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WORK, ENERGY AND POWER

WORK

2011

1.

Force F on a particle moving in a straight line varieswith distance d as shown in thefigure.
Thework doneon the particleduring itsdisplacement of 12m is

> d(m)

a) 12J b) 26J c) 13J d) 18J

2. A body of massM hitsnormally arigid wall with velocity v and bounces back with the same
velocity. Theimpulse experience by the body is
a) 1.5 Mv b) 2Mv C) zero d) Mv

3. A person of mass60kgisinside alift of mass 940kg and presses the button on control panel.
Thelift starts moving upwar ds with acceleration1.0ms™. If g=10ms?, thetension in the
supporting cableis
a) 9680 N b) 11000N c) 1200N d) 8600N

2010

4. A plateof massm, length b and breadth aisinitially lying on a horizontal floor with length

parallel to thefloor and breadth perpendicular to thefloor. Thework doneto exect it on its
breadth is

] el Py anf
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5. A forceF acting on an object varieswith distance x as shown here. The forceisin newton and

x isin metre. The work done by the forcein moving the object fromx =0mtox =6mis
x(m) —>

a) 4.5J b) 13.5J c) 9J d) 18J

2009

6. A quarter horsepower motor runsat a speed of 600rpm. Assuming 40% efficiency, the work
done by the motor in onerotation will be
a) 7.46J b) 7400J C) 7.46 erg d) 74.6J

2008

7. A particle of mass 100g isthrown vertically upwards with a speed of 5ms™. Thework done by
theforce of gravity during thetime, the particle goesup is
a) -0.5J b) -1.2J c)1.25J d) 0.5

8.  How much work done must be done by a force on 50kg body in order to accelerate it from rest
to 20ms™in 10s
a) 10°J b) 10*J C) 2x10%J d) 4x10*J

9.  When the bob of a smple pendulum swings, the work done by tension in the string is
a) >0 b) <0 C) zero d) maximum

10. Thework done by a particle moving with a velocity of 0.7c (where cisthe velocity of light) in
empty space free of electromagnetic field and far away from all matter is
a) positive b) negative C) zero d) infinite

2007

11. A vertical spring with force constant k isfixed on atable. A ball of mass m at a height h above

the free upper end of the spring fallsvertically on the spring, so that the spring is compr essed

by a distance d. The net work donein the processis

a)mg(h+d)+%kd2 b)mg(h+d)—%kd2 c)mg(h—d)—%kdz d) mg(h—d)+%kd2
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12. Therelationship between theforce F and position x of a body isas shown in figure. The work
donein displacing the body from x = 1m to x = 5m will be
FT 10
0 [~ s E(m)—-—
-5
~10
a) 30J b) 15J c) 25J d) 20J
Energy
2011
13. Thepotential energy of a system increaseif work isdone
a) by the system against a conservative force
b)by the system against a non-conservative force
C) upon the system by a conservative force
d) upon the system by a non-conservative force
2010
14. A bomb of 12kg explodesinto two pieces of masses 4kg and 8kg. The velocity of 8kg massis
6ms . Thekinetic energy o the other massis
a) 348 b) 332J c) 324J d) 288J
15. A coinisof mass4.8kg and radius 1m, isrolling on a horizontal surface without siding, with
an angular velocity of 600rad/min. What isthetotal kinetic energy of the coin
a) 360J b) 14407°J C) 40007%J d) 6007°J
16. An open water tight railway wagon of mass 5x10°kg coasts at an initial velocity of 1.2 m/s
without friction on arailway track. Rain falls vertically downwar dsinto the wagon. What
change occursin kinetic ener gy of the wagon, when it has collected 10°kg of water
a) 900J b) 300J c) 1560J d) 1200J
17. A person, with outstretched arms, is spinning on arotating stool. He sudden brings hisarms

down to his sides. Which of the following istrue about hiskinetic energy K and angular
momentum L ?

a) 900J b) 300 c) 1560 d) 1200J
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18. A particleof massm at rest isacted upon by aforce P for atimet. Tiskinetic energy after an
interval tis
242 242 242
a)Pt b)Pt C)Pt d)ﬂ
m 2m 3m 2m
19. A body of mass 2kg makes an elastic collision with another body at rest and continuesto move
in the original direction with one-fourth itsoriginal speed. The mass of the second body which
collideswith thefirst body is
a) 2kg b) 1.2kg c) 3kg d) 1.5kg
2007
20. Thedriver of acar travelling at velocity v suddenly seesa broad wall infront of him at a
distanced. He should
a)brake sharply b) turn sharply c) bothaand b d) none of these
21. Afree a- particleand afree proton, which are separated by a distance of 10'°m arereleased.
The KE of o -particlewhen at infinite separation is
a) 46x107°J b) 23x107°J €)36.8x10°J d) 9.2x10™J
22. A child isswinging a swing. Minimum and maximum heights of swing from earth’s surface
are 0.75m and 2m respectively. The maximum velocity of thisswingis
a) 5ms™ b) 10ms™ c)15ms™ d) 20ms™
23. A spherically ball of mass 20kg is stationary at thetop of a hill of height 200m. It rollsdown a
smooth surfaceto the ground, then climbs up another hill of height 30m and finally rolls down
to a horizontal base at a height of 20m above the ground. The velocity attained by the ball is
a) 40ms™* b) 20ms™ c)10ms™ d) 104/30ms™
24. Two bodies A and B having massesin theratio of 3: 1 possesthe samekinetic energy. The
ratio of linear momentum of Bto A is
al:2 b)3:1 c)l:\/§ d)\/§:1
25. An open kinetic edge of mass m isdropped from a height h on a wooden floor. If the blade
penetrates sinto the wood, the aver age resistance offered by the wood to the bladeis
2
a) Mg b) Mg(ﬂj C) Mg(l—nj d) Mg(1+hj
S s s
26. A stationary particle explodesinto two particles of masses m and m, which movein opposite
directions with velocities v,and v,. Theratio of their kinetic energies E, / E, is
a8l b) mv, / my, c) m/m d) m/m,
27. A bread givesa boy of mass40kg an energy of 21kJ. If the efficiency is 28%, then the height
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that can be climbed by him using thisenergy is
a) 22.5m b) 15m c) 10m d) 5m
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28. A ball of mass 2kg and another of mass 4kg are dropped together from a 60ft tall building.
After afall of 30ft each towardsearth, their respective kinetic energieswill bein theratio of
a) v2:1 b)y1:4 Q1:2 d) 1:4/2

29. A stoneistied toastring of length | and iswhirled in a vertical circlewith the other end of the
string at the centre. At a certain instant of time, the stoneisat itslowest position and has a
speed u. The magnitude of the change in velocity of string when horizontal (g being
acceleration dueto gravity) is
a) \/2(u*-gl) b) /(u*—gl) c)u—+/(u”-2gl) d) /24l

2006

30. If wethrow a body upwardswith velocity of 4ms™, at what height doesits kinetic energy
reduce to half of theinitial value ? (take g =107)

a) 4m b) 2m c)lm d) 0.4m

2005

31. A block of mass 10kg ismoving in x-direction with a constant speed of 10ms™. It is subjected
toaretarding force F =-0.1xJm™ during itstravel from x = 20m to x = 30m. Itsfinal kinetic
energy will be
a) 475 b) 450J c) 275 d) 250J

32. Aprojectileisfired at 30°with momentum p. Neglecting friction, the changein kinetic energy,
when it returns back to the ground, will be
a) zero b) 30% c) 60% d) 100%

33. A machinewhich is 75% efficient, uses 12J of energy in lifting 1kg mass through a certain
distance. The massisthen allowed to fall through the same distance. The velocity at the end of
itsfall is
a) V12ms™ b) V18ms™ 0)~/24ms™ d) V32ms™

2004

34. A massof 0.5kg moving with a speed of 1.5ms™ on a horizontal smooth surface, collideswith a

nearly weightless spring of force constant k = 50Nm™ . The maximum compr ession of the

spring would be
Q- l“mm\l

a)0.15m b) 0.12m c) 1.5m d) 0.5m
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35. A 30gbullet travelling initially at 500ms™ penetrates 12cm into wooden block. The average
for ce exerted will be
a) 31250 N b) 41250 N c) 31750N d) 30450N

36. A thin uiform rod of massm and length is hinged at the lower end to a level floor and strands
vertically. It isnow allowed to fall, then itsupper end will strike the floor with the velocity
8 +/2g! b) \/5gl ¢)y/3dl d) Jmgl

37. A cylinder of mass 10kg rolling on arough plane with a velocity of 10ms™. If the coefficient of
friction between the surface and cylinder is 0.5, then before stopping it will cover a distance of
(take g =10ms™)
a) 10m b) 7.5m C) 5m d) 2.5m

Power

2010

38. A cyclist ridesup ahill at a constant velocity. Deter mine the power developed by the cyclist if
thelength of the connecting rod of the pedal isr = 25cm, the time of revolution of therod is
t = 2sand the mean for ce exerted by hisfoot on the pedal isF = 15kg
a) 1156 W b) 215.6 W c) 15.6 W d) 11.56 W

39. A body of mass 10kg moves with a velocity v of 2ms™ along a circular path of radius8m. The
power produced by the body will be
a)10Js™ b) 98Js™ C)49Js™ d) zero

2008

40. Water fallsfrom a height of 60m at therate of 15kgs™ to operate a turbine. The losses dueto
frictional forcesare 10% of energy. How much power isgenerated by theturbine ?
(Take g =10ms™?)
a) 8.1 kw b) 10.2 kW c) 12.3 kW d) 7.9 kw

41. A motor isused to deliver water at a certain rate through a given horizontal pipe. To deliver
n-timesthe water through the same pipe in the same time the power of the motor must be
increased as follows
a) n-times b) n*—times ) n’—times d) n*—times

42. A machineisdelivering constant power to drive a body along a straight line. What isthe

relation between the distance travelled by the body against time ?

a) s%ect® b) §?oct™ C) §° o< t? d) sot®
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43. A particle of massm ismovingin acircular path of constant radiusr such that centripetal

acceleration a_ varying with timeis a_ = k’rt*, wherek isa constant. What isthe power
delivered to the particle by the force acting on it

a) 2mkr’t c) mkrt d) mk?rt?

2006

44. A body isinitially at rest. It undergoes one-dimensional motion with constant acceleration.

The power delivered toit at timet isproportional to

a)t'? b) t o)t¥? d) t

KEY
1) ¢ 2) b 3y b Hc S b 6a )b gp 9 ¢ 10)c
11)b 12) d 13)al 14)d  15b  16)c| 17d| 1gp 19)b| 20)a
21)d 22) a 23)a) 24)c| 25b  26)c| 27)b|  28)¢] 29)a 30)d
31)a 32) a 33)b) 34a 3)a  3B)c| 37al  38)a 39d 40)a
41)c 42) a 43)c| )b

HINTS

Work

1. Work done = Areaunder the graph =2x(7-23) +%>< 2x(12-7)=13J

2. Impulse [J|=|Ap| = Mv - (-Mv) = 2Mv
3. Total mass = 940 + 60 = 1000 kg
T-mg=ma
T-1000x 10=1000x 1
T =11000N

4. Initial height of centre of gravity :%

Final height of centre of gravity = g
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11.
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b a b-a
Work done = ——— = -—
mg{z 2} mg{ 2 }

W = area of rectangle + area of triangle= 3><3><%><3><3 =13J

We have P x 40% :VTV

746 40 W
= X =

4 100_( 600><27rj
27T X
60

=W=7.46J
u? 25

T 29 2x98

Work done by gravity force W = mgh= 0.1x g x cos180°

2x9.8
~W= —O.1><§ =-1.25J
2
v=u+a
.. 20=0+ax 10
Or a=2ms>

But,s=ut+%at2

Or s=0+%><2><10><10 ors=100m

.. Work done
W=FxsorW=maxs=50x2x 100 =10*J
Tension in the string is along the radius of circular path adopted by the bob, while displacement of
the bob is along the circumference of the path. Hence, again F and sare at 90° and so W =0
Acceleration of the particle
a= v = 4 (0.7¢c) =0 (- c=constant)
dt dt
Hence force on the particle. Thus work done by a particle will be zero
Net work done

W = potential energy stored in the spring + loss of potential energy of mass

:mg(h+d)—%kd2
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14.

15.

16.

17.

18.

19.
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Work done = force x displacement

} 104
FON) |

wm ©
X
=

4 5 6x(m—

e
zn}---

= areaof OAM + areaof ABNM + area of CDEN — area of EFGH + area of HIJ

:%x1><10+1><5—1><5+%><1><10 =20J

Energy

The potential energy of a system increases if work is done by the system against a conservative

force.
—AU =W

conservative force

myv, =myV, = 4v, =8x6 = v, =12ms™
Kinetic energy of the other mass A= % m,VA = %x4>< (12)°=288J

Angular velocity is given by

@=600rad / min

=20zrad/s

K=11a2+lme =1 +1m(ra))2 _Liasxr x (207)? N 4.8x (207r)* x1?
2 2 2 2 2 4 2

=144072)

If V' isthefinal velocity of the wagon, then from the principle of conservation of linear momentum,

5x10°x1.(5x10° +10°) x V'
vV =1ms™

Changein KE =%(6><103)><12 —%(5><103)><(1.2)2= 1560 J

Concept
2 242
2m  2m t

From conservation of linear momentum

3u
MY+ LY, = MY MY, = MY, =~

From conservation of kinetic energy ,
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1 -, 1 , 1 , 1
E”M*'Emzuz:Eleﬁ'Eszz

15u?
8

=my; =

m, =1.2kg
From work-energy theorem

2
%m\/z:Fx:x:mV

But when the makes turn, then

Itisclear that x=— i.e. by the same retarding force the car can be stopped in aless distance if the

driver apply brakes. Thisretarding forceis actually friction force
Kinetic energy of both « -particle and proton

= potential energy of two particles

_(29)(8) _ 2x(1.6x107"°)*x9x10°
Are 107
Asinitial momentum of two particlesis zero, their final momentum must also be zero

.. Numerical value of momentum of each particle = p
2

KE of proton = P E(say)
2m

=46.08x107"°

p> E

2(am) 4

Kinetic energy of o -particle =
Total kinetic energy = E +% =46.08x10"J

~E= gx 46x107°J =36.8x10°J

—19
~KEof a— particlecw =29.2x10™J

From energy conservation %mvriax =mg(H,-H,)

Here H, = minimum height of swing from earth’s surface = 0.75m
H, = maximum height of swing from earth’s surface = 2m
% mvZ,, =mg(2-0.75)

www.sakshieducation.com



23.

24,

25.

26.
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Or v =+/2x10x125 =5ms™

According to conservation of energy

Or mg(H ~h,) =2 m/

Or v=,/2g(100-20)
Or v=+/2x10x80 = 40ms™

Kinetic energy EK:%rmz...............(i)
Llinear momentum  P=mv............... (i)
. . mv>  p?
Fromegs (i) and (ii)), E, = =—
egs (i) and (ii),  E o = om
s p=4/2mE,
When E, =E
PP
2m  2m,
Or&: ﬂ Or &:i
p, \m, P 3

Velocity at the time when knife edge strikes wooden floor is /2gh .

From work-energy theorem, we have
0-tmvo—Fs>F = |v|gD
2 S

From conservation of linear momentum

Binita = Pina

0=mvy,-my,

or- )
v, m

Thus, ratio of kinetic energies
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Ernlvz 2
E_2 ﬂx(&] _m
m

E, Lmyz ™oL

In order to climb a height h the boy utilizes potential energy = mgh
In order to climb he will use the efficient energy

Also 1kJ =10°J
Energy of one bread = 21kJ= 21x10°J

Energy consumed by boy = %x 21000=5880J......... ()

From law of conservation of energy,
~.mgh=40x9.8xh

Equations Egs (i) and (ii) we have
40 x 9.8 x h = 5880

he 5880 —_15m

© 40%x9.8

At a 30ft height, the velocity of both the masseswill be equdl ie, v, =v, =V

1,
— MV
ths Keo2™ _m_2_1
'K, 1 > m 4 2
— MV
2mz

When stoneis at its lowest position, it has only kinetic energy given by

K:Emu2
2

At the horizontal position, it has energy

E:U+K:%mu2+mgl

According to conservation of energy
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L —lmu2+mgl
2 2

Or %mu2 :%muz—mgl

Or u'= m

|Au|=|u| = Ju'? + U2 + 2u'u cos90°
AU =u? +u?

=2 - g)

30. Initia kinetic energy of the body =% nmv

2

1
=>-m(4)> =8m
oM
mgh = 4m

Or hzizi:OAm
10

g
31. According to work — energy theorem, work done = change in kinetic energy of the body

~W=K, —K,

Or F.dx=K, —%mvi2

Or F.dx=K, —%xle(lO)Z

Or F.dx=K, —500

or [ (=/=0.D)x dx=K, —500
rLZZO(— =0.D)x dx=K, -

(307 _ (207

Or —0.1{ }z K, =500

Or K, —500=—0.1(450— 200)
Or K, -500=-25
- K, =500-25=475]

32. Concept

. 75 )
33. Potentia energy =——x12=9J ............. i
Y =100 ()

Now, KE of the mass at the end of fall
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KE==nmVv".......cooeoient. i

; (i)
Applying law of conservation of energy,
Lvi-o
2

v= 22 _ Jigms?
m

By the law of conservation of energy,

ln,NZ:lkXZ
2 2

, MV mv’ (o.5><1.5><1.5j
SoX = > X= = X= -
K k 50

From kinetic energy relation

lv=Fs
2
2 -3 2
or F = mv" _ 30x107°x(500) 31950 N

2s 2x12x107°

The kinetic energy at the point Q is given by

==

1., 1m?V?

2 2 31

11 .,
==X=NV

2 3

The potential energy at G:% mgl

2

1mv 1
From egs (i) and (ii), we get = =—
egs (i) and (ii) get S—-=5md

v=,/3dl
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A body of mass m moving with velocity v, possess kinetic energy given by

Where u is coefficient of kinetic friction, m is mass, g is gravity and sis displacement.
Equating egs (i) and (ii) we get

1 -

—mv? = umgs

2

Where %m\/2 = %xle (10)* = 500kg —ms™

Given v=10ms~, x# =0.5m, m=10kg, g =10ms™

1
~xmx (10)°
S
Mg 0.5x10
Power
Linearvelocityv:ra):r(z_”jzlxz_”zﬁ -1
r 4 2 4

Power, P = Fxv=15x 9.8><% = 115.6W

Power is defined as the rate of change of energy in a system or the time rate of doing work

_dE_dw
da dt
Work=force x displacement =F x d

soP=3(Fxd)=Lx0=0
d d

Power generated by the turbine
P X 0 _ Mgh>< 90

100 t 100
Putting he given values

P

generated =

% =15kgs™, g=10ms?, h=60m

** ' generated

P aes = (15x10%60) X2 =8, 1kW
100

www.sakshieducation.com



41.

42.

43.

www.sakshieducation.com
Mass flowing out per secondm= Avp. ...............(I)

Asm =nm,V =nv

.-.E,:n3
P
=P

"=n’P
Power =[ML?T ~*] = constant

2
{ ML } = constant

T3

[P e [T%] or &% o t?

2

Centripetal acceleration a, = VT =Kk°rt?

= Vv =Kk?r’r?

KE :imv2 :lmkzrzt2
2 2

According to work energy theorem, change in kinetic energy is equal to work done

~W= L mk?r %t?
2

Thus, power delivered to the particle
P= w_ mk?r ’t

dt
Power delivered to the body

P=F.v=mav

Since, body undergoes one dimensional motion and isinitialy at rest, so

v=0+gt
~P=magt Or Peot
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