calculate
the angle at which the rod will be inclined to the horizontal, if
E for brass=gx10% 1b./in.2 and for steel E=30x108 lb./in.2.

Td® __ 1 (0-07)%
4

md®_ 7% (0-09)?
4

Cross-sectional area of brass wire=

sq. in.

Cross-sectional area of steel wire= sq. in.

Since the load is midway between the wires,

Load per wu'e——1-2—9—6o Ib.

E= Stress Stress
Strain Bif
where ) 8l=increase in length in in.

60
For brass wire 9xxo°=1rxgo-oz)=/sl/144 60x4 _41
4

X (0" 07)’



20 WORKED EXAMPLES IN ENGINEERING SCIENCE
60 x I
. Bl= 4, 14
Trx({0°07)®*" gx10°®

For steel 8l= 60x4 x 244
X (0-09)2" 30x 108

Difference in lengths=0-249 —0:0453=0-2037 in.
If =Angle of rod to horizontal,
2037

. o
sin 6=T=o-o339
.. 0=56".

=0-249 in.

=0-0453 in.

18.

A thin liner is to be shrunk on to a cylindrical shaft g in. in
diameter. What should be the internal diameter of the liner
before heating, so that it may grip the shaft with a tension of
5 ton/sq. in.? Assume E=30x10% lb./in.? and neglect the com-
pressive strain in the shaft.

Let d=original internal diameter in inches

x=-extension of diameter in inches
then x+d=9
Stress
E_Strain
. %__5X2240
"'d 30x10%
.. 1-000373d=9
d=8-996 in.

=0-000373

,19.

Steel rails are welded together and are unstressed at a tempera-
ture of 60° F. They are prevented from buckling and cannot
expand or contract. Find the stresses at 120° F., taking steel as
expanding o-0012 of its length for a temperature change of
180° F. E=30x10° lb./in.2. If the elastic limit is 40,000 1b./in.8,
at what temperature would it be reached?

Elongation per unit length at

_ (120—60) x0-0012

o
120° F.= 85

=0-0004
 Ee Stress
Strain
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.*. Stress=E x Strain
==30 X 108X 0-0004=12,000 lb./sq. in.
If stress reaches 40,000 lb./sq. in.,

then 40,000==30 X 108 X strain
Strajn=.40:000 __Rise in temperature x0-0012
T 30x108 180

40,000 % 180
30X I0®x0°0012

Actual temperature=200+60=260° F.

.~. Rise in temperature= =200° F.

20.

A surveyor’s tape nominally 100 ft. long is 0-5 in. wide and
0-04 in. thick. The length is correct when used at a temperature
of 60° F. and under a pull of 15 Ib. By how much will it be in
error when used at a temperature of 100° F. and under a pull
of 10 1b.?

E=30x108 Ib./in.®
Coefficient of linear expansion
a==0-000006 per °F.
Let l=length with no tension at 60° F.
x=extension under load of 15 lb.
.~ l+x=100x 12 In.

;=Stmin=3tress= 15 __1
E 0°5X0°04X30XI0® 40,000
.*. 40,000x =I
.*. 40,000% +x=1200
x=0-03 in.
l=1199-97 in.

If % for load of 15 Ib.=0-03 in.
.. %, for load of 10 lb.=0-02 in.
.. Length under pull of 10 1b. is 1199-97 +0-02=1199-99
Hence for an increase of temperature of 40° F.,
X¢=40 X 0-000006 X 1199-g9=0-288 in.
Length of tape=1199-99 +0-288=1200-28 in.

.. Error=0-28 in. too large.

21.

Two vertical wires of equal length are rigidly fixed at their
upper ends at a distance 3 ft. apart. Their bottom ends are
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connected by a horizontal bar. One of the wires is made of steel
and is o1 in. diameter; the other is made of brass and is 02 in.
diameter. Where on the horizontal bar must a weight be placed
so that the bar remains horizontal after the extension of the wires?

E for steel=30x 108 1b./in.2

E for brass=15x10¢ 1b./in.2

Let x=distance of load from steel wire in ft. (see Fig. 1)

V7707770700 9097 09707007

f—— 3 —>

B'IHD 02D
STEEL BRASS

! ‘
e Jc'a-l&e—(B-x)-;-

Yw

FiG. 1.

Let W=load in 1b.
Then load carried by brass wire———-v—gf Ib.

load carried by steel whe:mgg——x—) Ib.

Strain in each wire must be equal if bar is to remain horizontal.

. Wixs _ __ WE—x)xs
©7 3m(0-2)2x 15X 108 3Tr(0-I)®x 30X 10®
% 3—%

(02)* (0'I)%x2
0'02x=0-04(3 —%)
x=2 ft.
Weight must be placed at a distance of 2 ft. from the steel wire.




CHAPTER III
Bow’s Notation and Vectors
Before working out any problems on the applications of the

triangular and polygon force diagrams, it is desirable to state
the ﬁy in which the forces are named by letters. The sides of

b
B
A
v [}
A 2 TONS
N
a

fe—270Ns — 5

)

(a) )

Fi1G. 2.

_
O

a triangle or polygon which represent the forces in magnitude
and direction are called vecfors. The small letters of the alphabet
are used for the force or vector diagram. The capital letters are
used for the space diagram. Fig. 2 (a) illustrates the system of
lettering and is known as Bow’s Notation.

22.

A jib crane has a jib 20 ft. long and a tie-rod 12z ft. long
attached to a post g ft. vertically above the foot of the jib.
Find the forces in the jib and tie rod when a load of 2 tons is
lifted by the crane.

Fig 2 (b) sets out the problem in the space diagram, and
Fig. 2 (c) gives the solution in the vector diagram. First draw
the space diagram to scale, in this case 5 ft.=1 in. Then set off
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to scale I ton=1 in. bc parallel to BC. The directions of ¢a and
ab are known and are drawn parallel to the jib CA and tie-rod
AB, and the vector triangle abc is complete. The lengths of ba
and ca are now measured to scale. The direction of the forces
is also found from the vector diagram.
Force in jib=4-44 ton thrust
Force in tie-rod=2-66 ton pull

Since the triangular vector diagram is geometrically similar to
the space diagram, the forces can be easily calculated without
drawing the diagrams to scale. Thus ca=2 tonsx20/9=4% tons.

ab=2 tonsng—g-—-z& tons.

23.

The rotor of a generator weighing 1 ton is slung from a crane.
If the crane hook is vertically above the centre of gravity of the
rotor, and the sling is placed symmetrically, what is the tension
in the two sling ropes, and what would be the effect of shortening
the sling?

Draw the space diagram Fig. 3 (4) and assign the letters

b
(a) Fro. 3. ®

A4, B and C to the spaces round the junction of the forces at the
hook, and draw the vector diagram for the three forces which are
in equilibrium at the hook. Set off ab upwards to represent the
force of 1 ton to scale, 3 in.=1 ton, and draw ac %)a.rallel to AC
to meet bc drawn parallel to BC in c. The length of ¢ represents
the pull of the rope BC on the hook. It scales 0-63 ton and the
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pull on the rope CA by symmetry must be the same (Fig. 3 (2)).
Redrawing the figure with a shorter sling—it will be noticed

that the inclination to the horizontal is less and ¢ lies further

from ab, and the tension is increased, in this case to 1 ton.

24,

Determine the force acting in each member of the given
structure, a roof truss which is simply supported at the ends
of its span.

It carries a load of 6000 1b. at the apex.

6000 Ib.
A B
C
(3 y 308
A D A
25’

b
(@) Fre. 4. @)

Letter the spaces 4, B, C, D as shown and drawn in Fig. 4 (2).
Then draw the vector ab downwards to represent to scale
I in.=2000 Ib. the only known force at the apex joint (Fig. 4 (b)).
Complete the vector triangle; since these three forces AB, BC
and CA are in equilibrium bc scales 3000 1lb. representing the
thrust in rafter BC pushing from & to ¢ at the apex, and ca scales
3200 lb., this is the thrust in rafter CA4 at the apex joint. Now
consider joint at right-hand support. The joint is in equilibrium
due to the action of three forces, the thrust in the rafter from
a to ¢, the reaction of the support and the force exerted by the
tie-rod. We can complete the vector triangle by using the vector
ca already drawn and drawing cd parallel to CD. Then dac
represents the vector triangle for the joint in that sequence of
letters. We have now determined the remaining force in the
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frame cd which is a tie, and equal to 2600 1b., the reaction
da=4500 1b. and db=1500 lb. This could have been solved by
using the principle of moments.

25.
A large lamp weighing 100 lb. is suspended from the ceiling
by a chain. It is pulled aside by a horizontal cord until the chain

a b

(@) (®)
F1aG. 5.

makes an angle of 60° with the ceiling. Find the tensions in
the cord and the chain.

Fig. 5 (a) represents the space diagram. Letter the spaces as
shown and draw the vector diagram to scale (Fig. 5 (b)), in this
case I in.=50 lb. Since the forces acting at the point O are in
equilibrium, the sides of the vector triangle represent the tensions
in the cord and chain to scale. Pull in chain ca=200 lb., pull

in cord ab=173-2 1b.

26.

A ladder 20 ft. long rests at an angle of 60° to the horizontal,
its upper end resting against a smooth vertical wall. The lower
end is on rough ground. If the ladder weighs 1oo 1b. and its c.g.
is 10 ft. from the lower end, what will be the reactions of the
wall and the ground on the ladder?

‘ This is an example of Concurrency in the equilibrium of three
orces.

Fig. 6 (a) represents the space diagram. The weight of the
ladder, 100 1b., acts vertically downwards through the centre of
gravity G.

The wall, being ‘“‘smooth,”” means that the reaction F exerted
by the wall is perpendicular to the wall. The “smooth’ wall
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offers no upward support. Therefore the reaction F at 4 will
meet the vertical line through G at O.

By the Concurrency theorem the reaction P of the ground at B
must pass through O. Hence by drawing the vector diagram to
scale 25 1b.=1 in., the force F and P can be found (Fig. 6 (b)).

From diagram F=281b.
From diagram P=104 lb.
27.

A rectangular board ABCD has the following dimensions:
AB is 6 ft., AD is 3 ft. The board is fixed in a vertical plane
with 4B horizontal. Four pulleys are fixed at the corners and
over these pass four strings knotted together at 0. O is 1-5 ft.
from DC and 1 ft. from AD. If the string O4 carries 10 Ib., and
string OB 6 1b., find the weight carried by OC and OD, when
0 is in equilibrium.
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Fig. 7 (a) illustrates the position of the strings drawn to scale.
Using Bow’s Notation, letter the space diagram as shown. Since

b

d

(a) ®)
FiG. 7.

0 is in equilibrium, the four forces can be represented by the
sides of a polygon taken in order. To find the two unknown
forces OC and OD, take any point 4 and draw vector da parallel
to DA to represent by its length, 10 lb. (scale 1 in. to 4 1b)
(Fig. 7 (b)). Then draw ab parallel to AB and representing 6 1b.
on the same scale. Then draw from & a vector parallel to BC,
and from d draw a vector parallel to CD. Since the forces are in
equilibrium these two forces must meet at ¢. Scale off dc and be.
These vectors represent the forces in strings OD and OC.

Force in OD=12-8 Ib,
Force in OC=7-6lb.

®
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28,
A uniform rectangular steel plate 20 ft.x6 ft. rests on the

ground. The plate weighs 1 ton and is held at an angle of 60° to
the vertical by the chain of a crane, the chain making an angle
of 45° with the vertical. The chain is attached to the middle
of the upper short side of the plate. Find the tension in the chain
and the magnitude and direction of the reaction of the ground
on the plate.

Fig. 8 (a) represents the space diagram for the steel plate to
scale. Since the plate is in equilibrium due to the action of the
three forces T the tension in the chain, W the weight of the
plate acting through its c.g., G and R the reaction of the ground,

\O

500 Ib. @

®

Fic. 9.
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they must all meet in the point O. Letter the space diagram
and draw the vector diagram Fig. 8 (b) to scale 1 ton=2 in.
From the diagram read off the tension in the chain, and the
magnitude and direction of the Reaction R.
T=0-45 ton

R=0-75 ton upward at 65° to surface of ground.

3TONS 1TON 2TONS
E . "4A Y Y
F ) B
G L C
r', y ~ D A
Fic. 10 (a).
f e
b a
C dg
Fi16. 10 (}).

The structure ABC is supported at two points 4 and C. 4B is
11 ft. long, BC is 11 ft. long and AC is 18 ft. long. The reaction
at A4 is vertical and the reaction at C is oblique. A force of 500 1b.
acts at the centre of AB and at right angles to it. Find the
magnitude of the reactions at 4 and C and the inclination of the
reaction at C to the vertical.
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Fig. 9 (a) represents the structure. Since the forces are in
equilibrium, the reaction at 4 and the force of 500 Ib. meet at O.
Therefore the reaction at C must also meet at this point. Draw
the triangle of forces, choosing a suitable scale. This is shown
in Fig. g (b).

The reactions at 4 and C can now be scaled off and are equal
to reaction at 4 322-5 lb., reaction at C 257-5 1b. Inclination of

reaction at C to vertical=54°.

80.

A girder is loaded as shown in Fig. 10 (@). Find the values of
the forces in the members AB and CD. State whether the forces
are compressive or tensile.

Re-draw the space diagram to scale and letter according to
figure. In order to find the forces in the members AB and CD
it will be necessary to draw the force diagram as shown in
Fig. 1o (b). Scale off from the diagram the force in 4B which
equals 3-5 tons and the member is in compression. Scale off the
force in member CD, and it is found to be equal to 3-z tons
.and is in tension.

81.

The framework shown in Fig. 11 is supported at its ends in the
manner indicated and loaded as shown. The depth of the frame-
work is 10 ft. and the loads are spaced at distances of 5 ft. apart.
Find the stress in each member.

Letter the diagram as in Fig. 11 (4). Then draw the load line
da making dc=35 ton, ¢cb=10 ton and ba=5 ton to some suitable
scale. Since the Warren girder is uniformly loaded, the reactions
at the ends will be equal; hence bisect da at e. Now draw the
triangle of forces edl for point EDL. Then complete the stress
diagram in the usual manner (Fig. 11 (b)).

The stress in the member can now be scaled off.

DL, CK, BG, AF are all in tension and=_ 5 tons each
LK, GF are both in tension and=35 tons each
KH, HG are both in tension and=5-5 tons each
EH is in compression and=7'5 tons
EL, EF are in compression and=11-5 tons each.
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82.
The framework shown in Fig. 12 (a) on the opposite pag
consists of three equilateral triangles, the length of each side bein

E
H
L | K G | F
(@)
*D‘ClB\A

5TONS  IOTONS STONS

d L
c k
e h
b ) )
a f
Fic. 11,

10 ft. It is supported in the manner indicated and loaded as
shown. Find the stress in each member.

Letter the diagram as in Fig. 12 (4). Then draw the load line
ab parallel to AB, using a suitable scale.

Since the girder is uniformly loaded, the reactions at the ends
will be equal. Hence bisect ab at ¢ (Fig. 12 (8)). Commence at
reaction R. Draw ad parallel to 4D and from ¢ draw cd parallel
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2TONS
R AyYB R,
D F
(a)
C
a
e c (B
£ b
Fi1G. 12.

33

to CD. Then work round each joint in order and complete the

stress diagram. Scale off the stresses in each member.

Member Stress (tons)
AD 06 compressive
BF 06 ”»

DE 1-18 ”
EF 1-18 .
DC 1-18 tension
EC I'I5 .
FC I°I5 »



CHAPTER IV

83.

A horizontal steel girder of uniform section 20 ft. long rests
on two supports, one at the end of the beam, and the second
5 ft. from the other end of the beam. (The weight of the beam
is 600 1b.) Find the upward reactions of the support.

Let R4 and Rp be the reactions at the supports 4 and B, as
shown in Fig. 13.

600 Ib.
A
20' }
| =
Ra FiG. 13. Rs

Taking moments about 4,
Clockwise moment==600 X 10=6000 1b.-ft.
Anti-clockwise moment=Rpgx15=15Rp lb.-ft.
Since beam is in equilibrium, clockwise moment balances anti-
clockwise moment.
.-. 6000=15Rp
400 lb.=Rp
Total upward force=R,4 +Rg=600
.*. R4=600—400=200 lb.

This result can also be obtained by taking moments about B.

34.

A uniform steel girder 30 ft. long weighs 4500 Ib. It is supported
at one end and at a point 10 ft. from the other end. It carries
a weight of 3000 1b. 10 ft. from the supported end and a load
of 2000 Ib. at the other end. Find the reactions of the supports.

Fig. 14 represents the loads on the beam.

Taking moments about 4 (Fig. 14),

30001, 45001b. 20001b.
A Y Y
: 30’ N
e— 10' —| — 10'—
Ra Re

Fic. 14.
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Clockwise moment=(3000 X 10) + (4500 X I5) +(2000 X 30)
=157,500 lb.-ft.
Anti-clockwise moment=Rpgx20
Equating moments, 20Rp=157,500
Rp=%875 1b.
Equating upward forces to downward forces,
R4 +Rp=3000+4500 +2000==9500 lb.
R,4=09500—%875=1625 lb.

35.

A bell crank lever shown in Fig. 15 has the following dimen-
sions: AB is 3 in., BC is 2 in., and angle 4ABC is 73°. The force

FiG. 15.

at F is 12 1b., and the perpendicular distance MB is 2-2 in. Find
the pull acting at P if the perpendicular distance BN is 1-35 in.
Taking moments about B,
Clockwise moment=P x BN=P x1-35 lb.-in.
Anti-clockwise moment=F x BM =12 x2:2=26-4 lb.-in.
Equating moments, Px1-35=264

————4-——19 -55 1b.
Pull acting at P-—Ig 55 1b.
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This question can also be solved by producing the line of
action of the forces F and P to meet at O (Fig. 15)). Join O and B
and draw the triangle of forces.

86.
A wall crane is represented diagrammatically in Fig. 16 (a),
and carries a load as shown. Find the tension in the tie-rod 4B.

TR T T T T TR TR R R

°
&
41 n g
e
] B b
>
§ 10000,
(a) ®
Fi1G. 16.

The forces acting on the member BC are: the weight of 1000 1b.,
the unknown tension in 4B and whatever force exerted upon it
through the pivot at the end C. This force is also unknown. If we
take moments about an axis perpendicular to the diagram and
through C, there will be no moment of the force about this axis.
Draw the diagram to scale and find the perpendicular distance
CD. In this case scale, 2 ft.=1 in., it is 5-2 ft.

Taking moments about C,

Clockwise moment =1000x 5-5=5500 1b.-ft,
Anti-clockwise moment=7x5-2=5-2 T lb.-ft.

Since there is no rotation about the axis, we have

5-2T=5500
T=1058 Ib.

An alternative method is by drawing the triangle of forces
for the three forces which meet at 0. This is done in Fig. 16 (3).
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87.
Find the c.g. of the T-shaped piece of thin, uniform sheet

metal shown in Fig. 17. The sheet weighs 4 1b. per sq. in.

A 5 —ig

G
_ 4
DY E K C
© G,
FiG. 17.

Area of cross-piece ABCD=5x1-5=7%"5 sq. in.
Weight=7-5x4=30 Ib.
Area of stem EFLK=6x1-5=9 sq. in.
Weight=9x4=36 lb.
c.g. of ABCD is at G in centre line 0-75 in. from AB
c.g. of EFLK is at G, in centre line and 1-5+3 in.=4"5 in. from

AB
Taking moments about axis AB. Since the moments of the

whole piece must equal the sum of the moments of its parts,
let x=distance of c.g. from AB in inches.
We have %% (30+36)=075x30+4'5%36
"=I%ts'5=2'795 in.

Hence the c.g. is in a line GG, at a distance of 2-795 in. from 4 B.
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38.
A thin, uniform plate is in the shape of a square 3 in. side
with an equilateral triangle described outwardly on one side

A

3"

3"
Fic. 18.
(Fig. 18). Find the distance of the c.g. of the plate from the
apex of the triangle.
Let W=weight per sq. in. of plate
Weight of square part of plate=3x3xW=9gW Ib.
Weight of triangular part of plate
=4x3%x2598x W=3-8g7W 1b.

c.g. of square is at G in centre line of square 1-5 in. from edge; and

2-598 +1-5=4-098 in. from 4
c.g. of triangle is at G, in centre line of triangle and 1-732 in.

from apex 4 and in line with G.
Taking moments about 4 and letting X=distance of c.g. of

whole plate from 4, we have:
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X x (9W +3-897W)=1-732x3-897W +4-098 x gW
X=3-383 in.
Distance of c.g. from apex 4=3-383 in.

39.
A connecting rod of an engine weighs 600 1b. In order to find
its c.g., it is placed on two knife-edge supports, near its ends

55 ¥ A
| - e X ——— 1
l =N
60016
Y3001b.
Fi1G. 19.

and 5-5 ft. apart. The pressure on one support is found to be
300 1b. by a weighing machine. What is the distance of the c.g.
of the rod from the other support?

Let X=distance in feet (Fig. 19)

Taking moments about a horizontal axis perpendicular to the
rod at the support 4, the moment of the weight of the rod
about 4 must balance the moment of the supporting force
about 4.

X x600=5-5 %300
5:5%X300__ .
X= 600 =275 ft.

Note that this is a simple method for finding the c.g. of large

pieces of machinery.

40.

A uniform steel disc, z ft. diameter, is used as a flywheel.
The c.g. is found to be 0-2 in. from the centre. What diameter
of hole must be drilled in the disc, 6 in. from the centre, to bring
the c.g. to the centre?

Referring to Fig. 2o,

Let d=diameter of hole in inches
TTd? .
Area=——- sq. in.
Let D=diameter of disc
Area of steel disc=71?= “(24)” sq. in.
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'

N

F1G. 20.

Taking moments about centre:
Moment of original disc about centre—moment of hole about

centre==moment of disc with hole about centre.
But moment of disc with hole about centre=o0

. 1(i—‘*xxo-z— (Tr—dzx6) =0

4
B2,
d=4-38 in

41.
In Question 40 the weight of the disc is 40 1b. Find the weight
of metal that must be removed to bring the c.g. back to the

centre.
Let X =weight of metal to be removed in pounds
02
4 6

X=ﬂx—6°'2=xt Ib.

42,
A cone and hemisphere made of the same material are arranged
so that the cone sits on the hemisphere. The diameter of the base
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of the cone is 18 in. What will be the height of the cone when
the hemispherical surface rests on a horizontal plane in neutral
equilibrium?

The equilibrium will be neutral when the c.g. is at O, the
centre of the hemisphere (Fig. 21).

x
e
G 1
X o) X
© G,
Fic. 21.
Volume of come=—'r%d—2 xg cu.ft.
_Tx(r5) A
4 3
c.g. of cone G=}i from O.
Volume of hernisphere=§'rrr3 =§T\' % (0+75)3
c.g. of hemisphere is gxo-75 from O at G,
A . : 2 (075)
o - Weight of hemisphere 3 "~
0G, -~ Weight of cone  Tx(1:5)* A
© #xo75 4 3
h __1-4925
1-125 A

h=14/1-4925 x 1-125=1-297 ft.
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If & is less than 1-297 ft. the equilibrium will be stable; if
greater, unstable.

43

A beam 235 ft. long is supported horizontally by two supports,
one at the end 4 and the other 20 ft. from 4. The beam carries

5TONS 25TONS 2 TONS
je——10' I Y
A B
< 20' e 5" —|
A
Ra RB
Fic. 22.

a load of 1 ton per foot uniformly spread over its whole length,
with a load of 5 tons midway between the supports and 2 tons
at the overhung end. Find the reactions at the supports.
Fig. 22 represents the loading of the beam.
Taking moments about 4, we have, equating clockwise to
anti-clockwise moments.
I0X5+12°5%x25+25x2=Rpx20
50+312°5+50=Rpgx 20
4125 _
20 =Rz
Rp=20-625 tons
.. R4=32—20-625=11-375 tons
This could also be found by taking moments about Rp.

44.

A horizontal beam 25 ft. long is supported at its ends 4 and B.
Vertically loads of 1, 1-5 and 2 tons are applied at 5, 10 and
15 ft. respectively from A. Find the reactions at the supports.

Fig. 23 represents the loading of the beam.

Taking moments about A4 and equating clockwise to anti-
clockwise moments,

5XI+I0XI5+15%X2=Rpx25
5+15+30=Rgx25

=939 _
Rg—zs 2 tons
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Fi1G. 23.

R, +Rp=1+1'5+2
... R4y=4-5—2=2-5 tons.

This result could also be found by taking moments about Rg.

45.
A 30-ft. ladder is carried by two men 4 and B. If 4 is bearing
five-eighths of the weight, find the position of the centre of gravity

[ 30° |
™~ c G 0 D -1
A B
e—5'— _, e 10" ————>
] X ———> A
Ra=S  Yw, Yw ¥(60-W,) Ry=2¥
FiG. 24.

of the ladder and the weights of the parts AG and BG of the
ladder. Assume the ladder weighs 60 lb. and the centre of gravity
of part AG is 5 ft. from A and the centre of gravity of part BG
is 10 ft. from B.

Fig. 24 illustrates the ladder diagrammatically.

Let the centre of gravity of the ladder be at G distance x ft.
from 4.

Taking moments about 4,

k1.4

xXW=30X-§—

x=%)=n-25 ft.
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To find the weights of AG and BG,

Let W, lIb.=weight of part AG
then Weight of part BG=(60—W,) Ib.
R4 now equals 5 )(860 Ib. and Rp=3 X860 Ib.

Taking moments about 4,
5x W, +(60—W1)20=w><3o

8
sW, +1200—-20W1=5—‘—”80—°=675
1200 —675=15W,
=925_
Wl = 15 =35 1b.

.-. Weight of part BG=60—35=25 1b.



CHAPTER V

46.
A horizontal rod, 5 ft. long, is hinged at 4 while the other end
rests on a smooth roller at the same level. Forces of 10, 12 and
15 Ib. act on the rod, their lines of action being in the same

5’ ;
3 =
e ———— 27 I R;]
R M '™ D
BRET=Ts Yo\ i
E (1\
101k 121b. I51b. (@)
a
D
e
(4
(v
d
Fi1G. 25.

vertical plane and intersecting it at distances of 1, 2 and 3 ft.
respectively from A4, and making angles of 30°, 60° and 45°
respectively with AB. Find the magnitude of the reactions at
A and B. See Fig. 25 (a).
Taking moments about A4,
Clockwise moments=10X1I sin 30°+12 X2 sin 60°+15x 3 xsin 45°
=5+23-184 +41-815
=69-99 1b./ft.
Anti-clockwise moments
=5xRp
5Rp=69-99 1b./ft.
Rp=13-99 Ib.
R4 can now be found by drawing the vector polygon (Fig. 25
()); the closing side will represent R4. From diagram,
R4=27-97 1b.
acting at 4, making an angle of 27° with the horizontal.
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By resolving the forces horizontally and vertically we have:
Resolving horizontally:
H,4—10 cos 30—12 cos 60—15 cos 45=0
H, =10%0-866+12x0"5+15X0-7071=25-26 1b.
Resolving vertically:
V 4—10 sin 30°—12 sin 60°—15 sin 45°+13°99=0
V4=10%x05+I2x0-866+I5%x0-707I—13-99=12 lb.
By compounding the two rectangular forces we have:
Ry=+/(2526)%+(12)*
R =27-971b.
47.

A ladder zo ft. long rests against a smooth vertical wall, its
lower end on rough ground and 8 ft. from the foot of the wall.

D BN
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If the ladder is of uniform section and weighs 50 lb., find the
magnitude and direction of the forces exerted by the wall and
ground on the ladder.

There are four methods of solving this question:

(1) By moments.

(2) By drawing the vector diagram.

(3) By applying the converse of the triangle of forces.

(4) By resolving the forces F and F, and 50 lb. horizontally
and vertically.

The solution given here is No. 3, but the student is advised
to solve it by the other three methods.

Method 3
Fig. 26 represents the ladder and the forces acting on it which

meet at D.
The sides of the triangle ADE are proportional to the forces.

_E4 F,_ 4D
Hence F/w—-DE, @ —DE

AE=3}AH=4
DE=BH=14/202—8%=4/336
AD=+/4+336

50 x4
F== =10-9 lb.

V336 =22
F,50V/352

\/-333—=51'I7 1b.

48.

The braced support carries a load of 2000 1b. at a distance of
10 ft. from the wall. Find the stresses in each member.

Draw vector diagram for joint P to scale 1000 lb.=1 in. This
diagram is shown in Fig. 27 ().

Then draw vector diagram for joint Q to same scale. This is
shown in Fig. 27 (¢).

Combining these two diagrams as in Fig. 27 (d), we have
stresses in members from the diagram as follows:
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Member AC=2800 Ib. compressive
Member CD=2800 Ib. tensile
Member BC=2000 lb. tensile
Member DA =4000 lb. compressive

An iron gate 4 ft. wide and 5 ft. high is attached to its post
as in Fig. 28 (2). The top hinge is a plain bearing, and the weight
of the gate is taken by a socket at ground level. The gate weighs
150 lb., and its c.g. is at its geometric centre. Find the magnitude,

4
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N
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be- 1-5-->
®) C]
FiG. 28.
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direction and sense of the force acting at the ground socket of
the gate.

Fig. 28 (b) represents the space diagram to scale.

Since the top hinge is a plain bearing, it is assumed that the
reaction is normal to the hinge and therefore horizontal. This
force and the weight 112 Ib. intersect at O, and since the forces
are in equilibrium the reaction of the lower socket R must pass
through this point. Choosing a scale of 1 in.=50 lb., draw the
Force Diagram as in Fig. 28 (¢). The magnitude direction and
sense of the force acting at the ground can be read off.

Magnitude=119-6 1b.
Direction=upward at angle of 70° to the horizontal.

50.
A vertical post is 20 ft. high and hinged at the bottom. A force
of 200 1b. is applied to the post 10 ft. from the ground and at an

TITI7 7777777777777 770777
ING

2000

)

Fi1G. 29.
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angle of 30° to the horizontal. The post is stayed by a rope
which makes an angle of 45° with the post. Find the tensile
force on the rope.

Fig. 29 (a) represents the arrangement. Since the post is hinged
at the bottom, the vertical component deflecting the rope will
be nil.

The horizontal component of the 200 1b. force equals

200 cos 30°=173-2 lb.

Taking moments about the hinge,
Horizontal force P acting at topx20=173-2xI0

Hence P=8661b.
Therefore Force in rope= 1.36'6 =1225 Ib.
s 45 —————

This can also be solved by drawing the force diagram.

It will be seen that the three forces acting on the post must
meet at the point O. Fig. 29 (b). Fig. 29 (c) represents the force
diagram. Scaling this off, we obtain the force in the rope=123 Ib.



CHAPTER VI

51.

A block weighing I cwt. rests on a horizontal floor. If it requires
a horizontal force of 40 1b. to keep the block moving uniformly
along the floor, what is the coefficient of friction?

Consider the forces keeping the block moving uniformly on the
floor (Fig. 30). This will best be understood by first assuming the

‘w a fe—b F B
v
F —° R
7T77P/Tlé/ 77
4 C

Fic. 3o0.

block to be at rest. Then the forces keeping it at rest are: Weight
W acting vertically downwards, and the vertical upward pressure
R of the floor on the block, which must equal W. This, like the
weight, acts through the centre of gravity of the block. Now
apply a horizontal force E in the direction shown, and assume
it is not large enough to produce motion. The force exerted on the
block by the floor is now the resultant of R, and the friction f
equal and opposite to E. This is found by adding the forces as in
vector triangle abc, the resultant being parallel and proportional
to ca.

As E increases, the resultant pressure will move to the right,
and the contra clockwise moment of W and R balance the
clockwise moment of E and F. When the limit of friction is
reached by increasing E, f increasing to F, the inclination of the
resultant to the vertical is the angle of friction, ¢.

So we have the very important relation—
Tangent of angle of friction = coefficient of friction.

The coefficient of friction p =
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52’

The slide valve of a steam engine measures 10 in. by 16 in.,
and the steam pressure at the back of the valve is 120 1b./in.2.
If the coefficient of friction between the two steel faces is 015,
find the horizontal force required to move the valve.

Area of valve =10X 16=160 in.s

Total pressure=160 X 120=19,200 lb.

M=

w
.. E=pW=0-15X19,200
=2880 1b.

53.

What is the greatest weight a man weighing 2oo 1b. can pull
along a horizontal floor, by a horizontal rope, if the coefficient of
friction between the floor and his boot soles is 0-50 and between
the weight and the floor 0-30?

Let F =maximum force man can exert
then uW=F=0-5X200=100 1b.
If this force is applied horizontally to a weight W, 1b.

A planing machine, the table of which weighs 5 cwt., makes 6
forward and 6 backward strokes per min. If the length of the
stroke is 6 feet, and the coefficient of friction between the sliding
surfaces is 0-05, calculate the work done in foot-pounds per min.
in moving the table.

Force required to move table F=pW =005 X 5X 112=28 Ib.

Distance moved per min. by table=12x6 ft.—= 72 ft.

Work done per min.=28 x 72=2016 ft.-1b.

55. ¢

A lathe spindle 2-5 in. diameter revolves at 100 r.p.m. The
load on the spindle is 25 cwt. If the coefficient of friction between
the bearing and the spindle is 0-025, find the foot-pounds of
work per min. wasted in friction.
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Total frictional force = =2-5X112X0-025=7 Ib.
Circumference of spindle =f-)—;§§ ft.

Distance moved per min.=7r—XI—-§;5xxoo=65-4 ft.
Work lost per min. =7 X 65-4=457-8 ft.-Ib.

+ b8,

A weight of 100 1b. rests on an inclined plane whose slope
is 30°. If the coefficient of friction between the weight and the
plane is 0-40, find the force which, acting parallel to the plane,
will just make the weight move up.

E must equal F before the weight will move up the plane.

We have E=W sin 30°+pW cos 30°

.. E=100x'5+0:4x100%0-8660=84:6 lb.

This can also be solved by drawing the triangle of forces, and
the reader is advised to do so.

* §7.

A weight of 100 1b. rests on an inclined plane whose slope
is 30°. If the coefficient of friction between the weight and the
plane is 0-40, find the force which, acting at an angle of 20° to the
plane, will just make the weight move up.

Let Fig. 31 represent the forces acting on the weight which

Fic. 31.

rests on the plane, and let E be the force acting at angle « (in
our case 20°) with the plane that must pull the weight up the
plane.
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Resolving the forces,

We have E cos a=F +W sin 8
E sin a=W cos 6—R
F=uR
F=Ecosa—Wsinf=pR. . . . (1)
R=—Esina+Wcos® . . . . (2)

Multiplying Equation (2) by p and subtracting from Equa-
tion (1), we have:
wR=E cos c—W sin §
uR= —Ep sin c+uW cos &
O=E cos a+Epsin a—W sin8—uW cos
... W (sin 8+p cos 8)=F (cos a+4 sin a)
E=W (sin ©+u cos 8)
T (cos a+psin @)
Substituting in this formula,
(sin 30°+0-4 cos 30°)

‘We have E=100 3 ; 5
(cos 20° +0-4 sin 20°)
E=100%0-786=786 1b.

58
A body which weighs 18 1b. is placed on an inclined plane.
If the coefficient of friction between the plane and the body is
0-16, at what angle of inclination of the plane will the body slide
down the plane at a uniform speed? What horizontal force would
be required to move the body at a uniform speed, if the plane
were horizontal?
Coefficient of friction p=tan 6
.. tan—1 €=0-16
6=9° 6"
Horizontal force required to maintain steady motion
=0-16x18=2-88 Ib.

59.

A smooth inclined plane rises 1 ft. in g ft. of its length. What
effort is required to draw a body weighing 500 1b. up the plane,
when the effort is: (1) parallel to the plane, (2) horizontal to the
plane, (3) at an angle of 30° to the plane?

(1) Applying the principle of work, the effort Ep Ib. travels
9 ft. along the slope.
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-. Work done by effort=E} Ib.xg ft.
Work done on load-—soo Ib. x 1 ft.=500 ft.-1b.
prg ft.=500 ft.-1b.

- Bp=5555 Ib.
(2) Let x=Iength of horizontal base in feet.
Then Q%=x%41%

.. x=4/92—13=8-94 ft.
The effort travels 8-94 ft. whilst the load is lifted 1 ft.
By the principle of work,
Ep 1b. x8- 94 ft.=s500 ft.-1b.
. Ey=55-92 Ib.
Note. It makes very little difference whether we take the force
parallel to the plane or horizontal to it.

(3) Component of E, parallel to the plane
=FE, cos 30°
=0-866 E,
Work done by effort=0-866 E;x9
Work done on load=500 lb.x 1 ft.
.-. 0-866 E;x9=500 ft.-lb.
E;=64-15 1b.

60.

A train weighing 400 tons is pulled up a gradient of 1 in 200.
If the tractive resistance on the level is 12 lb. per ton, what
tractive effort and horse-power will be required to draw the
train at 25 miles per hour up the gradient?

Effort required to overcome tractive resistance
=12 X 400=4800 lb.

Effort required to pull train up gradient assuming no friction
=400 X 2240 X E(I)—o =4480 1b.
Total tractive effort=4800+4480=9280 1b.
Distance travelled per second= M =36-67 ft.

Work done per sec. —-9280 lb ><36 -67 ft.
=340,198 ft.-1b.

h.p. required—u 618 h.p.



56 WORKED EXAMPLES IN ENGINEERING SCIENCE

61.

In example 60 what is the horse-power required to draw the
train down the gradient?

When train is being drawn down gradient, gravitation will
assist in overcoming the tractive resistance of 4800 lb. opposing
motion. Resolving the weight of the train along the gradient,
we have component of weight along gradient

I
=400 X 2240x553~4480 Ib.
Force required to draw train=4800—4480=320 Ib.
Work done per sec.=320 1b.x36-67 ft.
=11,734 ft.-lb.

. 11,734
h.p. required=—"%4-=271-3 h.p.
p- req 550 3 h.p



CHAPTER VII

62.

If a motor car travels at a uniform speed of 30 miles per hour,
how many feet will it travel in 30 seconds, and how long will it
take to cover 50 miles?

Distance travelled per hour=30x5280 ft.
30x5280
60 %60
Let s=space travelled in feet per second
v=speed in feet per second
t=time in seconds

Distance travelled per sec.= =44 ft.

Then s=vtand t=§

.+. Distance travelled in 30 sec. s=vt=44 x 30=1320 ft.

Time to travel 50 miles t=§=?—£ =1-66 hour

=1 hour 40 min.

63.

The following table gives the distance a body is from its
starting position at the given times. Calculate the average
velocity in each 5 seconds. Plot a speed-time curve and from it
find the speed after 35 secs.

Time # (secs) [o] 5 | 10| 15| 20 | 25 | 30 | 35 | 40 | 45
Distance s feet |0|100|400]|750|1125| 1475|1800 2100|2350 |2500

0+I00
——=20 ft. per sec.

(This can be taken as
the velocity after
2°5 sec.)

Average velocity in Ist 5 sec.=

Average velocity in znd 5 sec.=%22"1%_¢o ft. per sec.
5 (Take this as vel-
ocity at 7-5 sec.)
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Average velocity in 3rd 5 sec.=M=7o ft. per sec.
5 at 12-5 sec.

Average velocity in 4th 5 sec.=TX23=750_ ;5 ft. per sec.
5 at 17-5 sec.

Average velocity in 5th 5 sec._—.M:w ft. per sec.
5 at 22-5 sec.

Average velocity in 6th 5 sec.=£8~90—'5——m—75 =65 ft. per sec.

at 27-5 sec.
Average velocity in 7th 5 sec.=2100—18%0_¢, £t per sec.
5 at 325 sec.
2350—2100

=50 ft. per sec.

Average velocity in 8th 5 sec.=
at 37:5 sec.

Average velocity in gth 5 sec.= =30 ft. per sec.

2500—2350
5 at 42-5 sec.

Now plot their average velocities and times and the curve
shown in Fig. 32 is obtained from the curve scale of the velocity
at 35 sec., which is approximately 55 ft. per sec.

80
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64.
A car starting from rest has its speed uniformly increased

until at the end of one minute it is moving at the rate of 30 miles

an hour. What distance has it covered in this time?

30x5280

60 x60

0+44

2

30 miles per hour= =44 ft. per sec.

Average speed= =22 ft. per sec.

Distance covered s=vt=22 x1x60=1320 ft.

85.
A fly-wheel of 6 ft. diameter is keyed to a shaft which makes
300 r.p.m. Calculate the angular and linear speed of the rim of
the fly-wheel.
300
300 r.p.m.="g==5I.p:s.
Radians turned through per revolution=21
Angular speed of fly-wheel=21r x 5=10Tr=31-41 radians per sec.

Circumference of fly-wheel= Trd=1rx6=18-84 ft.
Linear speed of rim=18-84x5=094-2 ft. per sec.

8e6.

A body has an initial velocity of 50 ft. per sec., and moves
with an acceleration of 5 ft. per sec. per sec. Find the distance
passed over in 5 sec.

Let s=space passed over

w=initial velocity

a=acceleration

t=time in seconds.
s=ul+4at®=50x5+45x52=312-5 ft.

87.

A body has an initial velocity of 50 ft. per sec., and moves
with a retardation of 6 ft. per sec. per sec. Find when it will be
200 ft. from the starting point.

s=ut—3}at®
200=50f—% x 642

Solving this quadratic equation, we find

t=10 sec.
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8.
Find the velocity with which a jet of water must be projected
vertically upwards in order to reach a height of roo ft.

If v=the velocity required
then ve=2gs
where g=acceleration due to gravity

v2=2X 322 X100
.. v=1/6440=280 ft. per sec.

69.

A bullet is fired vertically upwards with an initial velocity of
2500 ft. per sec. Calculate the height to which it will rise, and
the time taken to reach the ground again. Neglect air resistance.

v2=2gs
... s=u2[2g
__2500X2500__
= ax3az 049 ft.

Since the time taken for the bullet to rise will be the same as
that for it to fall, we have
s=4}gte
4225 _2X97049
8 322
t=‘/2<—9—7—%—9=77-6 sec.
322
.. Total time=2x77-6=155-2 sec.

70.

The speed of a car increases uniformly for the first 4 minutes
after starting, and during this time travels 1 mile. Calculate the
speed of the car at the end of 4 minutes, and the space covered
in the first 2 minutes.

s=4%at?
5280=4a x (4 x60)2
.. a=}3} ft. per sec. per sec.

Speed at the end of 4 minutes or velocity gained in covering

1 mile:
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v3=2as
. =2 x 1 x 5280
v=14/1936=44 ft. per sec., or 30 miles per hour

Space covered in first z minutes:
s=4at2=415x (2 x60)2
=1320 ft.=} mile.

71.

A body moves with uniform acceleration and covers 20 ft. in
the fifth second, and 30 ft. in the tenth second after starting.
What is its initial velocity, and acceleration?

If we assume that the initial velocity is #, and that the body
moves with uniform acceleration «, space covered equals (average
velocity) x (time). The space covered in the #nth second is equal
to the average velocity during the nth second; but since the
acceleration is constant, the average velocity is the actual
velocity at the middle of the #th second or

u+(n—ia
Thus the spaces covered in the first, fourth, . . . nth seconds
are:
u+ia, u+(4—4)a, u+(n—4)a

From the above we see we have two simultaneous equations

involving % and a:
20=4+(5—3%)a
30=u+(10—4)a

From these equations we have:

u=11 ft. per sec.

a=2 ft. per sec. per sec.

2.

A car accelerating uniformly from rest passes in succession
three lamp-posts spaced 100 yards apart. The time between the
first and second lamp-post and the second and third lamp-post
is 10 seconds and 6 seconds respectively. Find (1) the acceleration
of the car, (2) the distance of the first lamp-post from the starting
point.

Let u=velocity of car at first lamp-post

v=velocity of car at second lamp-post
vy=velocity of car at third lamp-post
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Space passed over (s)= ('i;)t

- 300= (’1:) XTo
2

_ V+Uy 6

soo= (2222
600 (u H") x 16

2

Solving these three equations, we have:
300=5%+50.. . . . . . . . . . (1)
300=3v+3v, B 3]
600=8u+8, . . . . . . . . . (3

From Equation (2),
v,=(100—1)

Substituting this value in Equation (3) and adding it to
Equation (1), we have:

—25=%—1v
60=u+v
35=2u

u=17-5 ft. per sec.
v=42-5 ft. per sec.
Substituting the value of v=42-5 ft. per sec. in Equation (2),
we have:
v;=57-5 ft. per sec.
Again, vE=uy? +2fs
42-58=1752 +2fx 300
f=4—2—'2;——;;ots—’=2-5 ft. per sec. per sec. acceleration of car
To find distance between first lamp-post and start,
v2=u2 +2fs
In this case, %=0
.. I7°52=2X2'5XS
s=—1—2:5—.—=61-25 ft.
2X2%5 ————
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73.

A body is projected upwards with an initial velocity of
320 ft./sec. To what height will it rise? How long will it take to
reach a point 600 ft. high on its downward path? g=32 ft./sec.2.

To find the height to which it will rise,

v2—u2=2gs
u=320 ft./sec.
v=0
2g=—064 ft./sec.? (a retardation)
s=3f£2=16oo ft.

64

Time £ sec. to reach highest point= J I—g—ggzm sec.

Time ¢, sec. to fall 1000 ft.=JL;’%9=7~9 sec.

.-. Time taken to reach a point 600 ft. high on the downward path
=t+{;=10+7'9=17'9 secC.

74.
A rope passes over a frictionless pulley. On one end of the
rope is a weight of 125 1lb., and on the other end a weight of
185 1b. The 185-1b. weight is held steady, then let go. What
vertical distance will it fall in two seconds?
Assuming a frictionless pulley and also that it has no mass,
Accelerating force=185—125=60 Ib.
Mass accelerated=185 +125=310 1b.
accelerating forcexg 6oxg
mass accelerated 310

s=}at2=}x6-24x22=12-48 ft.

Acceleration= =6-24 ft./sec.2

75.

A bullet is fired with a barrel velocity of 1650 ft./sec. from an
aeroplane travelling at 350 m.p.h.

(@) If the bullet is fired in the same direction as the plane
(i.e. forwards), how long will it take to travel 440 yds.?

() If the bullet is fired in the opposite direction to the plane
(i.e. backwards), how far will it travel in 175 seconds?
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. __350x5280
Velocity of plane forward= 3600

Velocity of bullet forward relative to plane-
=1650+513-3=2163-3 ft./sec.

=513-3 ft./sec.

449X3 061 sec.

2163°3

Velocity of bullet backwards relative to the earth
=1650—513-3=1136-6 ft./sec.

Distance travelled in 1-75 sec.=1136-6 x1-75=1990 ft.

Time taken to travel 440 yds.=

7e.

A shell weighing 20 lb. is fired from a gun weighing 2 tons
with a velocity of 1300 ft./sec.

() Find the velocity of recoil of the gun.

(b) If the gun moves a distance of 1 ft., what is the average
force resisting recoil?

Let V,=velocity of shell and W, its weight

Ve=velocity of recoil and W, weight of gun

Then WiVi=W,V,
20X1300=4480xV,
_20X1300__ _.
V,--——————4480 5-8 ft./sec.
.. - WsV3: 4480x(5-8)2
Kinetic energy of recoilin, =t
e nergy o oiling gun 2 644
=2340 ft.-lb.

If gun is arrested in 1 ft.,
Average force acting=2340 1b.

.

A motor car weighs 1-5 tons and is running on a level road at
60 m.p.h. Find its kinetic energy in foot-pounds. How far will
the car run without driving force or brakes if the resistance to
motion is 40 1b./per ton? 60 m.p.h.=88 ft./sec.

WV 1-5x2240 (Ib. force) x 882 (ft./sec.)s

g 2x32-2 ft./sec.?

=404,035 ft.-1b.

Kinetic energy=



WORKED EXAMPLES IN ENGINEERING SCIENCE

To destroy this energy,
Work done in resistance=40 1b. x 1-5xdistance run
404,035 ft.-lb.=40 1b. x 15 xdistance

404.935 _ gistance = =6733-9 ft.

40x I'5
Alternative method:
f_P_40x15
g W 3360
OxX1I* 2-2 ft. 2
. fm 40 x 5x§60 /sec 0-575

=0-575 ft./sec./sec.
Time in sec. to reduce speed by 88 ft./sec.

__ 88 ft.[sec. — 1820 sec
0575 ft./sec.2” 53°0 sec.

Distance travelled in this time at average speed of
44 ft.[sec.=44x153-0=6732 ft.

65



CHAPTER VIII

78.

A lifting-crab having a velocity ratio of 15 lifts a load of
210 lb. with an efficiency of 60 per cent. What effort is required,
and what will be the mechanical advantage?

Useful work per foot of lift=210 ft.-1b.
Work done by effort P per foot of lift=P x 15 ft.-lb.
Since the efficiency is 60 per cent.,
0-60P x 15=210
>
T 15%0°60
Mechanical advantage=———:§i§t=:—;%=9-o
Velocity ratio x efficiency=mechanical advantage
15X0°6=9.

=23-3 lb.

79.

In a lifting machine, the efficiency is 35 per cent., and the
velocity ratio 24. What effort is required to raise a load of
2000 1b.?

. . useful work w
Mechanical efficiency = done by effort” PxV
2000 1b. . 2000

T PlbxV it 03T Pxzg
V =velocity ratio, P=-effort in 1b., and W=1load Ib.

Hence Effort P= 2000
0-35x%24

=238 Ib.

80.

An experiment on a lifting machine gave the following results:
Load W Ib. 5 10 15 20 25 30
Effort P lIb. 0’50 072 096 120 145 I

The velocity ratio was found to be 28-8. Plot Effort against

Load and find the “law of the machine” and calculate the
efficiency of the machine when the load is 26-0 Ib.

First plot to some scale (Fig. 33) the Load W 1b. against the
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Effort P Ib. (in this case 5 Ib.=1 in. for W and 1 1b.=2 in. for P).
The graph is a straight line, but does not pass through the zero
point O. This indicates that some effort o-25 Ib. is required to
move the machine without any useful load.

The law of the graph is P=mW +C.

From the graph C=o0-25 1b., and by taking two points 4 and B
on the graph and measuring the slope we obtain m. From graph
M=0-049.

The law of the machine is P=0-049W +0-25.

From graph find Effort P=1-5 Ib. for load 26-0 Ib.

usefulwork W 2640
work done by effort” PxV ™ 1-5x28-8
=0-60=60 per cent.

Then Efficiency=

81.
In an experiment with a lifting machine, the following results
were obtained:
Load W Ib. 50 I00 IS0 200 250
Effort P1b. 65 99 132 166 200
The velocity ratio was found to be 30.
Determine the efficiency for each load and plot a curve on
a load base to show the efficiency of the machine at all loads
from o to 250 lb.

Work out the eﬁciency=1—_.,zzt7 for each load and thus obtain
Table I. X
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Table I
Load W1lb. 50 100 150 200 250
Efficiency  0-256 0'336 0-379 0-402 0-416
Plot graph of Load W against Efficiency to some scale, in this
case I in.=50 lb. for W and 1 in.=10 per cent. Fig. 34 shows
this graph.

EFFICIENCY 2%
~ w
© S

13

0 50 100 150 200 250
LOAD W (Ib)

. F1G. 34.
82,

A simple crab has a pinion with 20 teeth on the shaft to which
the handle is fitted. This gears with a wheel having 200 teeth on
the drum shaft. An effort of 10 Ib. acts perpendicular to the
handle at a radius of 15 in. from the axis of the shaft. This lifts
a load of 200 Ib. suspended by a rope round the drum, which has
an effective radius of 6 in. Find the efficiency of the crab at this
load. Fig. 35 shows the machine in diagrammatic form.

For one revolution of the drum,

The handle shaft makes 200/20=10 revolutions

The effort moves Iox2mx15=300T in. o

Work done by effort et =300 X I0=3000Tr in.-1b.

The load moves " 2mwx6=12T in.

Work done=121rx200=24001 in.-lb.
useful work =2-4t°°'"=o-80

work done by effort 30001

or 8o per cent.

Efficiency=
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- " " -

w

F1G6. 35.
/83.
Two gallons of water are raised from a well in a can weighing
5 1b. by means of a wheel and differential axle. If the wheel is
2 ft. diameter and the diameters of axle 10 and 6 in. respectively,
and a force of 4 1b. is required, what is the efficiency of the
machine?

. d
distance E moves ————

Velocity ratio V= Jistance W moves— wgd; —d)

2 gallons of water weigh 20 1b.
W=20+5=25 lb.
useful work W 25

Eﬂiaency—work done by effort PxV 4xIz

=0-52=52 per cent.
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84.

A screw-jack lifts a load of 1000 1b. The lead of the screw is
# in. Find the effort required at the end of a 12-in. arm. If the
efficiency of the screw-jack is 30 per cent., what is the velocity
ratio and the mechanical advantage of the screw-jack?

Let P=the effort
Work done by effort per revolution=P x 7d
=P x wx24 in.-1b.
Work done in raising W per revolution=1000x $ in.-1b.
useful work per revolution  _ 1000x$
work done by effort per revolution” P x24T

20=-375_
° 30”24'rrP

P=—315 _ _16.61Ib.

0:30X24T

circumference of effort circle
lead of screw

Efficiency=

Velocity ratio V=

Mechanical advantage
—Jload 1000 o .
effort 166 —=
Or mechanical advantage
=velocity ratio xefficiency

=201 xX0-30=60-3.

85.

In a Weston Differential Pulley block the sheaves are 12 and
13-in. diameter respectively. Find the force required to lift 1 ton
if the efficiency is 40 per cent. What length of chain must be
pulled over to make the weight rise 1 ft.?

Referring to Fig. 36,

Let R=radius of large sheaf

r=radius of small sheaf

For one revolution effort moves a distance=2TR

Chain shortens by a length zw(R~—7).
Load rises a distance of mw(R—7).
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Lueriiyrzritf
E
w
Fic. 36.
Veloci . 2R 2x13
elocity ratm:E—_—r =131z 26
Load (W) 2R

Effort (E) R—r 1
2240 2X6°5
"E " 65—6
Effort=215-4 1b.
Length of chain pulled out=V R xdistance W moves
=26 x1=26 ft.

X0°40



CHAPTER IX

86.

A motor lorry pulls a trailer with a steady pull of 100 1b. at
20 miles per hour. How much work is expended upon the trailer
in 1 hour?

Distance travelled in 1 hour=20x5,280 ft.
=105,600 ft.
Work done in 1 hour=100 1b. X 105,600 ft.=10,560,000 ft.-1b.

87.

If a trailer being pulled by a motor car at 30 miles per hour
absorbs 100,000 ft.-1b. of work per minute, what will be the pull
on the trailer?

Distance moved per hour=30x35,280 ft.
=158,400 ft.

158,400

60

Distance moved per minute= =2640 ft.

Work done per minute=npull in 1b. xdistance ft.
100,000=pull 2640

pull in lb.=—I—(;%f%°=37-9 1b.

88.

*" An electric motor does 100,000 ft.-Ib. of work per minute at
a speed of 1000 revolutions per minute. What is the torque on
the shaft?

Angle turned through per minute=1000x2TT
=2000 T radians
Torque (lb.-ft.) x2000TT=100,000 ft.-1b.

Torque:-—mo‘ooo:-rs -9 1b.-ft.
2000Tr

89.

A chain 100 ft. long weighs 6 1b. per foot, and hangs vertically.
Find the work done in winding it up on a drum at the top, and
the work done in winding up the first 50 ft.

This question can be solved by two methods:
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(1) By plotting the force against the distance and finding the
area under the graph.

(2) Mathematically.

Method 1. Plot to some scale the Force (Ib.) against distance
in ft. Fig. 37 shows the diagram of work. If the scales chosen

A

600

FORCE IN (ib)

. o ) 8
° 20 40 60 80 100
- DISTANCE IN(ft)

Fic. 37.

are 100 lb.=1T in. and 20 ft.=1 in., then 1 sq. in. represents
100 x20=2000 ft./lb.
The total area of the diagram equals

$0Bx0A=4x6x5=15 sq. in.

Work done=15 sq. in. x2000 ft.-1b. per sq. in.=30,000 ft.-1b.
From the diagram we see that the average force is half OA.
Therefore the work done is

$600 x 100==30,000 ft.-1b.

The work done in the first 50 ft. of lift is represented by the
area OACD. Tt is not necessary to calculate the area, as it is
evident the average force during the so0-ft. lift is=450

Hence work done=450x50=22,500 ft.-lb.
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Method 2. When a force varies uniformly, and the minimum

force is zero, the work done is 4 maximum force x total distance.
Work done=4600 x 100=30,000 ft.-lb.

Work done in first 50-ft. lift is

average forcex distance:éﬁ—;iﬂ) X 50=450 X% 50=22,500 ft.-1b.
90.

A load is pulled by a tractive force F lb., which varies with
the distance X ft. moved as given in table. Find the work done.
F (b.) 800 780 740 680 660 680

X (ft.)

740
o 20 40 60 80 100 120
800
I~ /L
600
2
z 400
-
200
o 20 40 60 80 100 120
X N FEET

F1G. 38.

Plot the graph as in Fig. 38, using scales 1 in.=2z0 ft.,

I in.=200 lb. Then the area under the curve represents the
work done. By the scale used, I sq. in.=20x200=4000 ft.-lb.

The area can be found by (1) counting the squares, (2) mid-
ordinate rule, (3) by planimeter.

(x) Number of squares=21-5
Work done=21-5 x 4000=86,000 ft.-1b.

(2) Divide the base into g and get the average height of the
diagram of work, and multiply by the length of the base line.
Average height xlength of base=work done
722 1b. x 120 ft.=86,640 ft.-1b.
(3) Area by planimeter=21-55 sq. in.

Work done=area x 4000=86,200 ft.-1b.
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91.

A spring is extended 6 in. from its unstretched state. If the
spring requires a force of 1o 1b. per inch of stretch, find the
work done. What work is required stretching the last 2 in.?

Maximum force required=6 x10=60 1b.
Average force during stretch=§29= 30 1b.
Work done=30x6=180 in.-lb.
Force at 6-in. stretch=60 1b.

Force at 4-in. stretch=40 1b.

60 +40
2

Average force for last 2 in.= =50 lb.

Work done in stretching last 2 in.=50x2=100 in.-lb.

92. :
A barge is towed along a canal by a horse at 2 miles per hour.
The rope is inclined at an angle of 30° to the direction of motion
of the barge. If the pull on the rope is 70 1b., calculate (1) the
work done per hour, and (2) the h.p. required.

Work done="force xdistance moved x cos 30°
=70x2 X 5280%0-8660
=640,147 ft.-1b. per hour

640,147 _
33,000x60"2§_2£'_p‘.

The h.p. required=

93.

The pull on the lower side of a belt is 160 1b., and on the
upper side 20 1b. If the pulley is 2 ft. diameter and rotates at
400 r.p.m., calculate the power transmitted and the torque on
the pulley.

Circumference in ft.=21
Distance moved by rim of pulley per min.
=400 x2Tr=8001Tr ft.
Work done per min.=eflective force xdistance
=(160—20) x 800Tr
=140x8001r=351,680 ft.-1b.
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Torque=140 lb.x 1 ft.=140 1b.-ft.
Angle turned through per min.=400x2w=_800 radians
h.p. =M=IO'66.
33,000

4.
°* An IC. engine has one cylinder 9-5 in. diameter, and the
piston stroke is 19 in. If the mean effective pressure is 105 Ib.
per sq. in. and the number of explosions is 80 per min., find
the IL.H.P.
Area of piston=0-78544d2=0-7854 %952
Work done per cycle=force on piston xstroke (ft.)

=105xo-7854x9-52x;—g
=11,790 ft.-Ib.

LH.p.—1%.790%80 o,
S— 33,000

o

95.

' Power is transmitted from an engine shaft by a belt passing
over a pulley 30 in. diameter. The speed of the shaft is 120 r.p.m.,
and the tension on the tight and slack sides of the belt are
1350 1b. and 400 1b. respectively. Calculate the h.p. transmitted.

% SLACKSIDE

DRIVER FOLLOWER

TIGHTSIDE

T,
Frc. 39.

by the shaft, and the maximum stress in the belt. The belt is
5 in. x § in. cross-section.
Referring to Fig. 39, we have:
Difference of tensions= (T —T;) Ib.=1350—700
=650 1b.
Circumference of driver=Td=1rx2-5 ft.
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Speed of belt==circumference of driver xrevolutions
of driver per minute

=TrX25XI20
__650x Trx2°5Xx120

h.p. 33,000 =18-55
Ty=1350 lb. in tight side
. . . __I350_ 1350
.. Maximum tension= Area ———5 <3

=720 lb. per sq. in.

96.

Two spur wheels in gear are transmitting 10 h.p. The driver
has 60 teeth, and the pitch is 1 in. If the driver makes 150 r.p.m.,
what will be the tangential pressure between the teeth?

Power transmitted=pressure between teeth (lb.) xspeed
of pitch circle (ft. per min.)

__PxmdN

~ 33,000

P=tangential pressure

N=r.p.m.

P 33,000X h.p. Ib.
wdxN

h.p.

Circumference of pitch circle of driver

—6ox L=80_s 1
12 12 :

.. p—33,000%10

5 X150 =440 lb.

97

A pinion gearing with a rack has 30 teeth of 4-in. pitch, and
rotates at 80 r.p.m. The rack is fixed to the table of a planing
machine. If the pressure between the teeth of the rack and
pinion is 400 lb., at what speed will the table be driven? And
what is the horse-power transmitted?



78 WORKED EXAMPLES IN ENGINEERING SCIENCE
Circumference of pitch of pinion=30%}=15 in.
12

Speed of pitch circle=speed of rack=;—§x80=mo ft. per min.

Speed of table=100 ft. per min.

h.p. transmitted—Pressure between teeth x speed
P 33,000
_400XI00_40_ h.p.
33,000 33 ———



CHAPTER X

98.
A flywheel weighing 2 tons has a radius of gyration of 3 ft.
If there is a driving torque of 600 1b.-ft. and a resisting torque
of 250 lb.-ft., find the time required to increase its speed from
20 to 8o revolutions per minute,
The effective accelerating torque=600—250=350 lb.-ft.

. Torque or turning moment equals mass (K) x (rate of change
of velocity) (a) x (radius of gyration)z (&)2.

- Torque:%k* xrate of change of angular velocity a

= Ek' xXa
g
where a=angular acceleration
Torque= Whta
g
2x2240
350= 322 x3*xa
Angular acceleration a
—-350%322 __ . i 2
=2 x2240% 33—0 28 radians per sec.

Speed increase=80—20==60 revolutions per minute

———6— x60=2T radians per sec.

Time required= 21;8_22 -4 sec.
99.
A flywheel weighing 10 tons has a radius of gyration of 4-5 ft.

and is revolving at 100 r.p.m. The coupling connecting it to the
engine breaks, and the wheel is then subjected to a constant
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frictional torque of 450 1b.-ft. Calculate the number of revolutions
the wheel will make before coming to rest, and the amount of
work it will do against friction.

Resisting torque=450 lb.-ft.
Resisting torque= %k’ x angular retardation

. __T0X2240
- 450= 322
Angular retardation=0-0336 radian per sec.?

v/ I00X2T IOTr
I00 r.p.m.=—7p—— =3 radians per sec.

% (4-5)2xangular retardation

60
IOTT
Time for wheel to come to rest=_ 3 =311-3 sec.
0-0336

=5 min. II-3 sec.
maximum IOO0
— 2z g oTpm

Revolutions in coming to rest= ﬂ%gl;i 2594

Average angular speed=

Torque xangle in radians=work done per revolution
.. Total work done=450x21 x259°4
=%33,300 ft.-1b.
100.

In a fly-press for punching holes in iron plates, the two balls
are placed at a radius of 30 in. from the axis of the screw, and
the weight of each ball is 10 1b. If the pitch of the screw is
o-5 in. and the speed of the balls 240 r.p.m., calculate the energy
of rotation, and the energy of translation, of the balls and the
speed of revolution of the balls after punching a plate 0-25 in.
thick if the average resistance is 5 tons.

Kinetic energy of wheel=°—:§xl ft.-1b.

Where w=the angular velocity, in radians per sec.
I=the moment of inertia of the wheel, 1b. and ft. units

(240 X2Tr 30\
K.E. of rotation= X2XI0X (E) =1225 ft.-lb.

&

64-4
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7
. . __240X0-5 .
Vertical downward velocity of balls= Box1z = % ft./sec.

Kinetic energy of translation=g;— Ve

z><3o

T644 "

5X2240X0°-25
12

Neglecting the K.E. of translation, which is small, and letting
w radians per sec.=velocity of the balls after shearing,

6) =0-026 ft.-lb.

Work done in shearing plate= =233-3 ft.-1b.

KE =21
28
. 1225—233-3= w2x2><10><( )

644
.. w=22-6 radians per sec.
Final velocity=216 r.p.m.

101.

A flywheel weighing 5 tons has a radius of gyration of 3-5 ft.
and a speed of 200 r.p.m. Find its kinetic energy. If 100,000
ft.-1b. of energy are taken from it, to what speed will it fall?

Tw?® 5x2240 21T X 200\ 2
K.E. of wheel=—> g_ 644 x(3- )x(——'—éo )

=Q34,000 ft.-1b.

Let N=speed in revolutions per minute after energy has been
removed.
Since K.E. of wheel is proportional to the square of the speed,
we have:
N2  934,000—100,000_ 834

200? 934,000 934
N= g)-%;——83"’:189 r.p.m.

102,
A weight of 40 1b. is attached to a cord which is wrapped
round the 2-in. diameter spindle of a flywheel. The descending
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weight makes the wheel rotate. If the weight descends 6 ft. in
10 sec., and the friction of the bearing is equivalent to a force
of 3 1b. at the circumference of the spindle, find the moment of
inertia of the flywheel. If the flywheel weighs 212 1b., what is

its radius of gyration?

Potential energy (P.E.)=kinetic energy of weight +kinetic

energy of flywheel

Average velocity (v)=%=o-6 ft./sec.

.. Maximum velocity (V)=2xo0-6=1-2 ft./sec.
If r=radius of spindle in feet
V =speed in feet per sec.
w=angular velocity radians per sec.
y X2
Ww==—=1
y
12
Substituting in Equation (1), we have:
_a6d0x(1-2)® (14-4)2]
(40—3)6= 644 + 2X32°2
222=0-89+3-221

(222—089) _7_68.61b.-ft.2
322 -

1=
g

68-6=322——I%xk=

h— /68-6x32~2
212

=3-2 ft.

103.

=14-4 radians/sec.

(1)

A flywheel and axle weighing 250 Ib. is rotated by a falling
weight of 50 1b. attached to a string wrapped round the 2-5-in.
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diameter axle. The weight falls 5 ft. in 8 sec. Find the tangential
frictional resisting force at the circumference of the axle assuming
it to be constant. The radius of gyration of the wheel and axle

is 7+75 in.
Let V=rthe velocity of the 50 Ib. weight after falling 5 ft.
w=rthe angular velocity of the fiywheel at same instant
T=the frictional torque

V=§x2=1-25 ft.[sec. -
_I25XI2
T 125
I=moment of inertia of wheel and axle

. 2
=MEk2=250x% (7_172_5) =104-2 lb.-ft.2

Number of revolutions made by wheel
—a2X12 _ .
—nxz-5“7 64 .
Energy lost by falling weight=50x5=250 ft.-lb~
. w 50 :
K.E. of weight=—V2= x (1-25)2=1-21 ft.-lb.
of weight=_V2=;3" x(125)

w?]  122x104:2
2 2x322
Energy lost in friction=7 x7-64x21w=48-0T

.. 250=1-21+233-0+48-0T

=120 radians/sec.

K.E. of wheel and axle= =233-0 ft.-1b.

;.._wig =0-329 lb.-ft.=3-g5 lb.-in.

104.

The total mass of a railway truck is 5 tons, of which 1 ton is
the mass of the wheels and axles. The wheels are 3 ft. 6 in.;
diameter, and the radius of gyration of each pair of wheels and
axle is 12 in. The truck starts from rest on an incline of 1 in 100.
Find the velocity and acceleration of the truck after travelling
a distance of 500 yd. down the incline.

The vertical height dropped through by the truck is5 yd.=15 ft.

Potential energy lost by truck (P.E.) equals kinetic energy
(K.E.) gained by body +kinetic energy (K.E.) gained by wheels.
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1
SXI5~644V2+64-4°)
But w:K
r
. =—5—V I Ve
RS YA Tl FE )

=_5~V2+___LV
75644 64 4><49

75=V* (644 64 4><49
Ve=906-7
V=301 ft.[sec.

Acceleration of truck Ve=u2 +2fs
In this case, #=0, s=1500 ft.

f=Y_2=_9_°§i

28  2X1500
=0-30 ft./sec.3

105.

The rotor of a hydraulic turbine weighs 25 tons and has a
radius of gyration of 5 ft. When running at 200 r.p.m., the rotor
is suddenly relieved of part of its load so that its speed rises
to 205 r.p.m. in 1 sec. Find the accelerating torque exerted,
assuming this uniform throughout the change of speed. Calculate
the change in the kinetic energy of the rotor.

Increase of rotor speed in I sec.
=205 —200==5 I.p.m.

.. Angular acceleration (o) =5——-———>;z“ radians/sec.’:% radians/sec.?
I for rotor="2ke= 25;22240 52=43,500 1b./ft.%/sec.3
Accelerating torque=1I1 x x=43,500x /6
=22,750 1b.-ft.
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Change of kinetic energy (K.E.)
=11 (we2—w,?)

2T X 20 .
w2:~—6—6—~5 =21-44 radians/sec.

21T X200 .
Wy==—p == =20'92 radians/sec.

.-. Change of kinetic energy (K.E.)
—143:590 (0,1 44250
=3 2240 (21-44%2 —20-922)
=214 ft.-ton.

108.

In a plate-shearing machine the shears derive their energy
from a fly-wheel. In shearing a particular plate 500,000 ft.-1b.
of energy is required, and this reduces the speed of the fly-wheel
from 300 to 200 r.p.m. Calculate the moment of inertia of the
fly-wheel about its axis, and assuming the mass of the fly-wheel
to be effective at 8 ft. diameter, estimate the mass of the wheel.

Let cw=angular velocity, radians/sec. at 300 r.p.m.
w;=angular velocity, radians/sec. at 200 r.p.m.

300X 2T .
Q=" == =10 radians/sec.

200X 27T
@="g

Loss of K.E. of ﬂy-wheel:z—Ig(oo’ —w,; %)

*. 500,000 ft.-lb.= I [(Io-rr)z——(Gg-n')’]
o , b=¢ 3

500,000 %644

I= 2 o _2. o
T (IO —(63) )
=58,750 1b.-ft.2
I=Mke
% in this case =4 ft.
... 58,750=M x 4%
M=3,672 1b. or 1-64 ton.

=6§'rr radians/sec.
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107.

An engine in starting exerts on the crank-shaft for T minute
a constant turning moment of 1200 lb.-ft., and there is a uniform
resisting moment of 600 1lb.-ft. The fly-wheel has a radius of
gyration of 4 ft., and weighs 2500 lb. Assuming that the only
inertia is that of the fly-wheel, what speed will the engine attain
after 1 minute from starting?

Let w=angular velocity required in radians/sec.
c;o =average angular velocity
Angle turned through in 1 minute==60 x%’: 30w radians

Work done on fly-wheel in 1 minute= (1200 —600) 30
=18,000w ft.-1b.
W (452259
K.E. of wheel= zg(4°°)2_64-4 X (4o)
2,500 X 1602

. 644
18,000x64-4 =w=29 radians/sec.
2500 X 16

29x60__
2w 277 T.pm.

.*. 18,000w=

108.
The crank arms and crank pin of a crank-shaft are equivalent
to a mass of 650 1b. at 1 ft. radius. The shaft is supported in two

b 5' >

T N

4 12750 Ib. Q
FiG. 40.

bearings 5 ft. from centre to centre, and the centre plane of the
crank is 2 ft. from the centre of one of the bearings. Find the
dynamical load on each bearing when the shaft is running at
240 r.p.m.
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Centrifugal force=mass xacceleration

—EXK or Km”r 1b.
4 14

4
M =81 radians/sec.

.. Centrifugal force= ;—5’—2 x (81m)2x1=12,750 Ib.
Let this force at any position of the crank be balanced by the
forces P and Q at the bearings (see Fig. 40).
Then, taking moments about P, we have:
3%12,750=0 X5
... 9=7,650 1b.
and P=5,100 1b.

109.

A metal cylinder, with its axis vertical, weighs 2 lb. and falls
vertically through 6 ft. on to a similar cylinder weighing 6 Ib.,
which is supported on a spring. Find the speed with which the
two bodies move downward before the effect of the spring
retards the motion. How much of the energy is converted into
heat in the impact?

Here potential energy is converted into kinetic energy.

So if v=velocity of 2 1b. cylinder at impact, we have:

K.E.=PE.
ZXVE ;%6 ft.-1b.
2x322
pe=? x6x64-4
2
or v=19-6 ft.[sec.

Momentum before impact=momentum after impact
. 2X19-6=(2+6)v,
Where v, =velocity of the two cylinders immediately after impact.
v1=2—x—;9—6=4-9 ft./sec.

K.E. immediately after impact= X 4-92=2-9g ft.-1b.

2X322
Loss of K.E. at impact=12 ft.-lb. —2-g ft.-lb.=g-3 ft.-lb.
This is converted into heat.



CHAPTER XI

110.
A motor car weighing 25 cwt. is moving at 3o miles per hour.
What is its momentum in engineers’ units?

Mass=w——&—e; ht

Mass of car=232112
322
... 30x5280_
Velocity= “Eonbo —H ft. per sec.
Momentum:w x velocity in ft. per sec.

__25XII2 _ .
=322 X 44=3826 units.
111.

A truck weighing 10 cwt. is moving at 10 miles per hour.
After 30 sec. it is moving at 20 miles per hour. What is the
average force acting upon it during this time?

Change in velocity=20—10=10 miles per hour
__10x5280
~ 6ox60

Change in mornentum:z%:;.;z12 x 14-66=34-8 units

=14-66 ft. per sec.

Average force=§§%§=1-16 1b.

112,

A train travelling at 45 m.p.h. is pulled up gradually, the
retardation being 3-5 ft./sec./sec. (@) How far will it travel
before coming to rest? (b) If the retarding force is 70 tons, what
is the weight of the train?

45 m.p.h.-—--‘%%g—{?:% ft. per sec.

V=42 —2fs
.+. 0=66%—2x3-5xs

S=6—6-.=622g ft.
7
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Let W=weight of train in tons

Mass of train=W—;ﬁ%‘&0 units
P=mf
W %2240
.t 70)(2240:? X35
W=7—();—:9’52—2=644 tons.

113.

A train weighing 400 tons has a frictional resistance of 2o Ib.
per ton. What average pull will be required if it is to attain
a speed of 60 m.p.h. from rest in 4 min. on the level, and what
will be the horse-power required at the end of this time?

60 m.p.h.=88 ft. per sec.
Acceleration (average)=g§—i—4 =0-366 ft. per sec./sec.

Accelerating forcezﬂ%—zzg—o x 0+366=10,180 1b.

Force required to overcome frictional resistance
=400 x20=_8000 lb.

.. Total pull==8000 +10,180=18,180 1b.
18,180x 88

Horse-power=
orseP 550

=209 h.p.

114.

A motor car weighing 30 cwt. has to attain a speed of 30 m.p.h.
in 30 sec. from rest up an incline of 1 in 50, the frictional resist-
ance, etc., being 1 1b. per cwt. What is the minimum horse-power
required?

Force required to overcome friction=30x1=30 Ib.

Force required to overcome gravity=W sin «

Where W=weight of car, and a=the angle made by the

incline with the horizontal, where o is small, sin a=tan «,
very nearly.
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.. W sin a=W tan cr—3oxnzx§— =67-2 1b.
Acceleration is 44 ft. per sec. in 30 sec.
=4
=3 ft. per sec. per sec.

Mass x acceleration=accelerating force

395—:———1212 44—-:11cceleratmg force=153 lb.
Total force required=67-2 +153 + 30=250-2 lb.

=20 h.p.

Horse-power= 3—505: X4

115.

A lift has an upward acceleration of 4 ft. per sec./sec. A man
weighing 170 1b. is in the lift. What force will he exert on the
floor of the lift? If the lift is descending with the same accelera-
tion, what force will the man exert on the floor of the lift?

Since action and reaction are equal and opposite, the man
exerts a downward pressure equal to the upward pressure of the
floor on the man. The upward pressure must exceed the man’s
weight by an amount equal to that required to give him an
acceleration of 4 ft. per sec./sec.

Upward pressure (lift ascending)=170 +mass x acceleration

= I70 4—
1704-32 5 <4=191°1 Ib.
When the lift is descending the upward pressure will be less

than the man'’s weight.
-. Upward pressure (lift descendmg)—-17o— 7 x4—148 1b.

1186.

A train has a mass of 400 tons. The frictional resistance is
15 1b. weight per ton. What steady pull must the engine exert,
if the speed on the level is increased from 20 to 60 miles per hour,
in 2 min.?

Let T=pull required in 1b.

F=total frictional resistance lb.
P=resultant force producing acceleration in lb.
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Then P=T—F=’—Zf

F=400x15=6000 1b.
Initial velocity=20 m.p.h.=8—3§ ft. per sec.
Final velocity=60 m.p.h.=88 ft. per sec.

88

Acceleration=f=88_—- 176
—= 360

120

P=T—F='—§f

ft. per sec./sec.

400x2240 176
322 360
T =6000+13,600=19,600 1b.=8 tons.

. T —6000=

117,

The mass of a train is 400 tons. The frictional resistance is
15 Ib. weight per ton. Its speed at the top of an incline of 1 in 100
is 60 m.p.h., and the incline is 1 mile long. If the train runs down
the incline with steam shut off, what will be its speed when it

reaches the bottom of the incline?
Resolving the weight of the train W into two forces T and R,

one parallel to the plane, the other perpendicular to it, we have:
T=W sin oz=W tan o (where « is small)

T=400x2240X _1? =8gbo Ib.

F=400x15=6000 lb. \/
P=T —F=_8960—6000=2g960 lb.

_
g

. Pg_2960x32-2 )
f——j—————4oox224o =0-111 ft. per sec./sec
Initial velocity #=60 m.p.h.=88 ft. per sec.
v2=u? +2fs
... v12=882 +2%x0-11T %X 5280
v=1/88% +0-222 x5280=044 ft. per sec.
=64-3 m.p.h.
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118.

The head of a sledge-hammer weighs 14 1b., and is moving at
15 ft. per sec. It is brought to rest in s#s sec. Find the average
force of the blow.

Change of momentum= 31742- x15=06-5 units
Change of momentum per sec.=average force

I4x15. T =
322 300 average force=1957 lb.

119.

A steam hammer weighs 5 tons, the piston of which has a
diameter of 6 in. If the effective steam pressure is 100 lb. per
sq. in., find (1) the acceleration with which the hammer comes
down, (2) the velocity of the hammer after it has fallen 2 ft.,
and (3) the average force of the blow if the hammer is brought
to rest in s¥s sec.

Total weight—=weight of hammer +total steam pressure on piston
0-7854%x6x6x 100

=5+ =626 tons
2240
Force .
=acceleration
Mass
626 x 2240
.. f= 5x2240 =40-3 ft./sec.?

32-2
v?=u2 +2fs; in this case, initial velocity =0
.. v=4/2X40-3X2=24/40'3=6-3 ft. per sec.
Change of momentum=mass x change of velocity

=—W><V
4

__5X2240
T 322
Average force=change of momentum per sec. + steam load
=5—x—2—2i°x6'3—:——1- Ib. +1-26
322 300
__5x6-3x300
T 322

x6+3 units

+ 1-26=2948 tons.
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120.

A block of iron 2 in. by 3 in. by 2 in. is fixed to the arm of
a wheel, its centre of gravity being 2-5 ft. from the axis. If the
wheel is rotating at 1000 r.p.m., what is the force tending to
fracture the fastening? (1 cub. in. of iron weighs 0-26 1b.)

Weight of block (W)=2x3x2x0-26=3-12 lb.

Centrifugal force=lg¥-z=force on fastening

V=2mx2j5 xz—g%9=261-7 ft./sec.

WV2_ 3-12x(261-7)2
gr = 32:2x2°5

Force on fastening= =2654 Ib.

121.

A crank 18 in. long is driven
by a piston, and rotates at 180
r.p.m. What is the acceleration
of the piston when it is 2 in. from 0 X
the end of the stroke? (Assume
motion to be simple harmonic.)

Fig. 41 illustrates the position
of the piston X, 2 in. from the
end of the stroke.

Fic. 41.
Acceleration=—l—? X Qf—(
where r=radius of crank

=15 ft.

and V=211'><I—8x5—89=28~26 ft./sec.
12" 60
0X 18—2
r 18

Acceleration:g%%z’sﬂz X ;—g=473'1 ft./sec.?



CHAPTER XII

122,

A beam is 15 ft. long and is simply supported at each end.
It carries loads of 2 tons and 4 tons at points 3 ft. and 8 ft.
respectively from the left-hand support.

(@) Draw to scale a shear force diagram. State the value and
position of the max. shear force.
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(b) Draw to scale the bending moment diagram. State the
value and position of the max. bending moment.

Fig. 42 represents to scale—1x ton=#$ in. the shearing force
diagram for the beam.

The max. S.F. equals 3-467 tons at the left-hand support.

The bending diagram is drawn to a scale of 10 ton.-ft.=11in.,and
the max. B.M. is found to equal 17-71 ton.-ft. at the 4-ton load.

123.

A cantilever 10 ft. long is loaded as follows: 5 tons 3 ft. from
the wall, 2 tons 5 ft. from the wall, and 1 ton at the free end.
Calculate the bending moment and shearing force at each load

4 5 TONS | 2TONS 1 TON
3 y : ¥
Fqe—3"—~ J
E i = 10’
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Fi16. 43.

and at the wall, and draw the bending moment and shearing
force diagrams.
The loading of the beam is shown in Fig. 43.
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B.M. at wall=3x5+5x2+I0XI=35 ton-ft.
B.M. at 3 ft.=2x2+7XxI=1I ton-ft.
B.M. at 5 ft.=5x1=5 ton-ft.

S.F. at wall=5+2+1=8 ton

S.F. at 3 ft.=2+1=3 ton

S.F. at 5 ft.=1 ton

The bending moment and shearing force diagrams can now
be drawn.

124.

A rectangular wooden beam 12 ft. long has a breadth of 6 in.
and a depth of 12 in. It carries a load of 30 cwt. at the middle
of the span, and is simply supported at the ends. Calculate the
greatest stress in the beam.

Since the beam is simply supported and centrally loaded, the
reaction at each end will be half the total load 15 cwt.

The greatest B.M.=:—c5) X 523 x I2=54 tons-in.
. bdz
Bending moment=fx &
Where f=maximum intensity of stress, d=breadth and
d=depth. .
BM 54
.+. f=bd® =6x12%=0-38 tons/in.?
6 6
125.

A rolled steel I section girder 20 ft. long has the following
dimensions: overall depth, 20 in.; overall width, 8 in.; thickness

-2 TONS/ft
P
20'
'R,20 T 20T*R,
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of web, 0-5 in.; thickness of flanges, 1 in. It is supported at each
end and carries a uniformly distributed load of 2 tons per foot
run. Determine the longitudinal stress.

Fig. 44 represents the section and loading of the beam.

M_f
Iy
where M =the bending moment, 1b.-in.
I=moment of inertia of section, about the neutral axis in
inch units

JS=stress in 1b./sq. in. due to bending at a distance y from
the neutral axis

__BD3—bd® 8x20%—7-5%x18%

Tox =1686 in.4 units
12 12
M=WTL=Z—Qi§—>-<—29=IOO ton-ft.
=1200 ton-in.

M I1200XI10_ .
. .f_.T xy="Tegg —7'11 ton/sq. in.

126.
A simply supported beam spans 20 ft. It carries a uniformly
distributed load of 100 Ib. per foot for the first 8 ft. from the

s 300 ll:.v
fe— 8 — 5’ —>
20 >
A A
Ro RZ
Fi1G. 45.

left-hand support, and a concentrated load of 300 Ib. 15 ft.
from the left-hand support. Determine the value and position
of the maximum bending moment. If a rectangular section beam
gin. deep and 4 in. wide is used, what is the maximum stress in it?

Fig. 45 represents the loading.

To find the reactions R, and R,, take moments about support
R,; then ’

D
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20R;=300x15+800x 4
R;=3851b. R,==7151b.
By drawing the B.M. diagram we find
Max. B.M.=2556 1lb.-ft. 7-15 ft. from left-hand support

M_f
Iy
I=1—‘>1II—2)-'=‘1§£—8=243 in.¢ units
M. ,_2556x12 9_ ;
Jfmax.= Tx0= 243 x2_555 1b./sq. in.

127.

A girder spans 2o ft. and is freely supported at each end.
It consists of a 14-in. by 6-in. B.S.B. with a plate 10 in. by
I-5 in. attached to each flange. Ixx for the B.S.B. is 53334 in.4
units. The weight per foot of the compound girder is 150-5 Ib.
What is the maximum uniformly distributed load in Ib./ft.

i‘ r/o:/le

F1G. 46.

which the girder can carry in addition to its own weight, and
a concentrated load of 1 ton at the centre of the span? Maximum
allowable stress intensity equals 5 ton/sq. in.

Fig. 46 shows the section of the beam and the method of

loading.
Total moment of inertia about axis xx

=Ix=533'34 +2(§ﬁ£ﬁ£ +IOXI'5X (7-75)')
=2340-84 in.¢ units
Let the total distributed load per foot run=w lb.
To find the reactions R; and R; we have:

22 20w
R;=Rg= —;4-" +T=(xxzo +10w) Ib,
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M ez at centre of span=(1120+I0w)10—10®w X 5 Ib.-ft.
=1¥,200 +50w lb.-ft.

M_J
Iy
. =IxI=5xzz4ox234o-84
y 85
=3,083,000 lb.-in.

.*. (11,200 +50w)12=3,083,000
w=3,083,ooo——12 X 11,200
I2X50
.. Distributed load in addition to weight of beam

=49I3—150-5=4763 1b.-ft.

=4913 Ib.-ft.

128.

A floor has to carry a load of 3 cwt. per square foot. The floor
joists are 12 in. deep and 4-5 in. wide and have a span of 14 ft.
Determine the distance apart, from centre to centre, at which
these joists must be spaced if the maximum stress is not to
exceed 1000 lb. per sq. in.

Let d=distance in feet between centres of joist
Area of floor supported per joist=14xd sq. ft.
Total distributed load per joist==3x112x14Xd lb.

=3364d 1b. per ft.
Maximum B.M.=—’£g—a=:'mé§i =42 x14%d 1b.-ft.
I for ]oxst.—B-£ —‘1—5—;93 =4-5 X 144 in.* units
M
f=—f><y

=2_6 in.

2
- moo--i———“——‘MI *xd)x12, 6
4°5X144

__ 144,000%4-

T 42x14*x6x 12 223 ft.
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129.

The compression flange of a cast-iron girder is 4 in. wide and
1-5 in. deep. The tension flange is 12 in. wide by 2 in. deep, and
the web 10 in. by 1-5 in. Find (a) the distance of the centroid

4" _J:‘_‘f
7

s 2 )8 I T
5 h =2

__&w__*&
LN l
l | ™
< 12— |

Fi1G. 47.

from the tension edge, (b) the moment ot inertia about the
neutral axis, and (c¢) the load per ft. run which may be carried
over a 10-ft. span by this beam simply supported at its ends
without the skin tension exceeding I ton per sq. in. What is
then the maximum intensity of compressive stress?
Fig. 47 represents the section of the C.I. girder.
Total area of section
=4XI5+I'5XI0+2XI2
=45 sq. in.
Taking moments about the base, we have:
45xY...(szz)xx+(xox1-5)x7+(4x1-5)x12-75
205°5

——4‘5— =457 in.

To find the moment of inertia about N.A., we have:
INA____xzx4-57' 10-5><2-573+ x8-93% 2:5%x7-
3 3 3 3
=381-76—59°4+950—342
=930-36 in.+ units
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Maximum bending moment for uniformly distributed load
_wl* wx(rox12)2
8 8
M_f
Iy
. wx(10x12)2 I
" 8x930-36 457
___8x930-36
" 4-57%x(10x12)?
w=0-113 ton/in. length=1-355 ton/ft. length

Since stress is proportional to distance from N.A,,
Maximum compressive stress

=Z—'Is—,}><8-93=1~94 ton/sq. in.
130.
A rolled steel joist 16 in. deep, with flanges 6 in. wide and
1 in. thick, the web being o0-75 in. thick, is used to support a

e b >|
l = l')(

}(— a/z.——# I
A =

!
v —NgpA

’o. "
— f— 5
l 5
” L JL
e 6 N
Fic. 48.

uniformly distributed load of 2 ton per ft. run. If the span is
12 ft. 6 in., what is the maximum direct stress in the lower flange?
Fig. 48 illustrates a section of the beam.
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Moment of inertiaabout NA. =l =— ——

=6x16‘ 5'25><I4'=843 in.¢ units
12 1z

I

Maximum B.M.=‘-"§

where w=1load per ft. run

BM:Q‘M’

12x8
M_[
y

. My _2x(150)*x8 ;
S = k8 x 848 — 442 tonfint

131.

A beam is freely supported in the horizontal position and
spans 20 ft. It carries a total load of 5 toms. Calculate the
maximum bending moment and shearing force on the beam:
(1) when the load is concentrated at the middle of the span,
(2) when the load is uniformly distributed over the span, and
(3) when the intensity of loading increases gradually from zero
at one end of the span.

(1) B-M.mar= 22 =5%2%_ 1< ton-tt.
4 4 =
W_s5_,.
Smaz.= 2 —2—2 5 tons
(2) BM an = =352 125 tont.
_W_s5_,.
Smax.= 2 —2—2 5 tons
3) B.M.m=2—-W—£:=O'128WL==O-128X5 X 20
9v3
. =128 ton-ft.

132,

A bar of mild steel is 10 ft. long and o0-75 in. diameter. Deter-
mine the instantaneousstress induced in the bar when a weight of 30
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1b. falls freely from rest through 8 ft. and is then suddenly pulled
up by a collar on the end of the bar. E=30x108® lb. per sq. in.
Fig. 49 represents the arrangement.

Work done by load=W(h +x)
Where W=the weight 30 Ib.
h=height through which it falls
x=the elongation of rod

AAMLANLNLANAMD \\\\\)

-

-
L] |l |

L o- "
S 75

10"

e - - o - e o Px

F1G. 49.

If f=maximum stress induced in rod
A =cross-sectional area of rod

Then W(h +§)=; fz%’

fx1zo\ 1 A oT.9
.. 30f 12x 8+ E )—szx4x16x120

12 x 8 x (30% 108%) +fx 120=0-88*
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This is a quadratic equation in f which can be solved in the
usual way.
f=57,275 lb./sq. in.=25-5 ton/sq. in.

133.
Determine the maximum tensile and compressive str-

intensities in a beam, the section of which is shown in Fig. 5

—%

Fi1G. s0.

which is simply supported over a span of 12 ft., and carries a

uniformly distributed load of 112 1b. per foot.
First find the neutral axis N.A. by taking moments about

A.B. and let x=distance N.A. from A.B.
(6x0°5+5-5%0-5)x=(6x0-5)0'25 +(55x0°5)325

Then
.. 575%=0-75+8-938
x=L68-§=I-7 in.
575

The moment of inertia Ix.a.

=3P 16 5x (rgg)r+ 2By 555 (x-59)8
==+062 +6°3 + 13:864 + 6:607=26-83 in.¢ units

Maximum B.M.

=11/8L’=(112x182) X128 4,190 Ib.-in.

Let Jfe=maximum tensile stress intensity
Jfe==maximum compressive stress intensity
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Then f;=1L§-2
where y=1I-7in.

fi 24,:9608><I 7___1532 1b./sq. in.=0-68 ton/sq. in. tension

f"= 7
where y=4-3 in.

fo= 24, :9608);4 3_3891 1b./sq. in.=1-7 ton/sq. in. compression.

134.

A rolled steel joist 8 in. deep has flanges 5 in. wide by o0-75 in.
thick. Find the maximum span that may be used, if the maximum
intensity of stress is not to exceed 6 ton/in.2 and the beam carries
a uniformly distributed load of 1-5 ton per foot run.

Let /=Ilength of span in feet, and w=Iload per foot run

Maximum bending moment will be at mid-span and

wl?
=5 ton-ft.

wi2l2 .
=3 ton-in.
BD3 —pd?
12
__5%x82—4-25%(6-5)3
o 12

Moment of inertia I for beam=

=116 in.*

Modulus of resistance (2)=1I, / g

__I16x2
-8
Bending moment=moment of resistance=fZ
where =max. intensity of stress

. I_-&Lﬁng

8
6x8ng
I'5XI2 =773

i=g ft. approx.
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185.

A steel rod, 1 in. diameter, is subjected to an axial couple of
120 lb.-ft., and is found to twist through an angle of 40" measured
over a length of 10 in. Calculate the rigidity modulus.

T_co
Iy !
where T =twisting moment in lb.-in.
I,=polar moment of inertia of section
é ==rigidity modulus in lb./in.2
©=angle of twist in radians in a length of / in.
T=120x12 lb.-in.

11,-_-1’74—_—3(0-5)4 in units

40
6= 6—x1—8— radian

l=10 in.
Txl 120x12xT10x2%x60%180

Ipx8@  Trx(0°5)¢x 40X T x2240
=5805 ton/in.?

- C=

136.

What is the maximum horse-power that can be safely trans-
mitted by a hollow shaft, 10 in. external diameter, and 8 in.
internal diameter, at 300 r.p.m., if the shear stress in the material
is limited to 6000 1b./sq. in.?

Let R=external radius of shaft in inches

r=internal radius of shaft in inches

[fs=shear stress in 1b./sq. in. at a radius R in.
Ip=npolar moment of inertia of section in inch units
f‘=twisting moment in lb.-in.

Then T=~fi1€£

-_——(R‘——r") -—%(D*——d‘):%(xo‘—&)

- %(10,000_4090) =580 in.¢ units
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__6000x580

Sx12 =58,000 lb.-ft.
2nNT
Horse-power=
33,000
21T X 300 % 58,000
h.p.zm‘—g—w——‘gg——" =3320 hp.

137.

Find the maximum stress in a propeller shaft 16 in. external
diameter and 8 in. internal diameter when subjected to a twisting
moment of 1800 tons/in. Compare the strength of this shaft with
a solid one of the same material and weight.

_Sslp
T="¢
TR
f_‘.__I7

=T pDe—gay—T0 (166 —
Tp=(D—d4) =7 (164 —8¢)

Ip=6030 in.¢ units
1800 x 8
fs=

6030
Tho“aw=‘§$ :—r(R‘ —7é)

=238 ton/sq. in.

Tua=fsy Ra®
Where R,=radius of solid shaft in inches
Since fs is the same for both shafts, we have:
Thotlow__ Ré—7¢
Twua ERxR;?
And since the weights are the same
R2=R3—pt
Thollov__R’ +78
Tewsa RR,

Let n=£
I 4
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Then Thollcm R n’ _ME+I
Toia- ”’ T a1
Strength of hollow shaft_ 7241 (@)

" “Strength of solid shaft  x+/n*—1
Substituting #=2 in (1), we have

Strength of hollow shaft 22+1 5
Strength of solid shaft ~— 24/22—1 24/3

=1'44.

138.

A shaft is required to transmit oo h.p. at 75 r.p.m. What
diameter must it have in order to limit the shear stress to 8ooo Ib.
per sq. in. if the maximum torque exceeds the mean by 30 per
cent.? The modulus of rigidity is 12,000,000 lb. per sq. in. Cal-
culate the angular twist on a length of 5 ft.

Horse-power to be transmitted:%%ﬂ
T __33,000xh.p.x1-30x12
TroT e 2mN
T par =332 XZI:::;; '30X12 111,800 Ib.-in.
Torque= T;lg 3f s
.. III 800——M
TSR 16
The angle of twist: Z_CG
Iy 1
. p=Tt
t _Ipc
111,800%5 X 12
=M§_’22)_‘12 X 108

.. §=0-01937 radian.
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139.

What horse-power may be transmitted by a solid shaft 3 in.
diameter, when running at 120 r.p.m.? The shear stress must not
exceed 8000 1b. per sq. in. If the modulus of rigidity is 13,000,000
Ib. per sq. in., what will be the angle of twist over a length of

6o ft.?
Torque=f LLtAY 82991"11_51. =42,4710 lb.-in.

h,p,=2ﬂN§=w=go.76
33,000x12

33,000
From the torsion equation,
T_fs_Co
C=rigidity modulus in lb./sq. in.
©=angle of twist in radians in a length of / in.

f:__ﬁ_
J
fsi _ Booox60x12

TRxC 1 *5 X 13,000,000
8=0-2954 radian=16-92°.

140.

A close-coiled helical spring is to be made of coils each 3 in.
mean diameter, from wire of 0-25 in. diameter, and of such a
stiffness that it will elongate axially o-5 in. for an axial pull of
15 1b. How many coils will the spring have if the modulus of
rigidity of the material is 13,000,000 lb./sq. in.?

Fig. 51 illustrates a close-coiled helical spring.

Let R=mean radius of the coils

W=axial load
S=axial deflection
0=angle of twist of the wire
d=diameter of the wire
n=number of coils
=modulus of rigidity
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FI1G. 5I.

Work done by W=resilience of the spring
- Iws=1Te
2 2
T
8=WQ
_4WRn
But 0= o
_4WR3n_64WR3n
T Crt T Cas
. g CA*B__ 13X 10°x0:5x(0-25)4
" 64WRYT  64x15x%(1°5)8
n=17-8 coils.

8
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‘ ..« oi vae bolt circle of a shaft coupling is 12 in., and
# o+ %dse 10 bolts each 1 in. diameter. What horse-power can be
«ransmitted by the coupling at 100 r.p.m. if the shear stress for
the bolts is not to exceed 3 tons per sq. in.?
2 2
Area of each bolt=1——:—f—=£-:—1=o'7854 sq. in.
Force on each bolt=3x2240x0-7854=5277 1b.
Torque due to each bolt=5277x12=63,324 1b.-in.
Total torque on coupling=63,324 x 10=633,240 Ib.-in.
=52,770 1b.-ft.

52,770 X270 X T00

h.p. transmitted=
33,000

=10,060 h.p.

142,

A closely-coiled spiral spring has zo coils. The mean diameter
of the coil is 3 in., and the diameter of the wire from which the
spring is made is 0-25 in. Calculate the axial load that must be
applied to the spring if it is to be elongated 4 in. The modulus
of rigidity is 12,000,000 1lb. per sq. in.

From Question 140 we have:

_4WR3n
8= Cre
8=4 in.

0-25

r=—7=0-125 in.
2 5

R=§=x-5 in.

__Cr8 12,000,000 % (0-125)4x 4
T 4R 4x(1-5)3x20
W=339-3 Ib.

4
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143.

Turpentine boils at 159° C. and freezes at —10° C. What are
these temperatures on the Fahrenheit scale?

To convert Centigrade readings into Fahrenheit readings, we
have:

F.=9C.+ 2
5 3

.«. 159° C.=9/5 x159+32=318-2° F.
—10° C.=9/5x (—10) +32=14° F.

144.

The melting point of cast iron is 2192° F., and of tin 450° F.
What are these temperatures on the Centigrade scale?

To convert Fahrenheit readings into Centigrade readings, we
have:

C.=3(F.—32)

.~. 2192° F.=5/9(2192 —32)=1200° C.
450° F.=5/9(450—32)=232"1° C.

145.

A steam pipe is 100 ft. long at 60° F. What will be its length
when full of steam at 400° F.? Take the coefficient of linear
expansion of the pipe as 0-0000066.

The coefficient of linear expansion @
change in length

=origi.na1 length x change in temperature

_Ly—L,
or a= LiT—1) T—9
where L ;=length at ¢°

Lr=Ilength at higher temperature 7°

.». Increase in length Ly—L;
=axL(T—¥)
=0-0000066 x 100(400 —60)
==0-0000006 X 34,000
=0-2244 ft.

.*. New length=100-2244 ft.
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148.

The dimensions of a room are 20 ft. x 15 ft.x 12 ft. What is the
weight of dry air in the room when its temperature is 20° C.
and the pressure is 75 cm. of mercury? I cu. ft. of dry air at
0° C. and 76 cm. of mercury weighs 0-081 1b.

Volume of room=20x15x12=3600 cu. ft.

By Gas Law Povo=RT,
where T =absolute temperature
. olo__ To

val T1

where po=pressure at 0° C.
vo=volume at o° C.
pi1=npressure at 20° C.
v;=volume at 20° C.
.. To find the volume that the 3600 cu. ft. of air will occupy at
0° C. and 76 cm. of mercury

—p P15 L 75, 273+0
Yo="1 xp T1_36°°x76 273+20
=3388 cu. ft.

Weight of air=3388x0-081=2744 1b.

147,

A block of metal weighing 30 1b. and at a temperature of
780° C. is to be cooled to a temperature of 60° C. by immersing
it in cold water at a temperature of 10° C. What is the minimum
weight of water required? Specific heat of the metal=0-08.

Let W=weight of water in 1b.

Heat lost by hot body=heat gained by cold body
*. 30x0-08(780°—60°) =W x (60°—10°)

148.

A piece of metal weighing 57-5 gm. at a temperature of
100° C. is placed in a vessel containing 225 c.c. of water at 15° C.
If the specific heat of the metal is 0:12, to what temperature will
the water rise, assuming no heat lost to the vessel? Also, what is
the water equivalent of the piece of metal?
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Let ¢=temperature in ° C. to which the water will rise
Heat lost by hot body=heat gained by cold body
575X 0°I2 X (100 —f)=225(t—I5)
690—6-9t=225t—3375
690 +3375=225¢+69¢
17-5° C.=t¢
Water equivalent=massxsp. ht.=57-5x0-12

=6-9 gm.

149.

A ball of platinum weighing 100 gm. is placed in a furnace.
When it has acquired the temperature of the furnace it is quickly
transferred without loss of heat to a vessel containing water at
15° C. The temperature rises to 18° C. If the weight of water and
water equivalent of the vessel is 500 gm., what is the temperature
of the furnace? Specific heat of platinum=0-036s.

Let t=temperature of furnace in degrees Centigrade

Heat lost by hot body=nheat gained by cold body
100x0-0365(t—18)=500(18 —15)
3-65t—65-7=1500

t=392-9° C.

150.

The frictional force produced by a brake on the circumference
of a 3-ft. diameter brake drum, rotating at 100 r.p.m., is 500 1b.
What quantity of heat is produced per second?

Work done by brake per sec.

=force x circumference xr.p.s.
=500X TrX3X I76‘2)—‘—’::7850 ft.-1b. per sec.
Hence heat produced per sec.

=785° .6 C.H.U.
1400

or =18~59=xo B.Th.U.
778  ——
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182,

If the mercury barometer reads 78 cm., what will be the
pressure in ft. of water and lb. per sq. in.? Specific gravity of
mercury=13-6. I cu. ft. of water weighs 624 Ib.

78x13-6=1060-8 cm. of water

Izt‘SSOArB =417-6 in. of water—--4 7 6_ =34-8 ft. of water
wH=624x348=2171"5 lb./sq. ft.
ZIZ’;S =15-8 1b./sq. in.

183.

A U-tube is connected to two points in a horizontal water
main in order to measure the difference in pressure at the two
points. The difference in level of the mercury surfaces in the
two limbs of the U-tube is found to be 10-5 in. What is this
difference in pressure if the sp. gr. of mercury is 13-6?

Let the pressures at the two points be p, and p, respectively.

Then the difference in pressure in feet of water
_Pr—Ps_ ;.
=624 =h(s—I)
where h=difference in level of the liquid in the U-tube in feet
and s=sp. gr. of the liquid.
.. P_I:E°=,I£§(I36_.I)

62-4
Pr1—pe=ZAIOSXTEO g gy
62 . . )
pr—pr="A0 154212 ® 477 Ib/sq. in.

184.

The ram of a hydraulic press is 6 in. diameter, and the diameter
of the piston is 0-75 in. What load can the ram lift if the force
on the piston is 30 Ib.?
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Let A=area of ram
a=area of piston
W =weight lifted by ram
F=force acting on piston

Since the intensity of pressure is the same throughout, we have:

w_r
A a
30x w62
w=FA____ 4
a m(0-75)2
4

W=19z0 1b.

185.

The leverage of the handle of a hydraulic jack is 20 to 1. What
must be the ratio of the diameter of the ram to the diameter of
the piston which is worked by the handle, if a force of 30 Ib.
applied to the handle is to lift a load of 1 ton? Assume the
efficiency of 80 per cent.

Force on piston=20x30=600 1b.
600
Intensity of pressure in water p=Ta® 1b./sq. in.
4

where d=diameter of piston in inches
Let D=diameter of ram in inches

600 _ 2240
T

4 4

D2 2240

42~ 0-8x600
D " 2240 _2240__p.y5.
0-8x600
1886.

A pump ram has a stroke of 3 in. and a diameter of 1 in.
The pump supplies water to a lift which has a ram of 6 in.
diameter. The force driving the pump ram is 1600 lb. Neglecting
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all losses due to friction, etc., find (4) the weight lifted, (b) the
work done in raising it 10 ft., and (¢) the number of strokes
made by the pump while raising the weight.

a2 TTX 12

Area of ram=T=—4--—-=o-7854 sq. in.
Area of the lift rm=¥2=§;3r—w=28-27 sq. in.
Weight lifted W=£8%§;@9=57,578 Ib.

Work done=57,578 x10=575,780 ft.-lb.
If N=number of strokes
Nx f—’2~ x 1600=575,780
N=1439-45 strokes.

187.

A water tank is 4 ft. long, 2-5 ft. wide and 25 ft. deep, and is
full of water. Find the total water pressure on (1) the bottom of
the tank, (2) the side of the tank. Take water at 62-4 Ib. per cu. ft.
Depth of c.g. of bottom below surface of water

=2-5 ft.
Pressure at depth of c.g.=2-5x62:4=156 1b./sq. ft.
(1) Total pressure=area x pressure=4 x2-5x156=1560 lb.
(2) Depth of c.g. of side below surface of water

=25_,.
== =T 25 ft.

Pressure at depth of c.g.=1-25x62-4=%8 1b./sq. ft.
Total pressure=area x pressure=4x2-5x78=%80 1b.

188.

A water tank is 10 ft. broad in a direction perpendicular to the
diagram (Fig. 53), which shows the elevation is 10 ft. deep. Find
the total pressure on (I) the bottom of the tank, (2) the sloping
side of the tank, and (3) the vertical end of the tank, when the
tank is full of water.
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¢

[ 30

Fi1c. 53.

Total pressure on bottom of tank:

Depth of c.g. below surface of water
=10 ft.

Total pressure=area x pressure
=I0XIOXI0X62'4=62,400 lb.

Total pressure on sloping side of tank:
Depth of c.g. below surface of water
10
Length of sloping side=10+/2=14-14 ft.
Total pressure==area x pressure
=1I4'I4XI0X5%x62:4=44,168 1b.
Total pressure on vertical end of tank:

Rectangular area=10x10=100 5q. ft.
Depth of c.g. below surface of water

10
Total pressure=area X pressure=I00 x5 x62+4
=31,200 lb.
Area of two triangles=2 xI10Xx10x0-5=100 sq. ft.
Depth of c.g. below surface of water

10
=—==3-33 ft.
3 333

Total pressureon these triangles=area x pressure
=I00X3-33%x624
=20,779 1b.

Total pressure=20,779 +31,200=51,979 1b.
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189.

A vertical flap valve in a dock wall closes the end of a 4-ft.
diameter pipe. The pressure at the centre of the pipe is equal to
a head of 1o ft. of water. Find (a) the whole pressure on the
valve, and (b) the centre of pressure.

Total pressure on plate=wAzx

=64><£4d—2x10=64xw><10

=8038-4 1b.

Is=moment of inertia of figure about a hori-
zontal axis through its centre of area
I,=—moment of inertia of figure about the
water line
To=Ic+Ax2
4
I,,=Ef— +TTR2 X 102=4041TT

If h=distance of centre of pressure from surface

that is, o' ft. below centre of valve.

190.
A rectangular sluice gate 6 ft. wide by 4 ft. deep is inclined at
an angle of 60° to the water surface, and its top edge is 5 ft.

(o]
] L] T 260. -7 =
‘ . ’)‘
!

}

>~ ’
Q. -R

|

) /
Gl
v/ ’
Fi1G. s54.

below the water level measured vertically. It is hinged along its

top edge. What is the minimum force applied to its bottom edge
uired to open it?

lui-'ig. 54 represents diagrammatically the sluice gate.
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Let D=depth to centre of pressure
I,—=moment of inertia about water line
A=area of surface
y=vertical depth to centre of area

Then D:M

Ay
Jy=5+2 sin 60°=6-732 ft.
I o=IG.—§- Ajf
sin® §

s VP
=4 (kc + g;re)
sm26 kg sinz © _
D= A(ka +sm23) =4y

y
_(SR)2__16
ke= 12 12
_1333sin°6 ¢ 6.
D= 6732 +6-732=6-881 ft.
Let P=total force due to water on gate
F=minimum force required to lift gate
Then P=wAy=062-4x6x4x6-732
Taking moments about hinge R,
FxSR=PxQR
SR=4 ft.
—D=s5)
QR"sin 60°
4F=(62-4x6x4x6-732) X217
F=5470 1b.=2-44 tons.

—=1-333 ft.2

=2-17 ft.

161.

A circuar conduit, 6 ft. diameter, which just runs full, is fitted
with a sluice gate. It is required to balance this gate about a
horizontal axis. Show that this axis should be 2 ft. 3 in. above
the bottom of the conduit.

For the gate to balance it must be pivoted at the level of the
centre of pressure.
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Depth from top of conduit to centre of pressure
k2
B
Where k=radius of gyration of gate about a horizontal axis
through top of conduit

y=depth of centre of area of gate below top of conduit
kzzr‘z +r2
where  r=radius of conduit
j=r
Depth of c. of p.=(}+1)r=1}x3=375 ft.
Height of pivot above bottom of conduit

=(6—375) ft.
=2-25 ft.

Height of pivot above bottom of conduit
=2 ft. 3 in.
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192.

A cruiser weighs 10,000 tons. When a load of 50 tons is shifted
across the deck a distance of 30 ft., the angle of displacement of
a plumb line is 2° 36”. Determine the metacentric height.

Let GM=distance from c. of g. of ship to metacentre

W =weight of ship

M =weight moved across deck
x=distance M is moved
6=angle of displacement of plumb-line

_ _Mx _  s50x30
Then . W tan 6 10,000%0°0454

=3-3 {t.

193.

A buoy carries a beacon light and has its upper portion
cylindrical 7 ft. diameter and 4 ft. deep. The lower portion,

M

(0]

FiG. 55.

which is curved, displaces a volume of 14 cu. ft., and the centre
of buoyancy of this portion is 4 ft. 3 in. below the top of the
cylinder. The centre of gravity of the buoy is situated 3 ft. below
the top of the cylinder, and the buoy weighs 26 tons. Find the
metacentric height. Sea water weighs 64 1b. per cu. ft.

Let M, G and B in Fig. 55 represent respectively the
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metacentre, centre of gravity and centre of buoyancy of the
buoy, and x=distance of B from top of cylinder.

2-6><22_4c_>
6

Volume of water displaced= =9I cu. ft.

Volume of curved portion=14 cu. ft.
Volume of cylindrical portion of buoy immersed
=9I —1I4=77 cu. ft.
oo L. 7
Depth of cylindrical portion unmersed:—&%é.—s—);—z ft.
To find centre of buoyancy B of the whole buoy,
77X3+I4X425=01x

x=3-2 ft.
But Depth of CG=3 ft.
Therefore BG=32—3=0-"2 ft.
Also ByM=%

Where I,=2"d moment of area of water line plane
V =total displacement
L BM=TXB) g
. yers: .
.. Metacentric height GM=BM —BG=1-1 ft.

194.
Find the metacentric height of a rectangular vessel of 3,000
tons, of length 240 ft., beam 44 ft., and depth 20 ft. Sea water

weighs 64 1b. per cu. ft.
Underwater volume=§—°£c—%x:—249 =1Y05,000 cu. ft.

3000 X 2240
64 x240x44

3
Least moment of inertia=1, o=z—521i255—=1,705,ooo ft.e

Draught= =9-g6 ft.

~V 105,000
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Height of centre of buoyancy B from base

.. Height of M =4-98 +16-2=21-2 ft.
.. GM=21-2—10=11"2 ft.

195.

A cylindrical buoy floats in the sea. It is 8 ft. in diameter
and 5 ft. long, and weighs 4000 lb. The c.g. is 1-8 ft. from the
bottom. If a load of 700 1b. is placed on the top of the buoy,
find the height of its c.g. from the bottom so that the buoy
remains in stable equilibrium. (x cu. ft. of sea water weighs
64 1b.)

Let £=required height of c.g. of weight

Total weight of buoy=4000+700=4700 lb.

Volume of water displaced= Vzi%%?=73-44 cu. ft.

Depth of buoy below water line=D—23"44

Tge =1-46 ft.
Hei 1-46
eight of centre of buoyancy=—2—=o-73 ft.
Io_mat w8 _ .
V64V b4x7344 2733 ft.
Height of G, above bottom=2-735 +0-73=3465 ft.
Taking moments, X X 700=4700 X 2735 —4000X I8

%Z=8-08 ft.
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196.

The diameter of a pipe changes gradually from 6 in. at a point
A, 20 ft. above datum, to 3 in. at B, 10 ft. above datum. The
pressure at 4 is 15 1b./sq. in., and the velocity of flow 12 ft./sec.
Neglecting losses between A and B, determine the pressure at B.

Let p,=pressure at 4
v,=velocity at 4
ky=height above datum at 4

Let p,, v, and %, be the corresponding values at B.
Applying Bernoulli’s theorem:

‘P“l +1‘}‘]:'2 +k1='P_z +2?? +k2 . . . . . (I)
w Zg w Zg
Since A 1VU1=0a50Vs
11-62 3!
——XI2Z=—2-7,
4 4

-. vo=48 ft.[sec.
Substituting in Equation (1),
I5X144  12° pax144  48°

$2=4-83 Ib./sq. in.

197.

A venturi-meter having a diameter at the throat of 24 in. is
inserted in a 6-ft. diameter water main. The pressure head at
the throat gauge is 15 ft. of water and at the pipe gauge is zo ft.
of water. Find () the quantity of water flowing in cu. ft. per sec.,
and the velocity of the water through () the pipe, (c) the throat.

Area of pxpe—-Tl'i-g——lr—;f—é =28-26 sq. ft.
Area of throat=—ff=L:2~ =314 sq. ft.

Difference in pressure head=20—15=5 ft. of water
a142

Quantity Q= m\/_— vH cu. ft.[sec.
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Where a,=area main
as=area of throat
H=difference of pressure head in ft. of water
Q=quantity flowing in cu. ft./sec.
_ 28-26x3-14
\/28 28268 — —3-142
=56-7 cu. ft./sec.

V/2%x322%x4/5

Velocity in pipe=Q=§§'—7—6=2 ft./sec.

a, 282
Velocity in throat—Q-—5—6—Z=18 ft./sec.
s 314 ————

198.

A venturi-meter having a main diameter of 8 in. and throat
diameter of 2 in. has a coefficient of discharge of 0-96. If the
difference in head for the two mercury limbs is 1-5 in., find
(a) the discharge in gallons per hour, (b) the velocity at the
throat, and (c¢) the velocity in the main.

42
Area of ma1n=lr—-—— (12) =T sq. ft.

Head available=1—25—x12-6 ft. of water=1-575 ft.
__CaxA~/2gh

~/ (D) -
Where Q=quantity flowing
A=area of main
D=diameter of main
d=diameter of throat

Cg=coefficient of discharge
h=head

0-96><g\/2><32-2x1'575

0-21 cu. ft./sec.=0-21 x 3600 x6-25=4720 gals./hour

=0-21 cu. ft./sec.
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Velocity in throat=o0-21 x-i—4 =9-6 ft./sec.

Velocity in main=0-21 x %:o-ﬁ ft./sec.

199.

The throat and full bore diameter of a venturi-meter are
o-75 in. and 2-25 in. respectively. Calculate the coefficient of
discharge of the meter if the pressure at full bore section is
25 1b./sq. in. above that at the throat, when the meter is passing
68-45 gals./min. The meter is inclined to the horizontal, the
throat section being 18 in. above the full bore section.

Let p,=pressure at throat in 1b./sq. in.
hy=height above datum of throat in ft.
v,=throat velocity in ft./sec.

$2, ke and v, are the corresponding values for full bore section.
Applying Bernoulli’s theorem:

21+h+ L S ¢ 9|
28 w 28
Area of throat xvl._area of full borexuv,
.. U1__ (2 25) =9
vy T x(0-75)2
Substituting for v, in Equatlon (1),
—z—gvgﬁ—u +hg—h1
—=25%XX4 . 6.
=624 15 56-3

”’=~/"—"_‘556.g)(2 =6-7 ft./sec.
0

. 2 .
Flow=CyAgVs=Ca x _%QZ
=Cy¢x0-185 cu. ft./sec.
=C4x69-3 gals./min.
Actual flow=068-45 gals./min.

68-45__
.. Cd= 693 =0-987.
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1 200.

A 42-in. pipe is deflec-
ted through go°, the ends
[ being anchored by tie rods
at right angles to the
pipe at the ends of the
bend. If the pipe is de-
livering 63 cu. ft./sec.,
find the resultant force
on the pipe and the load
s in each tie rod.

Fig. 56 represents the
pipe.

Fi1G. 56.

Velocity of ﬂow—Q— _( )2——6 -5 ft./sec.
Force exerted on bend=rate of change of momentum of water
Force exerted=2x63 x6—2g;4x6-5 sin 45°
=1115 lb.

-. Force in each tie rod:I—IZLs—x 4/2=%9o 1b.

201.
A jet of water has a velocity of 40 ft. per sec. If the diameter
of the jet is 3 in., find the horse-power.
Area of ]et—T?=~—~——=7-o7 sq. in.
=0-049 sq. ft.

wav® _ 62-4%0-049x 403

2g %550 64°4x550
=0-553.

Horse-power=
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202.

A jet 3 in. diameter issues from a nozzle connected to a water
supply at a pressure of 400 lb./sq. in. Find (1) the velocity of the
jet, (2) the flow in cu. ft./min., and (3) the horse-power available
from the jet if 3 per cent. of the energy is wasted in friction.

Consider the quantities per lb. issuing:

Volume=I~— cu. ft.
62-4
Work done—pressure Ib./sq. ft.xvolume cu. ft./lb.

_400XT44 o o ozl ft -
= g ft-IbIb.=023-1 ft 1.l

Deduct 3 per cent. loss=27-7 ft.-1b./Ib.
Kinetic energy of jet=895-4 ft.-1b./Ib.
112 . — . .
895~4—§é S v2=04-4x8954
v=240-1 ft./sec.
240-I1x60x0-7854 %9

144X 4
=176-5 cu. ft./min.

Flow in cu. ft./min.=

Kinetic energy available per min. from jet
=176-5x62:4x895°4

176-5x62-4x895°4__
33,000 .

.. Horse-power= 299°5.

203.

What must be the diameter of a sharp-edged circular orifice
in order for it to discharge 3000 gallons of water per hour under
a constant head of 50 feet? Take the coefficient of discharge to

be 0-62.
I
3000 gals./hour=3000x ~—— 622 6 ;=033 cu. ft./sec.

Let a=area of orifice in sq. ft.

Q=rav/2gh
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where A=head in ft.
Q=volume of water in cu. ft. per sec.
0:133=0-62a4/2%32°2X50
0133 _ ..
=62 \/%3220_0 00378 sq. ft.
=0-5445 sq. in.
Diameter:\/g'—sﬁf—)ﬁ-—:o-&i in.

204.

A circular orifice I sq. in. in area is made in the vertical side
of a large tank. If the jet falls vertically through a distance of

||
I

|

|

!
Il
!

< 5’ l

Fic. 57.

195 in. whilst moving horizontally through 5 ft. under a head

of 4 ft., at the same time discharging 26 gals. per min., determine
the three constants.

In Fig. 57,

Let x=horizontal co-ordinate from the orifice in ft.

y==vertical co-ordinate from the orifice in ft.
H=nhead above orifice in ft.

Cv=coefficient of velocity

JE o e
Cyr= Z}Ti I9°5 r A

4x27x4
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Let Cq=coefficient of discharge
(Q=quantity of water flowing in cu. ft./sec.
A=area of orifice in sq. ft.

26X ——x X

6-25" 60
Car=-——Q—=—““‘—°*I 2 =0-623
A+/2gH IZ\/2><32-2><4, E—

Let C,=coefficient of contraction
Then actual velocity of jet xactual area of jet
=actual discharge

Cvyv/2gH x C ;A =actual discharge
But A +/2gH =theoretical discharge

% Cd=CuXCc
_Gd_o0623_
Ct Cl)— 098 o 635

205.

A circular orifice or area I sq. in. is made in the vertical side
of a large tank. The tank is suspended from knife edges 5 ft.
above the level of the orifice. When the head of water in the
tank is 4 ft., the discharge is 261 lb./min., and a turning
moment of 10-62 lb.-ft. has to be applied at the knife edges to
keep the tank vertical. Determine (1) the coefficient of velocity,
(2) the coefficient of contraction, and (3) the coefficient of
discharge.

Let V=actual velocity of jet in ft./sec.

Reaction of jet=v—2£/ 1b.

where W=wt. issuing/sec.

WV _ 261V
g 6oxg
261V

Moment of jet about knife edge=—6-§ x5 1b./ft.
This must equal the applied moment:

10-62_261 xsV
60x322
pbox32:2x10:62_ ., 4 scec

261 x5
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Theoretical velocity of flow=+/2gH
where H=head in ft.
=4/2X322Xx4=16-05 ft./sec.
I5-7

Coefficient of velocity=C g—-——s——o 98

vol. flowing/sec.
actual velocity

261 (I44
“6ox62- 4 157

Area of jet at vena contracta=

—-=0-638 sq. in.

Coefficient of contractian=C,= 613 =0-638

Coefficient of discharge=Cg=CxCy=0-638 x0-98
=0-625

208.

An orifice 1-5 in. diameter and having a coefficient of discharge
0+6 is placed in the bottom of a vertically disposed cylindrical
tank. Water flows into the tank at a uniform rate and is dis-
charged through the orifice. If it takes 100 sec. for the head to
rise from 2z ft. to 2 ft. 4 in., and 180 sec. for it to rise from 4 ft.
to 4 ft. 4 in., find the rate of inflow.

Let A=area of tank in sq. ft.
a=area, of orifice in sq. ft.
Q=rate of flow in cu. ft./sec.

Cd=coeflicient of discharge

Fig. 58 represents the arrangement.

Then
(Q—Caar/2gh)dt=Adh
dh Q
i C"Av 2gh

Substituting in th1s equatxon the values given:

6( T, 225
(z) Ioo) g -z 144)‘/“”“EE

@ sas9—9 2 (3 X503 ) VBV FTR
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YL LL O L

V777277777777 777777 772 777277

WINSNNNNNN

FiG. 58.
By subtraction,

A=6(5840)(: 225) V/ZR(/F 66 — /2766
A=—22-62 sq. ft.

From (1) we have:

300 L o 6(—x—)¢*g¢m

=0-0754 +0-0864
=0-162 cu. ft./sec.

207.
A pitpe of cross-sectional area I sq. ft. suddenly enlarges to an
area of 4 sq. ft. If the water pressure just prior to entering the
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enlargement is 100 1b./sq. ft., determine (2) the head lost due
to shock, (b) the pressure in the enlargement, and (c) the work

100 Ib/sq.ft. |

A B
—_—

A =lsq ft. A= 4sqfe.
|

F1G. 59.

done in forcing the water through the enlargement, when the
quantity of water flowing is 10 cu. {t./sec.
Fig. 59 illustrates the conditions in the pipe.

_Q_10_
Velocity at A_Ax— 7 =10 ft./sec.
Velocity at B—Z-=IZ—2-5 ft./sec.
Loss of head due to shock—= 4 ;gVB)z.-:(IO;gZ '5)2=0'875 ft.

To find the pressure in the enlargement, we have, applying
Bernoulli’s equation to points 4 and B:
%" —22,V8% 585
2g w2
100  10%® _ pp ( 5)2
624 644 T 624 4 64 4

pp= 366lb./sg. ft.

Work done in forcing water through enlargement
=10x62:4X%0:875=545 ft.-1b./sec.

+0-875



INDEX

(Numbering refers to Problems)

ACCELERATION of piston, 121
Adhesion, force tending to fracture,
119
Air, dry, weight of, 146
Angle, calculation of, 17, 51 93
Angular acceleration, 98, 105
retardation, g9
speed, 65
twist, 135, 138—40
velocity, 106
Atomic weight, 173
Average acceleration, 113
angular speed, 99
force, 76, 89, 111, 118, 119
intensity, 2
pull, 113
value of specific heat, 161
velocity, 63, 71

BeaM, bending moment of, 122,
123, 126, 130
stress on, calculation of, 124, 126,
134
Bearings, dynamic load on, 108
Belt passing over pulley, 95
Bending moment, 122-6,
133, 134
Bernoulli’s Theorem, 196, 199, 207
Body, velocity of, 66, 67, 71, 73
Boiler, efficiency of, 176, 177
Bow’s Notation, 22
Boyle's Law, 163
Brake horse-power, 178, 179, 181
thermal efficiency, 179, 181
British thermal unit, 153, 169, 172,
173, 179
Buoyancy, centre of, 193~5

128-31,

CaroriFic value of fuel,
1769
Calorimeter, 157, 171
Carbon, combustion of, 172~5
Centigrade converted into Fahren-
heit, 143
heat unit, 154, 159, 161, 162, 171,
174

1714,

Centre of Buoyancy, 193—5

of gravity, 37-42, 187, 188, 192,

193

of pressure, 189-91
Centrifugal force, 108, 120
Coefficient of contraction, 205

of discharge, 198, 199, 205, 206

of friction, 51-8

of linear expansion, 20, 145

of velocity, 204, 205
Combustion, 173-5

engine, internal, 94, 167
Compressive stress, 163-70
Condenser, 155
Constants, determination of, 204
Consumption, gas per B.H.P. hour,

179
Cooling water, 155
Couple, axial, 135
Crank, rotation of, 121
Cylindrical buoy, 193, 195

DIRECT stress, 130
Displacement, 192, 193
Dry air, weight of, 146
steam, 153, 176
Dryness fraction, 151, 153-60, 162,
177, 181
Dynamic load, 108

EFFICIENCY, brake thermal, 179, 181
of boiler, 176, 177
of lifting-apparatus, 78-84
mechanical, 178, 179, 181
Effort required, 59, 60, 78
Elastic limit, temperature of, 19
Elasticity, modulus of, 16
Electric motor, 88
Elongation, total, 13
under pressure, 15
Energy, internal, of steam, 152, 159,
160
of jet, 202
kinetic, 76, 77, 100, 101, 103-7,

109
lost in friction, 103
potential, 102
of rotation, 100
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FAHRENHEIT converted into Centi-
grade, 143
Flypress, work done, 100
Flywheel, angular speed of, 65
estimation of mass of, 106
kinetic energy of, 107
time required to increase speed
of, 98
Force, accelerating, 62—77, 104, 105,
113-17
average, 76, 89, 91, 111, 118, 119
on bend, 200
bursting, 6
centrifugal, 108, 120
concurrency in equilibrium, 26
direction of, 28, 49
on fastening, 120
frictional resisting, 103
of a jet, 68, 201
magnitude of, 49
on pipe, 200
required, 58, 61, 85, 113, T14
retarding, 112
shearing, 10, 122, 123, 131
values of, 30
vector, 22-8, 46, 48, 51
Forces, addition of vectors, 51
magnitude and direction of, 47
polygon of, 22, 23, 27, 28, 29
triangle of, 22-6, 35, 36, 47, 56
Framed girder, 30—2
Friction, angle of, 51
coefficient of, 51-8
on flywheel, g9
waste by, 55
Frictional force producing heat, 150 ,
resistance, 103, 113, 114, 116, I17

GIRDERS, reactions on, 30—4
stress on, 125, 127, 129
Graph, law of, 80
of work done, go
Gravity, centre of, 37-42, 187, 188,
192, 193, 195
of mercury, specific, 182
Gyration, radius of, 98, 107

Heat, kinetic energy converted
lainto, 109
tent, 153, 173, 177
producod by friction, 150
sensible, 153, 176
specific, 147-9, 176

INDEX

Heat,
total, 156—9 161, 162
transferred to steam, 153, 161,

176

Helical spring, torsional rigidity of,
104

Horse-power, 60, 61, 92, 93, 95-7,
113, I14, 136, 138, 139, 14I,
201, 202

brake, 178, 179, 181

indicated, 94, 178-81
Hydraulic pressure, 184—91
Hydrogen, combustion of, 1725

INDICATED horse-power, 94, 178-81
Inertia, moment of, 102, 106, 127,
129, 130, 133, 135, 189, 1094
Internal combustion engine, 94, 167
diameter of liner, 18
energy of steam, 152, 159, 160

JET, force of a, 68, 201, 202

Joists, stress sustained by, 128, 130,
134

KINETIC energy, 76, 77, 100, I0I,
103, 107, 109, 202

LATENT heat, 153
Law, Boyle’s, 163
of graph, 8o
of machine, 8o
Liner, internal diameter of, 18

MACHINE, law of, 8o
Mass attached to wheel, 20
estimation of, 102, 112
Mechanical advantage, 78, 84
efficiency, 78-84, 178, 179, 181
Mercury, specific gravity of, 182, 183
Metacentric height, 192—4
Modulus of elasticity, 15
of rigidity, 135, 138-40, 142
Moment, bending, 122-6, 128-31,
133, 134
of inertia, 102, 106, 127, 129, 130,
133, 135, 189-94
resistance, 107, 134
turning, 105, 107, 205
twisting, 135, 136
Moments, taking of, 44-6, 108, 129,
133, 190, 195
Momentum before and after impact,
107



INDEX

Orrrice, flow through, 203-6

PETROL, combustion of, 175
Pinion gearing, 97
Pipe, centre of pressure of, 189
flow through, 196, 197, 200, 207
Potential energy, 102, 104, 109
Pull, 13, 23, 25, 35, 86, 87, 93, 112,
113, 116

Rap1us of gyration, 98, 107
Ram, hydraulic, load lifted by,
184~6
Reaction, beam, 134
beam supports, 43, 44, 126
girder, 31—4, 127
magnitude and direction, 26, 28,
29, 46
Resistance moment, 107, 134
Rigidity, modulus, 135, 138-48, 142
torsional, 140

SENSIBLE heat, 153
Shaft, comparison of hollow with
solid, 137
transmission of horse-power, 136,
138, 139, 141
Shearing force, 10, 122, 123, 131
Sluice-gate balanced about hori-
zontal axis, 191
force required to operate, 190
Space covered, 702, 77
Specific heat, 147-9, 161, 176
gravity of mercury, 182, 183
heat at constant pressure, 169
Spring, elongation of, 140, 142
Steam, 151, 152, 177
dryness fraction, 151, 153-60, 162
pipe, coefficient of linear expan-
sion, 145
pressure, 52, 119
weight of, 154
Stress, calculation of, 95, 123, 125,
1268
compressive, 10, 129, I33
direct, 130
equilateral triangle, 32
in individual members, 31, 32, 48
instantaneous, 132

159

Stress,
intensity, 3, 4, 9, 12
resisting expansion, 14
steel rails, 19
tensile, 15, 133
Stretch, average force, 91
elastic, 1
total, 7-9

TANGENTIAL pressure, 96
Tanks, emptying of, 204-6
Temperature, rise in and actual, 19
Tie-rod, tension in, 36
Torque on flywheel, g8, 99

on pulley, 93

on shaft, 88
Torsion, 138, 139, 141
Torsional rigidity, 140
Turning moment, 105, 107, 205
Twist, angular, 135, 138, 139
Twisting moment, 135, 136, 137

U-TUBE, pressure in, 183

VALVE, pressure on, 189
Velocity, 62-84, 100—4, 106, 107,
116, 117, 196-202
Venturi-meter, 197-9
Volume of compressed air, 163, 164
of displacement, 193, 195
of steam, 151, 159, 160

WATER, cooling, 155
displacement of, 192, 193
pressure of, 183—91, 196-9
Weston differential 1pulley, 85 -
Wet steam, internal energy of, 152
volume of, 151
Work done, 60, 61, 86, 89, 92, 164,
170, 179, 202, 207
axial load, 140
by brake drum, 150
per cycle, 04
foot-pounds per minute, 54
graph of, go
pulling, 93
by pump ram, 186
in resistance, 77
per revolution, 99
stretching, 91









