th

Chapter 5. Work, Energy and Power

Consider a drop ol rain water having mass
| g falling from a height of 1 km. It hits the
ground with a speed of 50 ms ' Take ‘g’
constant with a value 10 m s* The work done
by the (1) gravitational force and the (1) resistive
force of air is

(@) (i)1.251] (i) —8.25 J

(by (1) 100 T (1) 8.75]
(¢) (1) 10 ] (11) =8.75. ]
(d)y (1) =10 (11) —8.25 ]

(NEET 2017)

A bullet of mass 10 g moving horizontally with

a velocity of 400 m s strikes a wood block of

mass 2 kg which 1s suspended by lLght
inextensible string of length 5 m. As a result,
the centre of gravity of the block foundtorise
a vertical distance of 10 em. The speed ot the
bullet after it emerges out horizontally fromi the
block will be

(@) 100ms"'
(¢) 120 m s !

(b) 80 ms™

(d) 160 m¥ :
NEET-IT 2016)

Two 1dentical balls .4 and B having velocities

of 0.5 m s and <3 m ' respectively collide

clastically in one dimension. The velocities of

B and /1 afier the eollision respectively will be

() 08mstand 03 ms

(b) 0Fm s and 03 ms"

(¢c) 03ms'and05ms"’
(d) O3ms'tand 0.5 ms!
(NEET-II 2016, 1994, 1991)

A particle moves from a point (-2i+5j) to

(4j+3k) when a force of (4i+3j) N is
applied. How much work has been done by the
force ?
(a) 81

(b) 117 (¢) 31 (d) 2]

(Neet-Il 2016)
A particle of mass 10 g moves along a circle of

radius 6.4 em with a constant tangential
acceleration. What 1s the magnitude ol this

acceleration 1if the kinetic energy ol the particle
becomes equal to 8 * 107 J by the end of the
second revolution after the beginning of the
motion?

(a) 0.18 m/s”

(¢) 0.1 m/s*

(H) 02 m/s
@ 0.15 m/s
(NEET-I 2016)

A bodyol mass 1 kg'begins to move under the
action of @« ftime dependent [lorce
I.j‘:*-{;..’t'?iﬁ%-ﬁtz _ﬁN, where i and } are unil
veetors along x and y axis. What power will be
developed by the force at the time 7
) 2F +3H W (b) 26 +36) W
¢) 2r+3H W (d) 2 +4ry W
(NEET-I 2016)
What 15 the mimmimum velocity with which a
body ol mass m must enler a vertical loop ol
radius K so thal 1t can complete the loop?

() 3gR (b) \[5gR
(©) \JgR (d) 2gR

(NEET-I 2016)
Two particles A and B, move with constant
velocities ¥ and v,. Al the mitial moment therr
position vectors are 5 and 7 respectively.
The condition for particles .4 and B for their
collision 1s
(@) KXV =15XV, (b) i—nBn=v-»

'FJIFFE = ijlqi;l

(

o

A [F-5| |V, =¥

The heart of a man pumps 5 litres of blood
through the arteries per minute at a pressure of
150 mm ol mercury. If the density of mercury
be 13.6 x 107 kg/m* and g = 10 m/s* then the
power (1 watt) 15

(a) 3.0 (by 1.50

(¢) 170  (d) 2.35

(2015)
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10,

11.

12.

13.

14.

A ball 1s thrown vertically downwards Irom a
height of 20 m with an mitial velocity v, It
collides with the ground, loses 50 percent of
its energy n collision and rebounds to the
same height. The mitial veloeity v, is

(Take g =10ms)

(a) 28 m s ! by 10m s’

(¢) 14ms | (d) 20 m s | (2015)

On a fnictionless surface. a block of mass M
moving at speed v collides elastically with
another block of same mass A which 1s imtially
at rest. Alter collision the first block moves at
an angle 0 to its mitial direction and has a speed
v

3 The second block™s speed alter the

collision 15

; J3

=) e
(a) r—z (b) 11
242 3
(C) Tl' (d) 11’ (2015)

A particle of mass m 1s driven by a machine
that delivers a constant power & watts. II the
particle starts from rest the force on the particle
al ime { 1s

1 e
(a) 2mk 172 (b) 5 mk t o
mk =179 m_ 3
() 5 ! : (d) ok ?

(2015 Cancelled)

A block of mass 10 Kg. moving-in x direction

with a constant speed of 10 m 57", 1s subjected

to a retarding foree F = 0. Ix J/m during 1ts travel

from x = 20 mae:30'm. (5 final KE will be

(a) 2751 () 280T (c) 4751 (d) 4501
(2015 Cancelled)

Two partielesof masses m,, m, move with initial
velocities n.and u,. On collision, one of the
particles get excited to higher level, after
absorbing energy €. If final velocities of particles
be v, and v, then we must have

\ ]n E+Imuz £ Iu'u2+]ﬁrmz
(@) =My v—Mhlly —E=—MV| TV,
2 2 2 2
] il ] a I. 1PE I. i B

2 7
(b) St te=omy ¥ oy

2
(c) JHEH +FH$L"1 —E=my Vv -I'H'J'r%!f’
B F et ] g

L 2 T

{;_]} EHT]H['+E!113II'§:EH1]F]“+EJHEFE —B

(2015 Cancelled)

15,

16.

L7,

18.

19.

20,

Two similar springs P and O have spring
constants K, and K, such that K > K o They
are stretched first by the same amount (case a).
then by the same force (case b). The work done
by the springs IV, and IV, are related as, in case
(a) and case (b) respectively

(@) Wp=>Wg . Wo>Wp
(b)y Wp<Wy . Wg<Wp
(©) Wp=Wg, Wp>Wy
(d) Wp=Wy i Wp=W,

A body of mass (4m) 1s Iying in x-v plane at
rest. It suddenly explodes nto three pieces.
Two pieces, each ©of mass (m) move
perpendicular to cagh.other with equal speeds
(v). The total kinetie encrgy generated due to
explosion 1

(2015 Cancelled)

3 ;
(h) z;mrz (¢) 2Zmv* (d) 4mn?

(2014)

(a) mv°

A uniform foree of (3:+}] newlon acts on a
particle of mass 2 kg, Hence the particle is
displaced from position (2j+k) metre to
position (4i + BE—E} metre. The work done by
the force on the particle is

(a) 131 (by 1531  (¢)

91 (d) 61

(NEET 2013)

A particle with total energy £ 1s moving n a

potential energy region U(x). Motion of the

particle 1s restricted to the region when

(a) Ulx)<E (b) Ulx)=10

() Ux) <k (d) Ux)=>E
(Karnataka NEET 2013)

One coolie takes 1 minute to raise a suilcase
through a height of 2 m but the second coolie
takes 30 s to raise the same suitcase to the
same height. The powers of two coolies are 1
the ratio
(a) 1:3

(b) 2:1 (¢) 3:1 (d)y 1:2

(KNarnataka NEET 2013)

The potential energy of a particle in a force

oy A B
fieldis U=———

r r
constants and r1s the distance of particle from
the centre of the field For stable equilibrium,

the distance of the particle 1s
B 2A A
b) 5 (&)

2A B

where A and B are positive

A
(2012)

(a) (d)
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21.

22,

23.

24.

A solid eylinder of mass 3 kg 1s rolling on a
horizontal surface with velocity 4 m s' It
collides with a hornizontal spring of lorce
constant 200 N m™'. The maximum compression
produced in the spring will be

(@) 05m (b)) 06m (¢) 07m (d) 0.2m

(2012)

Two spheres 1 and B of masses m, and m,
respectively collide. A 1s at rest imtially and B
1s moving with veloeity v along x-axis. After
colliston B has a velocity 1 a direction
perpendicular to the original direction. The
mass .1 moves after collision in the direction
(a) same as that of B

(b) opposite to that of B

(0) 8= tan_l(%J to the x-axis

(dy B= tan'T(—;] to the x-axis (2012)

A car of mass m starts Irom rest and accelerates
so that the mstantaneous power delivered to
the car has a constant magnitude P, The

instantaneous velocity of this car 1is
proportional to
t
a Fjl'.l 'h .fl."l ¢ { 1/2 '. -
(a) " (b) (c) (d) I

Mdains 2012)

The potential energy of.a §ystein increases 1f
work 1s done

(a) upon the svstent by 'a nonconservative
force,

(b) by the sysfem against a conservative
force,

(¢) by the system against a nonconservative

foree.

upon the system by a conservative force,
(2011)

(d)

. A body projected vertically from the earth

reaches a height equal to earth’s radius belore
returning to the earth. The power exerted by
the gravitational force 1s greatest

(a) at the highest position of the body.

(k) at the mstant just before the body hits the
earth,

(c¢) 1t remains constant all through.

(d) at the instant just after the body 15
projected. (2011)

26.

27.

28.

43

A particle of mass m 1s released from rest and
follows a parabolic path as shown. Assuming
that the displacement of the mass from the
origin 1s small, which graph correctly depicts
the position of the particle as a [unction of
time?

V()

\j‘”f
0 —>[)
*.‘!.‘U_]
l].%r

A x(l)

- N >
(b) ﬂ/[\"x

(a)

(2011)

(d) urf“\thfgf' "

Force / on a particle moving 1n a straight line
varies with distance d as shown in hgure

. L .
D 3 7 12 d(m)

The work done on the particle during 1ts
displacement of 12 m 1s
(a) 18] (b) 211

(c) 261 (d) 131

(2011)

A mass m moving horizontally (along the
x-ax1s) with velocity v collides and sticks to a
mass ol 3m moving vertically upward (along
the y-axis) with velocity 2v. The final velocity
of the combination 1s

) ™y A *

(a) %m’ + %zﬂ; (h) i'{!!: +§z;f

A2 o A 1o4

(c) Ef*f + EI’} (d) Et!f 4 Etr;
(Mains 2011)
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29,

30.

3l1.

32.

33.

34.

35.

A ball moving with velocity 2 m/s collides head
on with another stationary ball of double the
mass. [ the coelficient of restitution 1s 0.5, then
their velocities (in m/s) after collision will be
(a) 0,1 (b) 1,1 (¢) LLO5 (d) 0,2
(2010)

An engine pumps water through a hose pipe.
Walter passes through the pipe and leaves 1t
with a velocity of 2 m/s. The mass per unit
length of water in the pipe 15 100 kg/m. What 1s
the power of the engine?

(a) 400 W (b) 200 W
(c) 100W (d) 800 W

A particle ol mass M, starting [rom rest,
undergoes uniform acceleration. If the speed
acquired m time 7' 1s 1, the power delivered to
the particle 1s

2010)

(a) MV (b) L
v R 2 T2
© 2 ey 2

T2 2 T

(Mains 2010 )

A block of mass M 1s attached to the lower aru:l.

of a vertical spring. The spring 1s hung from a
ceiling and has force constant value & The
mass 18 released from rest with the gpring
initially unstretched. The maximum extension
produced 1n the length of the spring will be

(a) 2Mg/k b ek
(¢c) Mg/2k (dy Mgk

A body of mass 1 Kg 1s thrown upwards with a
velocity 20 mfs: It mementarily comes to rest
after attaining & height of 18 m. How much
energy 4§ lost-@ue 1o air friction? (g = 10 m/s?)
(a) 30 M) 401 (¢) 10J (d) 20)
(2009)

(2009)

An explosion blows a rock into three parts. Two
parls go ofl at nght angles to each other, These
two are, 1 kg first part moving with a velocity
of 12 m s " and 2 kg second part moving with a
velocity 8 m s ' If the thard part flies off with a
velocity of 4 m s, its mass would be
(a) Tkg (b) 17Tkg (e) 3kg (d) Skg
(2009)

An engmme pumps water continuously through
a hose. Water leaves the hose with a velocity v

36.

37.

3N,

39.

40,

41.

and m 15 the mass per unit length of the water
jet. What 1s the rate at which Kinetic energy 1s
imparted to water?

(a) mv’ (b) % my*
| . o | 3 \
) =mTv — mv 2009
(¢) 5 M (d) 5 M ( /
A shell of mass 200 gm 15 ejected from a gun of

mass 4 kg by an explosion that generates 1.05 kl
of energy. The mitial velocity of the shell 1s
(a) 40ms™! (bY 120uns!

(¢) 100ms! (@ 8rms ' (2008)

Water falls from a height of 60 m at the rate of
15 kg/s to operale a tarbine. The losses due to
[rictional forees are 10% of energy. How much
power 1§ generated by the turbine 7 (g = 10 m/s7)

(a) 1253KW (b) 7.0kW
(c) BIKW (d) 102 kW (2008)
A wertieal spring with force constant & is [ixed

on atable. A ball of mass m at a height i above
the free upper end of the spring falls vertically
on the spring so that the spring 1s compressed
by a distance . The net work done i the process 1s

(@) me(h+d) —%k{l’z

(b) mg(h—d) —Emz

! d?
3

(¢) mglh=d)+—

(d) rng{h+ﬂ'}+%kd?' . (2007)

300 1 of work 1s done 1n shding a 2 kg block
up an inclined plane of height 10 m. Work done
against friction 15 (Take g = 10 m/s®)

(a) 1000 ] (b) 2001
(¢) 100 (d)y zero. (2006)
The potential energy of a long spring when

stretched by 2 em 1s U/, I the spring 1s stretched

by 8 cm the potential energy stored 1n 1t 1s

(a) O7/4 (b) 40/ (c) 8U (d) 1607
(2006)

A body of mass 3 kg 1s under a constant force
which causes a displacement s 1n metres n 1,

I 5 i
Ef" where { 1s 1n
seconds, Work done by the force in 2 seconds 15

given by the relation s =
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42.

43.

44.

46.

19 5
(a) ?] (b) EJ
3 8
i, 2 T 2= 5
(c) 3 (d) 3 (2006)

A bomb ol mass 30 kg at rest explodes mnto
two preces of masses 18 kg and 12 kg. The
velocity of 18 kg mass 1s 6 m s7!. The kinetic
energy of the other mass is

(a) 3241 (b) 486
(¢) 2561 (d) 524 1. (2005)
A force F acting
F(N) 1

?l'

e !

” i 1 1: 1 1 1 T "

2 3.4 306 A
rimim)

on an object varies with distance x as shown

here. The force 1s in N and x in m. The work .

done by the force i moving the

object fromx=0tox=6mis

(a) 18.01] (b) 13.51]

(¢) 9.0 (d) 451 (2005

A particle of mass m; 1s moving with.a welocity
v; and another particle of mass mg s moving
with a veloeity vo, Both ofithem have the same
momentum but their différen! kinetic energies
are I and £, respectively [f mi; > m, then

E_m
{‘l} E] < E: {h\:' EE s
(c) k£ > E, (d) E, = £, (2004)

. A hallot mass® kg and another of mass 4 kg are

dropped wgether from a 60 feet tall building.
After a fall of 30 feet each towards earth, their
respective kinetic energies will be in the ratio of
(@) 2:1 (by 1.4

(6) 1:2 (d) 1:42

A mass of 0.5 kg moving with a speed of
1.5 m/s on a horizontal smooth surface, collides
with a nearly weightless spring ol force
constant &= 30 N/m. The maximum compression
of the spring would be

O— )

(2004)

47,

48.

49.

50.

45

(a) 0.15m (b)y 0.12m
(¢) 1.5m (d) 0.5 m (2004)
When a long spring 1s stretched by 2 cm, 1ts

potential energy 1s [/, Il the spring 15 stretched
by 10 ¢m. the potential energy stored 1t wall
be

(a) /3 (b) U7
(¢) 1oL (d) 25U (2003)
A stationary particle explodes into two particles

of masses m and m- which.move 1n opposite

directions with velocities v and v ». The ratio

of their kinetic energies & JE5 is

(a) m~im, (B m/m;

(c) 1 @ mvalmav,
(2003)

I kKinetic energy ol & body 1s mcreased by

300% then percentdge change in momentum

will be

(a) 100% (b) 150%
W) 265% (dy 73.2%. (2002)
A ehifld is sitting on a swing. Its mmimum and

maxunum heights from the ground 0.75 m and
2 m respectively, 1ts maximum speed will be
(a) 10 m/s (h) 5 m/s

(¢) 8 m/s (d) 15m/s. (2001)

. Two springs /1 and B having spring constant

K and Kg (K ;= 2Kp) are stretched by applying
force of equal magnitude. If energy stored n
spring A 1s £ then energy stored in 8 will be
(a) 2K, (b) £,4/4

(c) E,/2 (d) 4k, (2001)

. A particle 15 projected making an angle ol 45°

with horizontal having kinetic energy K. The
kinetic energy at highest point will be

K . "
(a) (b) % © 26 (@K

V2
(2001, 1997)

A F =(60i +157 —3k) N and v = (2i —4 ] + 5k) nv's,

then instantaneous power 1s
(a) 195 wall (b) 45 wall
(¢) 75 wall (cd) 100 watl, (2000}

. A mass of | kg 1s thrown up with a velocity

of 100 m/s. After 5 seconds, 1t explodes into
twao parts. One part of mass 400 g comes down
with a velocity 25 m/s. The velocity of other
part 1s (Take g = 10 ms ™)

(a) 40 m/s (b) 40 m/s

(c) 100 m/s (d)y 60mfs (2000)
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60).

61.

62.

. Two bodies with kinetic energies n the ratio

ol 4 : 1 are moving with equal linear momentum.
The ratio of their masses 1s
(a) 4:1 by 1:1

(e) 1:2 (dy 1:4. (1999)

. Two equal masses m, and m, moving along

the same straight line with velocities + 3 m/s
and =5 m/s respectively collide elastically. Their
velocities after the collision will be respectively
(a) — 4 m/s and +4 m/s

(by +4 m/s for both

(¢) =3 m/s and +5 m/s

(d) =5 m/s and + 3 m/s, (1998)

. A force acts on a 3 g particle in such a way

that the position of the particle as a function
of time 1s given by x = 31 = 412 + £, where x
15 1n metres and 1 1s 1n seconds. The work
done during the first 4 second 1s

(a) 490ml (b)y 450 ml

(¢} 376ml (d) 530mlJ. (1998)

. A shell, in fhght, explodes nto four unequal

parts. Which of the following 1s conserved?

(a) Potential energy  (b) Momentum

(¢) Kinetic energy (d) Both (a) and (<)
(1998}

. Two bodies of masses m and 4m are moving

with equal kinetic energies. The ratio of ther
linear momenta 1s
(a) 1:2 (b) 1:4 (e ol | T b
(1998, 997, 1989)
A metal ball of mass 2 kg moving with speed
of 36 km/h has a head on collision with a
stationary ball of mrass 3 kg If after collision,
both the balls meve.as a single mass, then the
loss in KJAE doe to collision 1s

(a) 100 (by 140

(c) 40) (d) 60T (1997)

A body morves a distance of 10 m along a

straight [ine under the action of a 5 N force. If

the work done 1s 25 I, then angle between the

force and direction ol motion of the body 1s

(a) 60 (by 75°

(¢) 30¢ (dy 45° (1997)

A moving body of mass m and veloeity 3 knmvhour

collides with a rest body of mass 2m and sticks

to 1t. Now the combmed mass starts o move,

What will be the combined velocity?

(a) 3 km/hour (b) 4 km/hour

(¢} 1 kmvhour (d)y 2 knvhour,
(1996)

63.

64.

63.

66.

67.

68.

69.

The potential energy between two atoms, mn a
e a b

molecule, 1s given by U (I)= 7~ ¢ Where a
4

b
and b are positive constants and x 1s the

distance between the atoms. The atom i1s In
stable equilibrium, when

- E |/
{_‘1} .‘f?

o iy I/t
(¢) x=1 (dy X= 5h

" (1995)
A body. constramed fo mowe in y-direction,

fhrce by

ﬁ:(—2f+15j+ﬁ£]N The work done by this
force in moving the body through a distance
of 10jm along p-axis, is

(a) J&DT (b) 20

(¢c) 190 (d) 1601J. (1994)

Ehe kinetic energy acquired by a mass m in
avelling distance o, starting from rest, under
the action of a constant force 1s directly
proportional to

(a) m (b) m"

(¢) m () 1/\Im

A position dependent force, /= (7 - 2x +3x°) N
acts on a small body of mass 2 kg and displaces
it from x =0 to x =35 m. The work done n joule

1s subjected @ a given

(1994)

E

(a) 135 (b) 270

(e) 35 (dy 70. (1994, 1992)
When a body moves with a constant speed

along a circle

(a) no work 15 done on 1t

(b) no acceleration 1s produced mn 1
(¢) s veloeity remains constant

(d) no force acts on 1it. (1994)

Two masses of 1 gand 9 g are moving with equal
kinetic energies. The ratio of the magnitudes of
their respective linear momenta 1s

(a) 1.9 (b) 9:1
(e} 1:3 (d) 3:1 (1993)
A particle of mass M 1s moving in a horizontal

circle of radius R with uniform speed v. When
it moves from one point to a diametrically
opposile point, 1its
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70.

(a) kinetic energy change by Mv*/4

(b) momentum does not change

(¢) momentum change by 2Mvy

(d) kinetic energy changes by Mv* (1992)

How much water a pump of 2 kW can raise i one
minute to a height of 10 m ? (take g = 10 m/s%)
(a) 1000 litres

(b) 1200 hitres

(e) 100 hitres

(d) 2000 litres (1990)

47

71. A bullet of mass 10 g leaves a rifle at an 1mtial

veloeity of 1000 m/s and strikes the earth at
the same level with a veloeity of 500 m/s. The
work done n joule overcoming the resistance
ol air will be
(a) 375

(c) 5000

(b) 3750

(d) 500 (1989)

72. The coelficient of restitution e for a perfectly

elastic collision 1s

1. (¢ 2. (¢) 3. (b) 4. (¢) § (¢)
11. (&) 12. (¢) 13. (&) 14. (a) 15. (a)
21, (b) 22. (d) 23. (b) 24. (b) 25. (b)
31. (d) 32. (a) 33. (d) 34. (d) 358 (d)
41. (d) 42. (b) 43. (b) 44. (a) 45. (¢
51. (a) §2. (b) S§83. (b) S§4. (c) 55 (d)
61. (a) 62, (¢c) 63. (a) 64. (a) 65, (b)
71. (b) 72. (a)

( Answer Key |

6.

16.
26.
36.
46.
56.
06.

(a) 1 (b) O

(¢) oo (d) (1988)
b 7. (b)) 8 (¢ 9. (¢) 10. (d)
(by 17. (¢) 18. (¢) 19. (d) 20. (b)
(a) 27. (d) 28. (b)y 29. (a) 30. (d)
(¢) 37. (¢) 38. (a) 39. (¢) 40. (d)
(a) 47. (d) 48. (a) 49. (a) 50. (b)
(d) §7. (¢) 58. (b) §9. (a) 60. (d)
(a) 67. (a) 68, (c) 69. (¢) 70. (b)
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1. (¢):Here,m=1g=10"kg, h=1km= 1000 m,

v=50ms'g=10ms~

(1) The work done by the gravitational force
=mgh=10"=10x= 1000=10J

(1) The total work done by gravitational force and

the resistive force of air 18 equal to change n kinetic

energy of ramn drop.

r o l ;'1_
W = 5 (0

10+ = -%—,':v-:lﬂ'1 X0 X50 or W =875

2. (¢):Massof bullet, m=10g=001 kg
Imitial speed of bullet, v = 400 m s

Mass of block. M = 2 kg

Length of string, / = 5m

Speed of the block after collision = v,
Speed of the bullet on emerging from block,

v="1
ASLLUAARANIANAY, .
' /
[ : ?\.
'

— : - h=10cm =

D | » il BN O = =

ni, i Reference in.w
M. 0

Before collision After collision

Using energy conservation principle [or fhe block,
(KE+PE), . =(KE+PB),
1

= EM"IE =Mgh or, vj= J2gh
vy =V2Xx10x04= 2 ms™!

Using momentum conservation principle for block

and bullet systém.
(M % O+l e o™ M > v, +mv)

Reference

Adfler collision
= 0.01=800=2 2 +0.01 x v

4-2\12

py=———=11715ms'=120ms"'
0.01

3. (b) : Masses of the balls are same and collision

1s elastic, so their velocity will be interchanged after

collision.

4. (c) : Here 7 =(=2i+5/)m. # =(4j+3k)m

F=@i+3)N,W=2

Work done by force F in moving from £ to 5,

W= F-(h—5)= W= (4i+3j)(4j+3k+2i-5]))
= (4i+3])-(2i— j+3k) =8 +(=3)=5]

EXPLANATIONS /00T

5. (c): Here.m=10g=10"kg,
R=64cm=64x10°m K =8x 1041, K =0,a,="
Using work energy theorem,

Work done by all the forces = Change in KE

W + W =Rkl

tangental force centnipetal force

Ky gx107*
= & 4dmtRm 3 22 1
4:{?}-:6.4}-:1{]_2::{][}"

=0099=01ms*
6. (b):Here, F=(2ti431% N, m =1 kg
F(ti+3))N

Acceleration of'the body, #=—=
i m lkg

Velocity ofithe body at trme ¢,

= Iﬁd£-= j(zr}+ 313;‘)dt =i+ r3}‘ ms
Power developed by the force at time ¢,

P=F.-5 = 2ti+32)-(Ci+12 ) W=QF+3)W

7. (b

8. (c) : Let the particles A and B colhide at time 1.

For their collision, the position vectors of both
particles should be same at time 7, i.e.,

1

E+VW=hB+Vat: E—KB=wl—W =V, —v)t ..(1)

i e . |5 =5 |
A]E{L | }i - ".2 | :l 1!1 - FI |l' Or [ = -] :E,
|va = |

Substituting this value ol 1 1n eqn. (1), we get

ORI | o - i
i—h=01-9) =
| vy =¥y |
h=r Va —V
0or _! _rj -—{_'_2 _rl)
li=nl [V=W]|

9. (e¢) : Here, Volume of blood pumped by man’s
heart.
'=5litres =5 % 107 m* (o 1lire= 10" m?)
Time in which this volume of blood pumps,
=1 mn=060s
Pressure at which the blood pumps,
P =150 mm of Hg = 0,15 m of Hg

= (0,15 m)(13.6 x 103 kg/m*)(10 m/s?)

(= P=hpg)
=20.4 = 103 N/m?

Power of the heart= E
4
(204X 10° N/m? )5 107 m?)

=170 W
60 s
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10. (d) : The situation 1s shown i the higure.
Let v be the velocity of the ball with which it collides
with ground. Then according to the law of
conservation ol energy,

7

I Yo

_

Gamn in Kinetic energy = loss 1n potential energy
o kom0 1 3
Le. —my —Enn-'u =mgh

(where m 1s the mass of the ball)

-v{fzzgﬂ )

Now. when the ball collides with the ground. 50%

of 1ts energy 18 lost and 1t rebounds to the same

height A
E( lmv?‘ ] =mgh
100\ 2

or y*

1
EFE =gh or V= 4gh

Substituting this value of v in eqn. (i), we get
doh - 1'5 =2gh

or v3=4gh-2gh=2gh or v = 28k
Here, g = 10 ms 2 and # =20 m

v =210 ms)(20m) =20 mg™

11. (e¢) : The situation is shewn i the figure.

W3
}:
JH _.n-.ﬂ_-v‘!_i-hﬂir'- H ;_:_;.:.l.{?..-.........
Al rest @‘
2 ;
i

Alter collision

Beforeetollision

Let v* be speed of second block after the collision.
As the collision 1s elastic. so kinetic energy 1s
conserved.

According to conservation of Kinetic energy,
7

| | 4L T
—Mv2+l']'=—M(l] +— My’

2 2 3 2

vV 9ty 8,
9 9 9

3 2 2
or vV =v" -

49

12. (c) : Constant power acting on the particle of
mass m 18 k watt,

or P=k
ﬁ =k: dW=kdt
dt
W /
Integrating both sides, I dW = J'Ic dr
= W=kt oW (i)
Using work energy theorem. W = L] my* — —;-nr(ﬂll
L 2 _ .. g
kt = i [Using cquation (1)]
2kt
V=, |—
m

® 2 dv
Acceleration of the particle, @ :E

I [E
) m;‘; 2mit

Faree om the particle, F = ma=

mk  |mk 12
2t 2

I3. (¢): Here,m=10kg, v =10ms!
[nitial kinetic energy of the block 1s

K, =%—mvﬁ = %x(lﬂ kg)x(10ms™)* =500 ]

Work done by retarding foree

Y 30 %
W= [ Fdx=[-0.1 xdx=~0.1| =

Y 20 2 Ja0
=_u_l[9{}u—4m}

2
According to work-energy theorem,
W=K,-X
K=W+K=-25]1+5001=475]

}=—25]

14. (a) : Total imual energy of two particles

1 2 d p
==y +—-nhu
g vt g ned

Total final energy of two particles

T
:-mz'i-"z +—m11r-'] +E
2 2

Using energy conservation principle,

1 3 1 2 1 9 1 2
— U + =Mty =— Vi +— Vs +E
2 2 2 2

- e gt — B o
> U] + S mauy — €= —myyi + = mpv)
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15. (a):Here, K, =~ KE
Case (a) : Elongation (x) in each spring is same.

1 2 1 2
Wp=—Kpx®, Wn=—Kpnx
pEZAp Q=550

Wo>W,
Case (b) : Force of elongation is same.
: P F
8o, xj=—andx,=—
Kp Ko
w2
1 2 1 F
Wp==Kpxjy =——
PP TR,
22
KQ 2 = 1E W, <W,
2 KQ
v
:
"
16. (b): i
m v
2m
v

Let v be velocity of third prece of mass 2ue
Initial momentum, p; =0 (As the body 1s at.reSt)

Final momentum, P; =mvi+my J+ 2n’
According to law of conservation of fMomentum

Pi=Fy

It N
O=mvi+myj+ 2mn’

]_,f-f'l V |"'-

Y ===

3 2
The magmtude ofV' is

oy

Total kinefie emergy generated due to explosion

L...gi 1.3 ,2
=5 my +Emv +§{2m}1

W2
| ) | 2 | v
Erm- +~2~m1 + E{Zm}(ﬁ]
23
= + m; ='Emvz
17. (¢): Here, F =(3i+ j) N

Initial position, | = (2}+ i‘] m

—
—

Final position, 7 =(4}+ 3:1'— E) m

Displacement. ¥ =5 -7

f=(4}+3}'—;:]m—(2}+i’) m =2}+3}—2E m
Work done.
W=FF=(3i+)-(2i+3j - 2k) =
18. (¢)

6+3=9]

19. (d):Power, p = F'#T'nrlc. done

['ime taken

Here work done (= mgh) 1s same n both cases.

Ppb t, 30s 30s 1

—_— -— — —_—
—_— S — ——J—

P, t 1min 60s 2

20. (b): Here, I'.:I—ﬂ—-E
r" I

For equilibrium, LI
dr

21‘1 B 2A B
r ..r- s

For stable equilibrum, "fhl’_f =)

: dr-
d*U _6A 2B
e A 'FE
d~tl _64B* 2B* pB*

>()

2l oum 16A% 847 8A°
So for stable equilibrium. the distance of the particle
. 2A

2 et

B
21. (b) : At maximum compression the solhid

cylinder will stop.

According to law of conservation of mechanical
energy

Loss n kinetic energy = Gain in potential energy of
cylinder of spring

1“11':2 + %Im2 = %jlc:-::I

2
ln l[mﬁ“] —]1—15:3:2?
2 R 27

(' v =Rm and for solid cylinder, I = %—HIRE]
1 ) 1 &, ].

2
Emﬂ“ + 4—mzr~ _ ikI
g’”’f’z = lhj or x° = 3 my~
% 2 2 k

Here.m=3kg,v=4ms' k=200 Nm"

Substituting the given values, we get
2 _3IxX3x4x4
© 2x200
» 36

X~ = 0r

100

=0.6 m
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22. (d): i

After collision

Before collision
According to law of conservation ol hinear
momentum along x-axis, we gel
m, * 0 +m, > v=myvcosd
m.v = mv'cost

m-v
or cosll=—=— (1)
v
According to law ol conservation of linear

momentum along y-axis, we get
iy (&
my X 0+ My X 0= ny o’ sin® + miy 5
8] 3
- ”’25 =nqv sin ()

MAT
sinf = — —a— 5
Zmlzr’ A1)

Divide (11) by (1), we get
tan) = - % or 6= tan_l[ —% ] to the y-axis

23. (b): P =Fv
dv
F = = m—
ma=m-—
e dv
o=V o P dt = nev

il

{
Integrating both sides. we get I Podf=f?lff’tfi’
0

]'I“IIJ'2 d
Pt = - .
o] s gl

n
24. (b)

25. (b): Power, P=F .0 = Fvcosf

Just before hitting the earth 0 = 0°. Hence. the power
exerted by the gravitational force 15 greatest at the
mstant just before the body hits the earth.

26. (a)

27. (d): 4I(N)

91

Work done = Area under (/-d) graph
= Area of rectangle ABCD + Area of tnangle DCE

=2xﬁu3}+%x2xﬂﬂ—ﬁ=3+5=|31

28. (b): /™ 2 y

3m
According to conservation of momentum, we get

m L*F+{3m}2r F = (m+3m)»’

where V 1s the final velocity after collision

- 1 6 I 3
Vi=—vit—v] =—vi+ 1!}
4 4 4 2

29. (a): Here, m =m. m;=2m
u, =2 mis, u,=0
Coellcient.of vestitiuon, e = 0.5
Let v, and w, be their respective velocities afier
collision.
Applying the [aw ol conservation of linear
momentunt, we get
mgr, mg, = myv, +mv,
e W= 24+2mx0=m x v]—I—Zm XV,
or 2m=mv,+2mv,

or 2=(v, +2v) 1)
| By definition of coefhicient of restitution,
ey =t
g=——"=
Hy = 1y
or e —u)=v,~v,=032-0)=v,~v, ..(10)
| =v, — v,

Solving equations (i) and (i1), we get
v, =0m/s, v, =1 m/s
30. (d): Here.
Mass per unit length of water. p = 100 kg/m
Velocity of water, v =2 m/s
Power of the engimne. P = uv? = (100 kg/m) (2 m/s)’
=800 W

31. () : Power delivered in time 715

P=FV=Mal

{HP=NWEE:ﬁ.MT=MWW
aT
MV2 1 MV?=
PT = Pae
=y oar 2 T

32. (a) : When the mass attached to a spring fixed
at the other end 15 allowed to fall suddenly, 1t
extends the spring by x. Potential energy lost by
the mass 1s gamned by the spring.

1 2M
4'1-{;_;;'.74:=~~4='r.'.:2 = X= g.
2 k
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33. (d): Imtal velocity v =20 m/s. m= 1 kg

Kinetic energy = maximum potential energy
i . : 2
Initial kinetic energy = E X1x20"=2001]

Mgh (max) =200 J.
s h=20m.
The height travelled by the body, /' = 18 m

LLoss of energy due to air friction = mgh — mgh’
= Energylost=200J-1x10x18J=201.

34. (d) : When an explosion breaks a rock. by the
law of conservation of momentum. 1nitial

momentum 18 zero and for the three pieces,
v

oy =lkgx12ms |

v
Mav, = 2 kg x 8 m/s

Total momentum of the two pieces | kg and 2 kg
=122 +167 =20 kg ms™
The third piece has the same momentum and in the
direction opposite to the resultant of these two
momenta.
Momentum of the third piece = 20 kg mis™
Velocity =4 ms™

my 20
Mass of the 3™ % = 5 kg
v

35. (d) : Velocity of water 15 v, mass Howing per
unit length 1s m.
Mass flowing per second = mw
Rate of kimnetic energysor KL, per second
] ]

= — ! JI = — o
—z(ﬂﬂ}l E_HW.',

prece =

36. (¢): my=My" =» V'=[£] !
(€) = W

Total KK of the bullet and gun
- lrm': + l,f"fri'la"'2
Ls5. mo

-
Total K E= —mv + =M — "
= > >

lnw |] +£}
Total K. E. 5 [y

1

— 1),

—
—

EHH%}H:LUM{IUDDJ

s 4x1.05x 1000
= ¥'=
0.1x4.2

=100 ms!

= 100°;

37. (¢) : Mass ol water falling/second = 15 kg/s

h=60m., g=10m/s*. loss = 10% r.e_, 90% 15 used.
Power generated = 15 = 10 x 60 = 0.9=8100 W=§.1 kW.
38. (a) : When a mass falls on a spring from a height
it the work done by the loss of granitational

potential energy of the mass 1s stored as the
potential energy of the spring.

I
One can write mg{h+-:¢"}=5kr!2

* A

LV

x,+x\=x=d

3 I 7
/ 1) = —J'G." = —kd*
mg( H-f} 5 5

The two energies are equal.

If work dome is anitial PE. - final PE . 1t 1s zero,
Work dene is tefally converted (assuming there
15 no leosg). The work done in compression or
expansion fs always positive as it is o= x* The
answer expected 1s

mglh+d)- %ﬁ.’dz or, %kﬁfg —mg(h+d) asseen

from options, but 1t 15 not justified,

| Question could have been more specific hike work

done by oscillation.
39. (c) : Loss in potential energy = mgh
=2x10x 10=200 1L
Gain 1n kinetic energy = work done = 300
Work done agamst Inction = 300 — 200 = 100
40. (d) : Potential energy of a spring
= %x force constant X (extension)”

Potential energy o (extension)”.

2 .

v, (Y _ U (2Y
or, ——=| — or, —=|—
U: .1': Uz 5

or, Ul:i or, U5 =16U, =16U. (U =U)
U, 16 &
41, d ._;EI ds 2t tfj.'i'__%
Rk -ty a3
Work done, W:IF{?’S I d’s
di’

= n:d—-;dirfr J"i:u: }r:—dr——_l.rdr
dt= dt
42 4l 4 8
=—[tdt==|— ==x2==1.
30 3[2] 37 3
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42. (b)
angular momentum,

30x0=18=x6+12xv

= 108=12¥y = v=-9m/s.

Negative sign indicates that both fragments move
in opposite direction,

= l:a-f.: 1281 =486 J.

2
: Work done = area under F-x curve

1 5
KE of 12 kg = Emv"
43. (b)

I Ox3
= area of trapezium = Eﬁ{ﬁ"' J)x3 = T =1351

2

44. (a) : Kinetic energy =

2m
%
Ej 1'3']- |"r2?ﬂ'1 E| . s
- . A5 M 2 Mma
Eg ;h / 2 E, m ! 2

s By < Es.
45. (c) : Ratio ol their Kinetic energy 1s given as
KE,  (1/2) mp}
KEs  (1/2) m3

= v* = 2gs (zero initial veloeity)

which 18 same [or both
KE, m 2 1

KE, m, 4 2
46. (a) : The kinetic energy of mass 1sseonverted
into energy required to compress a spring Which 1s
given by

| 2 1. 4
= —my° = —kx*
2 2

—
—

mv” \/ﬂ Sx(l ""u}

=3 ¥ = =0.15 m.
k 30
47. (d): U=—k&® k=8pring constant
U, 'rlz _ 4 . 1
0, = = 00 = =25V,
48. (a) : mywy = mova (conservation ol linear
momentum)

3.2
v s, i,

i 2
I I_-._ 1!1 .fﬂl ﬁ'?j

E (1 2ymy]
E, (1/2ymy:

49. (a) : Let m be the mass of the body and v and
vs be the mitial and final velocities of the body

respectively

Ta— 1.2
[nitial kinetic energy = 3Mv

, — I
Final kinetic energy = SV

[mitial kinetic energy 1s increased 300% to get the
final kinetic energy.

: According to law of conservation of

| =y cos 45° = E

83

| 1 _1 300\
Enn (I + - mn)nn
= W =2y; o wv, =2 (1)

Initial momentum = p, = mv,

Fial momentum = p, = mv,
Py _mvy Vo

=—==73;
py mvy W
100
= -i? — e
P2 =P (I i | ”[})P]

So momentum has nereased 100%.
50. (b) : Drop in PE = maximauim K'E.

mg (2-075=1m? =v= 2025 =5 m/s

. (a) : Energy —%Kﬁa = %_i;_
xd ~ i
By

L7 |

Eﬂ 2 ur EEI’:ZEH'

52. ) : Kuittic energy of the ball = K and angle
of projeetion (B) = 45°.

Velocity of the ball at the highest pomnt = v cos 0
1!

Therefore kinetic energy of the ball

I O g W
2 J2 4 2

§3. (b):P= F-¥= (607 +15]-3k)-(2i —4] +5k)
= 120 - 60 - 13 = 45 watts.

54. (¢) : Velocity afler 5 sec, v=u - gt

= 100 = 10 x 5 = 50 m/s

By conservation of momentum

l x 50=04 x (=25) +0.6 x '
60 = 0.6 x v/ = v" = 100 m/s upwards
2 KE, m 4
: - il . )
55, {ll] . K.E._zﬂf = KEE ”]‘l |
mo_ 1
Sk m, 4
56. (d) : Equal masses after elastic collision

mterchange their velocities.
-5 m/s and +3 m/s.

o d’x .
57. (¢): x=3r—-41"+1 or, E'—T-=—8+ﬁr
2
or d_f =16 or x|j-4=12
dt” =

Work done=F-s=mas=3 = 103 % 16 x 12=576m)
58. (b)
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59. (a) : Mass of first body = m,
Mass of second body = 4m and KI:, = KE,.

Linear momentum of a body

= NV 2mE o< \/{— -
m, _\jm _JI__I
n, 4m 4 2

or p.ip,

60. (d): Mass ni metal ball = 2 kg;

Speed of metal ball (v,) =36 km/h =

of stationary ball = 3 kg.

Applying law of conservation of momentum,

my, +my,=(m, -1 m.v

(2x10)+(3x0) 20

2+3 5

Therefore —

10 m/s and mass

my, + m,v,

O, V= -
| m, + i,

Therelore loss of energy

| a ] o |
= | =my + =5 | = —x(m +m W
5 Tt Ty } 5 (”1 h)

=4 m/s,

=100 -40=060J.

61. (a) : Distance () = 10 m; Force (/) =5 N and
work done (1) =235 1.

Work done (1) = Fs cos 0 = 25

S 25=5x% 10 cosb = 50 cosh

or cosq=25/50=0.5or 0 =060°,

62. (c¢) : Mass of body (m ) = m; Veloeity of first
body () = 3 km/hour: Mas% of sewmid body 1 m
rest (m, ] = 2m and velocity of second body (u,) =
Alter combination, mass of (e hody
M=m+2m=73m

From the law of conservation of“momentum, we get
Mv = muy + maii

or 3mv=(mx3)+2mx0)=73m

or v= 1 kmhour

a b 12a —6b
63. (a): [Lgde=——— o1 — ” =)

or x"= Therefore x = [ = J%
b b

64. (a): Force F=(-21+15]+6k)

distance (d) =

Work done

W=F-d =(-2i+15j+6k)-(10}) = 150 N-m= 150 J

65. (b):

Eﬂ

N and

10 m.

. . 5 »
vV=q-+2as or v-—=1-= 248

F s 2F%
or —(0)? = 2X—Xy§ or V" =— and
i "

1 4 1 2F5
= —=m =—mx——-= Fy.
Kl 2 2 "

Thus K. E. 1s independent ol m or directly
proportional to m",

66. (a) : Force (F)=7 - 2x + 3x* Mass (m) =2 kg
and displacement (¢) = 5 m, Therefore work done

-
(W) = [ Fdx = [(T-2x43x")dx=(Tx—x"+x);
0

=@ x5 +(5)*'=35-25+125=135 1.
67. (a)

68. (¢): —+=—Lx

when L

r-—fH

W P ipg=1s 3
69. ().t On the diametrically opposite points, the
veloeities Tiave same magnitude but opposite
divections. Therefore change in momentum 1s
MW - F=Mv) = 20y

work done = W
time taken 7
but "= mass = gravity = height
M xgxh

!

p=PX_ 2000 x 60
= M Texh 10x10 ~1200ke

i.e., 1200 htres as one hitre has a mass of | kg.

70. (b): Power =

=

71. (b) : Work done = change in kinetic energy of
the body

/= % % 0.01[(1000)* - (500)*] =3750 joule.

72. (a) : Coelfficient of restitution or resilience of
two bodies 1s delined as the constant ratio of
relative veloeity alter impact to the relative velocity
ol the bodies before impact when the two bodies
collide head on. There velocities are i the opposite
directions,

Vo=V

2 ) — .
[hus W g = Constant = —e

2

The constant e 1s known as coell’ of restitution or
resithience ol two bodies. For a perfectly elastic
collision, e = 1 and for a perfectly inelastic collision,
e=0 ThusO0<e< |
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