1. Choose the correct statement (s) from the following ;
(1) In an elastic collision of two bodies, the momentum
and energy of each body is conserved.

(1) The work done by a force on a body in nature, over a
closed loop is always zero.

(111) Inan inelastic collision of two bodies, the final kinetic
energy is less than the initial kinetic energy of the

system.
(@) (1) (b) (i)
(c) (iii) (d) all
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2. A massive ball moving with speed v collides head on with
a tiny ball having mass very much smaller than the mass of
the first ball. If the collision is completely elastic, then the
speed of the second ball after the collision approximately
equal to ;

(@) v (b) 2v

(c) (d) oo

Y
2
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3 Two particles having position vectors F; = (3 i +5])meter
and ry, = (-5 i —3j) meter are moving with velocities
vy =@i +3j)m/sand Vo, = (ai +7j) m/s. If they
collide after 2 second, the value of a ;

(a) 2 (b) 4
(c) 6 (d) 8

MSLIVE



4. A ball ‘4’ of mass 1 kg, moving with speed of 12 m/s,
collides obliquely and elastically with another ball B which
was initially at rest. Ball 4 then moves off at right angles to
its direction with a speed of 5 m/s. The momentum of ball
B after collision is ;

(a) Skgm/s (b) 11 kg m/s
(c) 13kgm/s (d) 17 kgm/s
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5. A particle of mass 4 m which i1s at rest explodes into three
fragments. Two of fragments, each of mass m are found
to move with a speed v each in mutually perpendicular
directions. The total energy released in the process is ;

(@) — mv* (b) mv?

(¢) 5 my (d) %mv2
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6.

If the masses of two balls be as 3 : 2 and their respective
velocities before impact be as 2 : 3 and in opposite
directions, and the coefficient of restitution is 2/3, find with
what velocity will each ball move back with respect to the
original velocity.

(a) 1/3 times the original velocity

(b) 2/3 times the original velocity

(¢) 3/1 times the original velocity

(d) 3/2 times the original velocity
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A particle of mass m moving with a velocity ¥ makes an
elastic one dimensional collision with a stationary particle
of mass m establishing a contact with if for extremely
small time 7. Their force of contact increases form zero to
F linearly in time 7/4, remains constant for a further time
772 and decreases linearly from £ to zero in further time
774 as shown. The magnitude possessed by Fy is

mu 2mu
(a) i (b) 7

dmu 3mu
(c) — (d) AT
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8. A ball of mass 1 kg bounces against the ground as shown
in the figure. The approaching velocity is 25 m/s and the
velocity after hitting the ground 1s 20 m/s. The impulse
exerted on the ball is :

y
(a) 7.8N-s 1 .
g
(b) 27.68 N-s (KZAS m/s 20 m/s
(c) 3IN-s 1 P
(d) 62N-s 45 N30y
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An intense stream of water of cross—sectional area A4 strikes
a wall at an angle 0 with the normal to the wall and returns
back elastically. If the density of water is p and its velocity
is v, then the force exerted in the wall will be

(a) 2Av2p cos 0 (b) 2Av2p cos 0
(c) 24v%p (d) 24vp
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10. Abody of mass m + m, is split into two parts of masses m
and m, by an internal explosion which generates a kinetic
energy E. If after explosion the parts move in the same line
as before, then their relative speed is

@) \/E(ml +1my) b) \/ZE(ml +my)
my +nmy nmym,

© \/E(m1+m2) (@) \/E(m1+m2)
my +my 2my X my
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1. A ball is dropped from a height 4. It the coefficient of
restitution be e, then to what height will it rise after jumping
twice from the ground

(a) eh/2 (b) 3eh
(c) eh (d) e*h
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12. A body falling from a height of 10m rebounds from hard
floor. If it loses 20% energy in the impact, then coefficient
restitution 1s
(a) 0.89 (b) 0.56
(¢) 0.23 (d) 0.18
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13. In figure, if the coefficient of restitution 1s 0.8, what 1s the
maximum angle from the vertical that body B will reach
after the first impact :

(a) 300 \@ 60()
(b) cos™! (0.45) A
—1 1 kg™
0.9995 2.
(©) cos™! (0.9995) )
(d) none 5kg
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14. A ball 1s projected from a point on a smooth horizontal
plane with a velocity u at an angle 0 with the horizontal
and continuous to rebound. If the coefficient of restitution
is e, then range after first rebound is

(a) u” sin 20 (b) eu” sin 20
g g
eu’ sin 20
(c) s (d) none of these
g
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15. Block 4 of mass m is hanging from a vertical spring of force
constant k. Another identical block B strikes the block 4
with velocity v and sticks to it. The value of v for which
the spring just attains natural length is

6m 8m

(a) 78 (b) Tg

24m lem
(c) X g (d) Tg
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16. A particle of mass 2m 1s projected at an angle of 45° with

horizontal with a velocity of 202 m/s. After 1 second
explosion takes place and the particle is broken into two
equal pieces. As a result of explosion one part comes to
rest. The maximum height from the ground attained by the
other partis (g=10 m/sz)

(@) 50m (b) 25 m
(c) 40m (d) 35m
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17 A neutron of mass m collides elastically with a nucleus of
mass M, which is initially at rest. If the neutron’s initial
kinetic energy is kj, the maximum kinetic energy that it
can lose during the collision is ;

(@ ko O
(C) ka02 (d) 4ka02
(M +m) (M +m)
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18 A ball 4, moving with kinetic energy K, makes a head on
elastic collision with a stationary ball with mass n times that
of A. The maximum potential energy stored in the system
during the collision is

(a) Kin (b) bl L
n
(C) (l‘l+l)K (d) nk
n (n+l)
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19 Two identical mass M moving with velocity u; and u,
collide perfectly inelastically. The loss in energy is

M M

(a) 7(urul)z (b) 7<ul—uz>2
M M
(c) T(ul—“z)2 (d) ?(uz—ul)z
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20. Figure shows a smooth spherical ball of mass m striking
two identical equilateral triangular wedges, each of mass
m. The velocity of ball at the instant of impact 1s v,. If e 1s
the coefficient of restitution, then velocity of either wedge
after impact is
7

(a) g(l+e)v0 (b) %(l+e)v0
(©) 3+e), (d) %

MSLIVE



21 Two bodies of mass 1 kg and 3 kg have position vectors
[ +2j+l€ and —3i —2j+/€ , respectively. The centre of
mass of this system has a position vector

(a) —2i +2k (b) -2i-j+k
(c) 2i—]+k d) —i+j+k
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22. Three 1dentical spheres each of radius R are placed touching ¥
each other on a horizontal table as shown i figure. The

. )
co-ordinates of centre of mass are ; |
(a) (R, R) (b) (0,0) )() i

R R R
(c) (595) (d) (R, Ej
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23. The mass per unit length of a non - uniform rod of length

L varies as m = Ax where A 1s constant. The centre of mass
of the rod will be at ;

2
(a) 3 = (b)

1
©) & (d)
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24. Two blocks of masses 10 kg and 4 kg are connected by a
spring of negligible mass and are placed on a frictionless
horizontal surface. An impulse gives a speed of 14 m/s to
the heavier block in the direction of the lighter block. Then,
the velocity of the centre of mass is :

(a) 30 ms ! (b) 20 ms !
(c) 10 ms ! (d) 5ms |
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25. The centre of mass coordinates of a block of shape shown

in the figure is

L L
@ (53

AY

A
L2
L/2
E—
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26 One end of a thin rod of length L and mass M is riveted to
the centre of a circular uniform disc of radius R and mass
M,, such that they are coplanar. The centre of mass of
system relative to centre of the disc is:

M, +M-)L ML
2) (M, 2) (b) 1
2M1 (M1+M2)
ML ML+ M-R
(c) 1 d — 2
2(M, + M) M, +M,
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27 Three thin rods, each of length L, are arranged in an inverted

U, as shown in figure. The two 3M
rods on the arms of the U each I < L » I
have mass M; the third rod has
mass 3M. The centre of mass L Iy Iy L
of the system from upper rod
18 l
L /4
q) — b) =
(a) 3 (b) 5
L 21
c) — d —
(c) - (d) 3
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28 A child is sitting at one end of a long trolley moving with a
uniform speed v on a smooth horizontal track. If the child
starts running towards the other end of the trolley with a
speed u, the speed of the centre of mass of the system will;
(@) utv (b) v—u
(c) v (d) none
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29 Two bodies of masses 1 kg and 2 kg are moving in two
perpendicular direction with 1
velocities 1 m/s and 2 m/s as : kg‘:,)_'l s
shown in figure. The velocity
of the centre of mass (in }
magnitude) of the system will 2kgf§ )

2 m/s

be ;
(a) 3m/s (b) 1.67 m/s
(c) 1.5m/s (d) 1.37m/s
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30- Two masses 3 m and m are suspended from a light
frictionless pulley with the help of a massless
string. If system 1s set free the acceleration of
centre of mass will be:

& m
(@) g (b) > 3

(c) % (d) none of these
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31. Particles of masses m, 2m, 3m, ............. nm grams are placed

on the same line at distances /, 2/, 3/, ...... nl cm from a fixed
point. The distance of centre of mass of the particles from
the fixed point in centimetres 1s

(a) (2”; ! (b) —nil
n(n® +1)! 21
d
© " @ o
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o : . . :
32. A hole of radius o 18 cut in a disc of radius having mass

m. The centre of mass system will be:
(a) at the centre

(b) at distance g from centre away from the hole

: r
(c) at distance i from centre away from the hole

r
(d) at distance o from centre away from the hole along

the common diameter.
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33. Athinrod oflength ‘L’ is lying along the x-axis with its ends
atx=0and x = L. Its linear density (mass/length) varies with

n
X oy
xas k [zj ; where n can be zero or any positive number. If

the position x.,, of the centre of mass of the rod is plotted
against ‘n’, which of the following graphs best approximates

the dependence of x,,, on n

X

X cm
“Cm k
il L
(a) L2 \ (b) L2 /
0 > 0 >
n n
X
‘)fcm A cm
I L
© 1 K d 1
(0] > 0
1




34. Look at the drawing given in the figure which has
been drawn with ink of uniform line-thickness. The
mass of ink used to draw each of the two inner circles,
and each of the two line segments is m. The mass
of the ink used to draw the outer circle is 6 m. The
coordinates of the centres of the different parts are: outer
circle (0, 0), left inner circle (—a, a), right inner circle
(a, a) vertical line (0, 0) and horizontal line (0, —a). The
y-coordinate of the centre of mass of the ink in this drawing
1S

a a
(a) E (b) g

o o =
(c) - (d) .
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35. Consider a particle of two particles having masses m| and
m,. It the particle of mass m is pushed towards the centre
of mass of particles through a distance d, by what distance
would be particle of mass m, move so as to keep the centre
of mass of particles at the original position

m
(a) — —d (b) —Ld
'nl m2 nzz
(c) d d) 24
m



36. Centre of mass of 3 particles 10 kg , 20 kg and 30 kg is at
(0, 0,0). Where should a particle of mass 40 kg be placed
so that the combination centre of mass will be at (3,3,3)
(a) (0,0,0) (b) (7.5,7.5;7.5)
() (1,2,3) (d) (4,4,4)
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37.

A uniforme sheet is shown below if the shaded area
is removed find new position of centre of mass.

45 ——
@ -2 7 I

6 ' i

............ : Oﬁ 5=

3) +2 A

3 P

a 1 1 1 nl
@-3 e



38. The motion of binary stars, S i and S, is the combina
tionof X and Y Here, X and Y refer to

(a)
(b)
(c)
(d)

— _Sl_

- -.-g—’ -----
-
~ R

Vi IV, \
’ Sz—"
motion of the CM and motion about the CM
motion about the CM and motion of one star
position of the CM and motion of the CM
motion about CM and position of one star
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39. Which of the following points is the likely position of
the centre of mass of the system shown in figure?

Hollow

h
- sphere

i

Sand

(a) A (b) B
(c) C (d D
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. Two blocks 4 and B of masses m and 2m respectively,
attached at opposite ends of a spring of force constant £,
placed on smooth horizontal surface. Spring is initially at
its natural length /. A is given a velocity 2vy and B given
velocity vy as shown. The maximum separation between
2 m and centre of mass of the system will be:

2 2
£ g 8mvy (b) 2/ " 2mvy
3 k 3 3k

2
E+ g (d) none of these
3 3k
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1. In an inelastic collision, some part of KE will convert
into heat energy.

MSLIVE



Mv+(;=M1;1 -ll—mvz )

ﬂglv:m»vrhwww
lez +0 = lelz +lmv%
2 2 2

Simplifying for m << M, we get v, = 2v.
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For collision,
I_"i +‘_}lt — Fz +{/.2t
or (3 +5))+(4i +3))x2 = (=5i =3))+(ai +7j)x2

a= 8
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or

P
Py

P

|

1+Pz
- R

|
~No!

= (P2 + B =122 + 5
= 13 kgm/s.
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B+P+P =0,
andso P, =—(B +B)

or (2m) vy = \/(mv)2 + (mv)2
V

V2
Total energy released in the process

VvV 3 —

2

2. 1 o 1 v
mv-+—mv- +—(2m
7™ g )(Ji)

”1\)2 é

PR | —
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3x2-2%3=3y +2v,

and 2 [vp—w]
3 [3-(-2)]

After simplifying, we get

V1:—4/3,V2:2

MSLIVE



FyT+1)

= m(0—u
- ( )
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Y J=m(ve— vi)y = 1 (25 sin 45° + 20 sin 30°)
= 27.67 N-s
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9.

F=pA0 = gAVz

wall

Fcos 0= ZpAv2 coso.
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10.

0= myvy —myvy

1 » 1 )
and —myvy +—mHvy = E
) 1V1 " 2V2

After simplifying above equations, we get

2E(my +m
Vl + V2 — ( l 2)
m1n12
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11.

Wt = .
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12 h=10m,

up = J2gx10

h;=0.8 h=8m,
Vi = J22%8

Vh —V
Now, P (L S
_le—lll

- -O—(—V2g><8):| = 0.89

| 0—-4/2gx10
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13.

The velocity of body A, before collision
u=.2gy = \[2g(1-1cos60°) =3.13 m/s.

Nowl x 3.13+5x0=v| + 5v, (1)
and 0.8=— |21 ..(i)
0-3.13 g
After solving, we get 4= 0.0005 m \9/
Now  cosO= o (1_0'0005]
L |
T
= 0.995 m. ‘h 7

L4
-
-



2uu, _ 2(ucosB) (eusin0)

Range, R=
= ” 5

eu? sin 20
g

MSLIVE



15. (a) The initial extension of the spring

mg ;
= = .. (@

o= (1)
The velocity of combined block after collision

mv= (m+m)v

LY
v = —
2
Now from conservation of mechanical energy, we have
| V2 1 2) .
—(2m) (=) +— = 2m sl
2( )( 2) 5 kyo 40 (i1)

After solving above equations, we get

- /6_'"
kg
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16.

After 1 second,

vy =ty — gt = 2042 sin 45° — 10 x 1 =10 mys.

Now 2m x 10=m x 0+ mv
v =20 m/s.
Height attained in addition to previous height

102

Previous height,
Uy (2042 5in45°)°

2g 2g
Thus, hg+h=20+5=25m.

=20 m.

]’lo =
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17.

| 9
Ko= —mu*
09

mu + 0= mv; + mv,y
L 5 ol
and ko +0= Em\-'] +§Mv2

After simplifying above equations, we get
| 2 4”1Mk0

2 (M +m)?

MSLIVE



A 1
Given, K =Emv2

If V' is the velocity of the balls during collision, then
mv+0 = (m+nm)v'

el 5
V =
n+1

The maximum potential energy stored during collision

1 1
= —m?- —(m + nm) V2
2 2

,2
=lmv2—l(n+l) s 5
2 2 (n+1)
= K— K
n+l1
_ nk
n+1
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19. Loss in KF in inelastic collision is given by

p
1 mm
AK = — = (uy — uz)2
\ fnl -+ n'lz

1 MM
)
2\ M+ M

o

M 2
— (ur—u
4 2 l)
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20. [fviandv,arethe velocity of ball and the wedge after

collision, then
Vi

yoy

NN\

LA L TALAA A LLAALALAT
60° 60°

For ball:
2Jcos 60° = mv| — (—mv)
or J= mv;+my,

And Jsin 60° = mv, -0
From above equations, we get
2vy

W +v s+(1)
[ €08 60° — (~v, 08 30°)] After simplifying above equations, we get
S ° (vp c0s60°—0) 3 (1+0)
vy = —(1+e)yy.
- (i) o ’
Yo
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21.

e

ml +m2

Ix(F+2]+k)+3(=31 2] +k)

1+3
D il ,
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22. Coordinates of spheres are : (0, 0), (2R, 0) and
(R.\3R)

mx0+mx2R+mxR _

XCITl: R
m+m+m
m><0+m><0+mx/§R R
and Yosg = = —.
m+m+m 3
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23. L
L (dm)x _ _[0 (Axdx)x 2I

chl:
b [ OL(dm) | OL(de) 3
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24,

) —
v cm

10x14+4x0

10+4

= 10 m/s.
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25. L

2

\\(4(2// £

// N 2

7 N

<z-- —
S _ I
A S )
”l/’«\\\ >

2
A= L><£ 2 and its centroid £,£
2 2 2’4

2
4, =£x£ =%, its centroid (%,%)

2 2
¢ Y_141«\’1‘*‘/12X2
' A+ 4
z?xL+ExL
_ 2 2 4 4 :&
I I 12
_+_
2 4
__ T
Similarly y = 3t

12
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Xonms — =
e M{+M, 2(My+M>)
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27.

Yem —

Mx£+3M><0+M X —
2 2

L

M+3M+M

-
=
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28. Child is the internal part of the system, so velocity of
centre of mass will not change due to his movement.
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29. / 2 2
== A +5 = \/(IXI)2+(ZXZ)2 =1.37 m/s

v
my +my 1+2
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30.

3m—m
a:(JnIMgzg

3m+m 2

- 3mxg/2+m(-g/2)

Ao =
cm
3m+m
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31.

X

mxl+2mx20+3mx30+...+nmxnl

cm
m+2m+3m+..+nm

_(1+4+9+..+n2)€
- 1+24+..+n
In(n+1)(2n+1)/6
- nn+1)/2

_@n+1)L
3
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32.

2
(d) Mass of removed disc, m' = S n(’—j

TGS, X =

m
mx0——

i

' g

2

2

194 2

m
m——
-

)

L%
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33.

L Y5 5 n
J-xdm ij(—) dx
L
=0 _ 0
cm L I xn
Idm IK — o \d%
Ln
0 0
I |
n+
) g % [x2)/02) .
L x(n+l)/(n+l)
jx"dx 0
0

) L(1+n) ) Ln(l+%) ) L[l+%)

(2+n) n(l+%) (1+%)

L
For ti=10, Xsm = 5
and n =00, x,, =L

Clearly option (c) 1s correct.
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34.

yCll’l =

omx0+mxa+mxa+mx0+m(—a) a

om+m+m+m+m 10
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=0
mZ)Cz— mld
" 2 ny
35.

E
LUV
MS



36 (10+20+30)x0+40x 7

3 +3)+3k =
(10 + 20+ 30+ 40)

= 7.5t +7.5] +7.5k.
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37. v _4m><0—ma/2_ ma a
s = 4m —m - 2(3m) 6
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38.

When no external force acts on the binary star,
its CM will move like a free particle [see figure
below]. From the CM frame, the two stars will
seem to move in a circle about the CM with dia-
metrically opposite positions.

Sy
(i) Trajectories of two stars S, (dotted line) and

S, (solid line) forming a binary system with
their centre of mass C in uniform motion.

(ii) The same binary system, with the centre of
mass, C at rest. So, to understand the motion
of a complicated system, we can separate the
motion of the system into two parts. So, the
combination of the motion of the CM and
motion about the CM could be described the
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39.  The position of centre of mass of the system in this
problem is closer to heavier mass or masses or it
depends upon distribution of mass. So it is likely
to be at C. In the above diagram, lower part of the
sphere containing sand is heavier than upper part
containing air. Hence CM of the system lies below
the horizontal diameter.
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40.

Initial position of centre of mass from 2m
x0 /

m 2m 5

X():

1 1 1
Now — k(x, +xy)° = 5m(2v0)2 + E(:zm)v(%

and mx| = (2m)x,
After solving above equations, we get

2mv§
.X2 = 3 .

Thus maximum separation between centre of mass and
2m (it happens when m moves away from centre of
mass) = xg + x.
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