4,1 Introduction

4.1.1 Work
A body undergoes some displacement under the application of
applied force, then some work is said to be done on the body work is
equal to the force multiply by distance travelled in the direction of force.
Consider the force Facting on the block as shown in figure 4.1 (a).
Block moves by distance s under this force, then the work done is
U= Fxs
In second case figure 4.1 (b) block moves by distance along the
inclined plane due to its weight, then wokrk"‘done by its weight is
U= W{(ssing)
Here the disp!aoement‘in the direction of force is s-sin .
The unit of work is Nm as unit of force Newton is multiplied by unit
of displacement meter. Unit of work ieroule also. Fig. (b)
1J=1Nm

) Fig. 4.1
4.1.2 Energy

Energy of a body is the capacity of doing the work. We always say, a healthy man has high capacity for
doing work. A machine having higher amount of energy can perform more work.
The unit of energy is same as work and that is Nm or Joule.

4.1.3 Potential Energy
The energy possessed by an object because of its position is called Potential Energy. If a block of mass
mis lifted through a height h above ground, then the work done on the block is mgh. The work remains stored in
the block. It can perform the same amount of work again in coming down to its original position. The poiential
energy of mass m lifted through a height h above ground is given by
PE. = mgh(Nm)

4.1.4 KineticEnergy
The amount of work required to bring a moving body into rest is known as kinetic energy.

A body of mass mis moving with a velocity vand itis brought to rest by applying a force Fwhich causes
retardation ‘a’and stops the mass in the distance ‘s’ then



Kinetic energy of the body = work used to stop the body
KE =F s=ma-s . (1)
In this equation, we have assumed that Fis constant.
From third equation of motion we can write

0=+-2as

or 1v2
as = —
2

Substituting this in equation (i) we get

T2
KE = —mv
2

4.1.5 Spring Energy
Spring also stores work in the form of potential energy and also known as spring energy.

Consider a mass connected to spring as shown in flgure 4.2 at
equilibrium position x = 0. Now spring is stretched by distance x. A force F acts
on mass due to stiffness k of the spring that will try to bnng vt in ongmal posmon
and this force is equal to

Fo= ~Kx:

S
Negative sign shows that this force is always in the oppos»te direction of displacement. Now consider a

small displacement dx is given to mass m. V\/ork done to stretoh sprmg by dx Is.

dU=-F, dx
or dlU = - (-kx) dx
or U= ;7w = St

4.1.6  Law of conservation of Energy

This law states that Energy can neither be created nor deqtmypd though it can be transformed from
one form to another forms, in which the energy can exist.
Assume a block of mass m falls from rest from a height H as shown in figure 4.3.
The total energy of the ball at position A is its potential energy,
PE. = mgH T
Let the ball drop a height h and its velocity at the point B s Vg
Using third equation of motion

v = 0+ 2gh = 2gh H
Total energy at B is potential energy and kinetic energy,

1 )
PE +KE. = mg(/—/~h)+§mv,§ X

= mg(H ~h) + %2(29/7) = mgH

Consider now the motion of ball-from A to its position at C
?=0+2gH=2gH
Total energy at Cis potential energy and kinetic energy,

PE +KE = O'Jr%mvg = %m(ZgH) = mgH
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Say in position (2) final velocity of mass centre of cylinder is Vand final angular velocity of cylinder is .
Then work done by force mgsing along the plane is

U, , =mg.sing.S

o T o
Change in kinetic energy = > my? +§, Io®

2

. , , . , mr
where ! =mass moment of inertia of cylinder about axis of rotation = —

-

Using the work-energy principle

, 1 / e
mgsne.S =— mve = (02, where J = ——.
2 2 2
T 1T omrt
Therefore mg.sing.S =MV 4+ —xX——-x®
- 2 2 2

98]
@)

1 1 3l o fasT
S.mgsin® :5 /77\/2+~A—f77\/2 :~4_~m\/2 or velocity, V = —S—*QSIHO.

Determine the power of an engine required to lift 3 x 10° kg water per minutes

through a height of 20 m through a part. If the water is coming out with velocity of 5 m/sec, then what is
the power.

Solution:
The energy required per second to lift water

_ 3800
80
where mis mass of water lifted per second.
Thus p- -3%3 X 9.8%20 = 9800 Njsec

If the water is coming out with velocity u then engine supplies this extra kinetic energy also. In this
case,

i

TR, a2 - ,12\
Energy required /ﬂg?+2m\/ =m g/7+2\/ )

- 300820+ 05x5%)
60

= 10425 Nm/sec

The position vector of a particle is given by r = 81i + 1.2(2 /- 0.5 (1 - 1)k,

where tis the time in seconds from the start of the motion and ris expressed in meters. For the condition

when [ = 4 sec, determine the power P developed by the force F = 40i — 20/ - 36k kN which acts on the
particie.




Solution:
The power is given by force acting and multiplied by the velocity.

P=Fv
o p-rd
o

Here F = 40i-20j- 36k

F= 8ti+ 1.202 - 0.5 (15~ 1)k

%% = 8i+ 24l 1562k

P = (40i-20j-36K) - (8i + 2.4t~ 1.5 {2K)
or P = 40 x 8-20x 2.4t + 36 x 1517
or P = 320 - 48t+ 54

P,_, = 320-48 x4 + 54 x 47
= 320 - 192 + 864 = 992 W

Arailways engine draws a frain of mass 400 tonnes, including its own m

on a level growing with a uniform acceleration, until it acquire a velocity of 54 kmph in & minutes. The air
resistance varies with square of velocity and 500 N at 18 kmph and frictional resistance is 40 Nft.

Determine the power of engine.

Solution:

Mass of train m = 400 tonne = 4 x 10° kg
Velocity acquired v = 54 kmph = 15 m/sec
Time { = 5min =300 sec

Total frictional resistance, R, = 40 x 400 = 16 kN

Let a be the acceleration of locomotive after 300 second, then
15 = 0+ ax 300

15 5
—— = (.05 m/sec*®

or a 300

il

Required force for this acceleration is

F = ma =400 x 10% x 0.05 = 20 kN
As the air resistance varies with square of velocity, therefore air resistance at 54 kmph is
(54
H, = 500 T"'j = 4.5kN
’ \ i

Total required force
o = R Fo A= 16420 + 4.5 = 40.5 kN
The power is P = Fv=405x15=607.5kN-rn/sec

607.5 kd/s

1

A train of mass 150 tonnes move on a level rack with a speed of 20 m/sec.

The tractive resistance is 100 N per tonne. Determine the power of the engine (0 maintain ihis spead.
Also determine the power of the engine, when the train is to move with an accelaration of 0.3 m/sec? on

a level frack.
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When the body reaches at B after travelling distance 10 m, the external force is removed. Al this
point it has velocity .56 m/sec and it moves upward till it comes to rest.

Thus substituting F= 0, v= 0 and u=9.56 in equation

Substituting the values in equation (i) we get

~m(0-9.567) = (0~ Wsin6-p Wcose) s,

or %»lgx 9.56° = (Wsin @+ Wcos ) - s,
or %9;{ = (sin8+u Wcos 8) - S,
or ,1)~9—95-g—? = (8in 35° + 0.2 cos 35°) - s,
S, = ! 9.56” =06.35m

29.8(sin35° + 0.2 c0s 357
When the body reaches at point C, then it, will start moving downward due to its own weight and
when it travels from Cto A, it travels distance S, =10+ 6.35 = 16,35 m. The initial velocity in this case
is zero and final velogity at A is v, We can write down the energy equation as

1 5 . ,
~2~/'n(v§ ~UT) = (Wsin®-p Weos9) - s,

or %{‘)_/vg = (Wsin@-p Wcos 6) - s,
or V.2 = 2g(sin® -1 cos @) x 16.35
= 2x9.81x(057-0.2x0.82) x 16.35 = 130.10 m/sec
L H4-rrifsec

A biock of 100 kg is at rest at point A. It first slides along AB = 100 m and
then moves along BC as shown in figure till it comes to the rest. Determine the distance travelied by
block on plane BC. Take u = 0.2 for both the planes.

100 kg

Solution:

Allforce acting on bioclk is shown in figure. At point A
block has potential energy mgh due to height h,.
When it comes at foot of the inclined plane some
energy is lest in iriction force and rest is transferred
to its kinetics energy.




1 _
Thus, —mv2 = mgh, - R, AB
2

—mvi = mg- ABsin 8, - Wcos 8, AB
—Z«me7 = mg- ABsin 8, - umg cos6, - AB
or v? = 2g- AB(sing, - cost,) (D
or V2 = 2x9.8x 100 (sin 457~ 0.2 x cos 45°)
1 ) .
= 2x980% —=x0.8 = 11087
N
or v, = 33.3m/sec

At this point block has kinetic energy due to velocity u, and due 1o this kinetic energy block move orn
plane BC. Let it travel distance BC along the plane then its height from horizontal plane is h,. Some
of its kinetic energy is lost in work done against frictiorn and rest is transferred to potential energy.

Thus mgh,

or

or
From equation (i) and (i) we get
20 AB(sin©, + 1 cos 0,)

BC
o T

AC
Substituting tl | t BC
SHUDSTHUTN e valtes we ge e
’ g 100
or BC

1

~?—mv§ - R, -BC

mgh, + R, - BC

mg - BCsin 8, + 1L Wcos 8, - BC

mg - BC ¢in 8, + wmg cos 8, - BC
2g - BC(sin 8, + 1 cos 8,) (i
2g - BC(sin 9, + 1 cos 6,)

(sin - pcost)

(sin®, + U cosf,)

(sindb° - 0.2c0s457)  0.565

(sin35° + 0.2cosds)  0.400

76.7 m

A block of weight 400 N slides along an inclined plane making an angle 30°

&

with horizontal having initial velocity of 2 m/sec. The distance fravelied by the body along the plane is

2 meter and after that it strikes the spring whose stiffnesa is 100 M/mm. Taking u = 0.2, find the compression

of the spring.

Solution:

As per problem statement the configuration is shown in figure.
At point A block has kinetic energy due to its velocity anc

potential energy due fo its he

f

compress it

iht. When it strikes at
after travelling AB, some part of its total energy is lost in work
done against friction and rest is transferred o spring 1o

o

spring

h
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Here both mass m, will gain potential energy
m,ghand mass m, will loose potential energy

m,gH. A ey
As per energy conservation law

2m, gh = m, gH /
or emyh=myH (i) /
we have to find out the value of H. /
From the initial and final figure of
system we can write ?

h= AB-AD i‘
but AB? = AP + B[P
or AB? = a2+ HP T
Thus h= \/avgjr? -a f 5
Substituting this value in equation (i) we get ' ‘L
2my(Na® + H —a)= m, H
(b)

or ompa + H = m, H+2m, a

Taking square both side S ,
am.2 (& + H2) = mpP H? +4m, m, aH + 4m? &

4mp=H? = my? H2+4m, m, aH
2 0p 2 1 Sy
amgi H = my H+4m1 m, a
H{@m?Z-m$) = 4m, m,a
m.m
H = _damymy Hence Proved

2 o
(4my —m3)

The block of mass 2 kg is subjected to a force as shown in figure having a

censtant direction and a magnitude F =300/ (1 + x).

When x = 4 m, the block is moving to the right with a speed F 2 kg
8 m/sec. Determine its speed when x = 12 m. The coefficient of __30°Z> :

kinetic friction between the block and the ground is 0.25.

Solution:
Figure shows the all force acting on the block. Here block move in horizontal direction so work is
done by the force in horizontal directional only.

Resolving forces in vertical direction. F mg
~.
Fsin8+mg = R
Net force in the direction of motion is Fcos 8 - uR. e R
So work done is e

U= J“f(/:cose _uR)dx R




12 .
Substituting value of R we get U L (Fcost — u(Fsind + mg))dx

: 12 12
- (Cos6 — usm(—))[4 Fdx - pmgj4 Clx

C
i

Substituting all values we get

(cos30° - 0.255in30°)] -§99c/ -2x0.25x9.8[ dr

i

or = (0.741) 300 [In (1 +><)}4-74.9><8
1+12)
— _ 20238112 a0

o U= (T+ 4)
or U=1732J
Now from energy conservation law we can write

Iz ru = T

2 2

. 73.2

or vV = \/U2+2n—l7j=\/82+—2—><12*§- = 1540 m/sec

Find the work done in movmg a 15 kg wheel by 2 m up an incline plane with

angle of inclination equal to 30°. |

Coefficient of friction between wheel and plane is 0.25.
A force of 100 N is applied at the centre of wheel as shown in
figure. What will be angular velocity of wheel after the wheel
has travelled 3 m up the plane? Wheel radius is 0.1 m.

Solution:

Mass of wheel m = 15 kg

Weight of wheel, mg = 15x981=147.15 N

Component along the plane, mgsine = 147.15 x sin 30°= 73.57 N

Normal reaction, N = mgcost=147.15x0.866 = 127.43 N

Net force along the plane = 100 -73.57

or Fioo = 26.43N ()

Flease note that in this case force of friction will be equal to Foe @nd provides turning moment
to wheel. This Is the case of pure rolling without slipping. Force of friction will not be equal to,
UN =0.25%127.43 =31.86 N but it will be only 26.43 N.
Work done in rolling the wheel up the plane by 3m

U, = (100-mgsinB) S =26.43x3 =79.29 Nm
Say the angular velocity is  and linear velocity of wheel centre is V at the position 2.

U, = —mV? 4=’ (D)

where Vo= or=01xmwm/s
e 15% 0.1

I e T e T /
! 5 5 =0075 kgm?




Substituting these values in Equation (ii)

79.29 =

Angular velocity, o =

0.0750° +

0.0375m" = 0. 1120w

2V 704.8 = 2654 rac/s.

Lt Asimple pendulum is constructed by attaching Q.4 A roller of weight Wis rolled over the woodsn
abobofmasemioas rmg; of fer Fixed at block shown in the given figure. T
s upper end. The Lok reguired just to cause the said motion is
circle. It is found that the speed of bob is v /,f"
whien the string makes an angle 8 with vertical. '
The tension in the string at this instant is
, j v . V2 \
(2) myg|gcosd- e l (b) M| gsing+ T g
% L b 5
w2 [ R \ (a) W[z
e J () i gsing = —— J
L) \ b (c) W
£ A particle of mass 50 g moves on a straight , :
i ma i v a slralg . ANSWERS ) B
ity varying with distance ve= 5./ . .
v ” = 5 i, {a 3.0{a) 4 {b)
mfe.The lotal work-done by all forces cluring —
placementy=0tcr=4mis. ... Joules

racius ris
subjected to a force Fat its centre and it starts
rolling without slipping on a rough horizontal
2 as shown in figure. The acceleration of

Aosoid sphare of mass m with

/’/ i - N,
AN
// \
I o
| S il

(2) AF F
YT m " m
3 7F
2m 3m

&7 E
mgsing ¥ mg cosy
7 g
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