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Centre of Mass
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Three particles of masses 50 g, 100 g and 150 g are placed
at the vertices of an equilateral triangle of side 1 m (as
shown in the figure). The (x, y) coordinates of the centre

7<=SO¥O‘\' \oox) 4 ) 50%Y5_ of mass will be
200 fw(.,o“:i YA
0.5 N
= 175 —35_7 -
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Moss p é) = a+bx-
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m o= L dx
Jdm5 +’ox)dx

M = J4dx+ b 'x = olx

M= al+ hx% =al+bL
3

o
M =(a +%)L

A rod of length L has non-uniform linear mass density

2
X
given by p(x)=a+b (f) » where a and b are constants

and 0 < x < L. The value of x for the centre of mass of the

rod is at:
3( a+b 3(2a+b)
el L = L
(@) 2[2a+b) M-‘-l(i%a-i-b,;
4( a+b 3(2a+b)
— L — L
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The centre of mass of a solid hemisphere of radius 8 ecm is

x cm from the centre of the flat surface. Then value of x 1s
[Main Sep. 06, 2020 (I1))]
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A uniform solid circular cone of base radius r is
joined to a uniform solid hemisphere of radius r
and of the same density, so as to have a common
face. The centre of mass of the composite solid
lies on the common face. The height of the cone is
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A circular hole of radius a/2 is cut out of a circular
disc of radius ‘a’ shown in figure. The centroid of
the remaining circular portion with respect to
point ‘O’ will be

A. 10a/11
B. 2a/3
C. a/6

D 5a/6

fy-axis
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A uniform rectangular thin sheet ABCD of mass M has
length a and breadth b, as shown 1n the figure. If the shaded
portion HBGO is cut-off, the coordinates of the centre of
mass of the remaining portion will be :
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o Motion of Centre of Mass
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Three particles of masses 1 kg, 2 kg and 3 kg are situated
at the corners of an equilateral triangle move at speed
6 ms~!, 3 ms! and 2 ms~! respectively. Each particle
maintains a direction towards the particle at the next corner
symmetrically. Find velocity of CM of the system at this
instant

Gerbe _ 1 kgB

*
LY

# 5
!r B U \\
6 ms—l,*‘._r gsinbo .2 ms~1

s A
kg S N 3 kg
A 3ms! W' ¢ X
(a) 3 ms! (b) 5 ms!
(¢) 6 ms™! Zero
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o Acceleration of Centre of Mass
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Four particles A, B, C and D with masses m, =m, m,=2m,

-d? = _L\a”) T ’?""(06) +3m(aa +4m{0) m_=3m and m_ = 4m are at the corners of a square. They

have accelerations of equal magnitude with directions as
™M+ 2+ 2m +4m

shown. The acceleration of the centre of mass of the

N ' A . ——particlesis :
G = cal=at) + am(a] )+3m(a ) T=—g?
A s_Ql
|Om
a:': -f-af
— (- i A
= q+34),:+ Ra-4a); Z=al
= (ai-q] % —q?y(“ i-J
p— ( qJ> g(i—f)
10
(c) Zero
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V”’l‘{ Inpo’zf'f'mi' Consider a two-particle system with the particles having masses ml
v and m2 . If the first particle is pushed towards the centre of mass
through a distance d, by what distance should the second particle be

X= mMx o+wmirL A

Y moved so as to keep the centre of mass at the same position ?
b '
0 m) U(‘M) U’; Z) Sy
oo oM )
X = miud y+m, (A-d,) : : i
™ +W\L :d : [
M '
,0) > (0™ Mmoo, . .
M4 v. (dh.9) (.X,)’) = P

= M‘d' -"ML(}" dz) (&-dl.p '

I
n%: Mlc(l-}%_mldk
- lm‘dlf_mldLl *
\



Block A of mass 5 kg is placed on top of a smooth
triangular block B having a mass of 30 kg. If the
system is released from rest, determine the
distance moved by B when A reaches the bottom.

Neglect the size of block A.
Sk
A. 1/12 N
B 1/14 O
C. 1/16
— D. 1/20 T

Hohzodal ~ 0
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Lv:fw (,JL _ IO -X A wooden plank of mass 20 kg is resting on a smooth
- horizontal floor. A man of mass 60 kg starts moving from

Mon
one end of the plank to the other end. The length of the
A= My d plank is 10 m. Find the displacement of the plank over the
Midr = = ] floor when the man reaches the other end of the plank.
60((0—7():..?0)( X % Jom X
0-3X = s ‘
E % = J Smooth
X — 30 lo
4

(@ 5m (b) 6.5m
(¢) 25m \pdj}?!j m






A projectileis fired at a speed of 100 m/s at an angle
(F'W_Q -0 of 37° above the horizontal. At the highest point, the
Horizakal = projectile breaks into two parts of mass ratio 1:3, the
' 2 .4 smaller coming to rest. Find the distance from the
R= WSm20 _ (00) XX Z s launching point to the point where the heavier piece

lo lands Ly
[R= 960 ) A. 480 m el TR T
B. 960 m 4? Kil . (Xlo)
(480.9) (30,0 & 1120m - © R oM 3m
: . (%,:) D. 2250 m 2 EEE ABVAN CED

Com 3m <0 20

Y60 = M(430)+ 3m( %)

M4+ 3m
~
\



jéu%i, = 480+ X

X = 3R0xy~ 160

['X':llz.oa
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A cart of mass 6kg is at rest on a frictionless
horizontal surface and a pendulum bob of mass 2 kg
hangs from the roof of the cart. The string breaks, the
bob falls on the floor, makes several collisions on the
floor and finally lands up in a small slot made in the
floor. The horizontal distance between the string and
the slot is 1 m. Find the displacement of the cart

during this process

COwx>

10 cm
25 cm
50 cm
75 cm
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A bullock cart of mass 200 kg is moving at a
Yoben b speed of 10 km/h. As it overtakes a school boy

" walking at a speed of 4 km/h, the boy sits on the
e 3Z;r_-g>_.’ = { 5%7 cart. If the mass of the boy is 25 kg, what will be
%é‘\"“‘/hh Y the new velocity of the bullock cart ?

254G A. 16/3km/h

2 B. 25/3km/h

0oXlo + 25x4 = 235xV 27 28/3 km/h

Q100 _y D. 32/3km/h
15
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A bullet of mass 50 g is fired horizontally into the
\ bob of mass 450 g of a long simple pendulum
! \ with string length 2 m as shown in the figure. The
, bullet remains inside the bob and the bob just
Final ,completes the vertical circular motion. Find the
, speed of the bullet

_ ’ A. 10 m/s

@ - - _B7 100 m/s

_v?_-_ 57 C. 500 m/s Im
d D. 1000 m/s

Sov = (50-1-‘1 50) Ve ‘;o}-.. O “soq
Sov={ ‘500) \’?37 —V--
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3 A bullet of mass 20 g travelling horizontally with a
5-007((2"7"0) = JOV + ,aox@&ﬂaﬁpeed of 500 m/s passes through a wooden block of
mass 10. 0 kg initially at rest on a level surface. The

lo-2 = |oV bullet emerges with a speed of 100 m/s and the block
_ slides 20 cm on the surface before coming to rest.
F" o.gm/q Find the friction coefficient between the block and the
surface T b
——>o0.8mls % est s00mis kel Mt
—
lm;l A 0.16 — 10 kg
n = B. 0.32 L
0om c 050 o
. . V
_}:_mq D. 0.72 ’:Mq,{ o3 =>\°°""S
U ):-Mq
qr—ﬂ(y
~
\






A block of mass 2 kg is moving on a frictionless
horizontal surface with a velocity of 1 m/s towards

Toubiaf another block of equal mass kept at rest. The spring
| mls constant of the spring fixed at one end is 100 N/m.
ﬁ huat Vo> Vo Find the maximum compression of the spring
24
v v . cm —
—t — v, B 10 cm
@’ @ No Py L.? C. 15cm 2.0 kg :—‘U‘Wﬁﬁ‘— 2.0 kg
Fraad 2R ¢, D. 20cm G
X
s A
X)+ _ kx : Kx
2 =4y )¢ Gt
V = Ogvv,)s
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Figure shows a small body of mass 2 kg placed over a
larger mass 8 kg whose surface is horizontal near the
smaller mass and gradually curves to become
vertical. The smaller mass is pushed on the longer
one at a speed 10 m/s and the system is left to itself.
Assume that all the surfaces are frictionless. Find the
maximum height (from the ground) that the smaller
mass ascends

A. 2m
B. 4m
C. 6m y
D. 8m M
I
[m]
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Constant area. Smaller
time corresponds to a
higher peak force
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A ball of mass m moving with velocity v
N strikes the horizontal surface at an angle 6.

..... Assuming no loss of energy, find the
N N Impulse imparted to the ball
A. 2myv
B. 2mv cos@

2 2mv sin@
D. mv

= "VCad® — MVCar) =0
_X& = Q—mvs;w) "’Q"M“g\"\e>

] ZM\/S'MB







ot
<= D

A block of mass m and a pan of equal mass are
connected by a string going over a smooth light

' i) Tatiaf pulley as shown in figure. Initially the system is at
\) rest when a particle of mass m falls on the pan and
| —— VY sticks to it. If the particle strikes the pan with a

speed v find the speed with which the system moves

N T
just after the collision.
. % et Cock = |
A. 2 = . =
ke 2 S fraeemy (O

) = Y
L L2 v/3 @)
D JVAY
N.dt = m-v),m(_ Y, N o

v) —( I E

POW\ 4 JTO(;I--.JN.OHT -_:—m(.v')__o \_}(2’)



- yYYOR-2C
/T,d,(- = -|-mV-lmVl

US]V\; (BD

MVi= mv=my,
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Collision

¥ Tennic Ball =2 Eleatic Collision
Plsbic Ball = Tnelaskic collision

an Ball = Comywa Tnelaskic




Types of Collision
Cmpu‘# Toelastic

Efastic Tela tic Loss of Shape
Reguins . Shape DefAmation of shape
= No Enau,(; Logs @Enﬂh}g Loss =>ng2 Ene)wg;l Loss
= h=f > P=R =P =f
> b=6 = & >E > £,>>E,
> c= > ocec) > eso
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A ball of mass m moving with velocity 3v collides
head on with a stationary ball of mass M. The

velocity of both the balls become v after collision.
The value of M/m

A1 EL hest l, l_,
2 @ W @
3myv :('“-HV\)V
3“’1:/\4.’_[\4
Zsz



U Uz
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Before impact
\l\ 2N+ '
q"‘/S > >
G- @2s Vi v
C= 4- .
u After impact
5-2



A ball dropped from height h collides with the floor and bounces up.
If the coefficient of restitution between ball and floor is e, find the
velocity with which the ball rises.

u=o e e \/‘]_-Vl
¢ Ui-Uy
e= 0-(V)
Bal -Uu-0
’\ v Uy=-u
i Ve e =Yy
u u, < Q
Vazp
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o Completely Inelastic Collision

‘&‘ =2 e=0

V-V
ul' M)_

= Objets s tick anet“t»u,
aften e collision

=0




. -

Blocks of masses m, 2m, 4m and 8m are arranged in a line on

? = P:_ a frictionless floor. Another block of mass m, moving with

speed v along the same line (see figure) collides with mass

mV = G Gm) Y/ m 1n perfectly inelastic manner. All the subsequent collisions
are also perfectly inelastic. By the time the last block of

V,= V mass 8m starts moving the total energy loss is p% of the

6 original energy. Value of ‘p’1s close to :

Toodial [4 Sep. 2020 (In(
PV gt swt el ey

/Jots i KE = ‘%xloo /. :”/// ///é % ////

m 2m dm 8m
= t\e,_._ 9\0 o, @) 77 by o (©) 37 (d) 87
. o
- —'£5{|6"\f\>(\l,‘L @
L mvs " xloo
~ 2
\
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Q Ball 1 collidies with an another identical ball 2 at rest as shown in figure.

u = A4t
Bfe [

For what value of coefficient of restitution e, the velocity of second ball becomes two times that of 1 after collision
1/3 (b) 172 (c) 1/4 d) 1/6

= At D @_,V @_92\/

my= mv+ m(Zv)

C=VarVi _ 5y,

u\“uL
U-0

w 3
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A small ball meves towards right with a velocity v starting
from A. It collides with the wall and returns back and
continues to and fro motion. If the average speed for the
first trip is (2/3)v, find the coefficient of restitution of

impact (in 1071).

m
O
M

A B
(@) 2 (b) 3 (c) 4 (d)5

g
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¥ _‘L’-‘ 2/_5, v, e —~ Uy N u i
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Before collision After collision

D V-V, = 4-2L

(-uz2 — ) Not
Needed
2
) I\XLT x4y = 2V'+4VL <
E=Vi) 1)




An object of mass m collides elastically with another object of mass
M which is at rest. After the collision the objects move with equal
speeds in opposite direction. The ratio of the masses M/m is

(3 (b) 2 (©) 1/2 d) 1



J

N - ’ ° ° °
o Elastic Collision

"' Special Cases
1) Equal MaMes
m.:m;_
7-\"", ~ ""'IS
S _I_I>s 1mlg
OCNOENONS
A Q A 2

@w“”ﬁe of velou




The bob A of a simple pendulum is released when the string makes
an angle 451 with the vertical. At the bottom most point of its
trajectory it hits another bob B of same material and same mass
kept at rest on the table. Assuming no loss of energy

(a) Both A and B rise to the same height

(b) Both A and B come to rest at B

(c) Both A and B move with the same velocity of A
4T A comes to rest and B moves with the velocity of A
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o Collision in 2D
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(P, , B)= 0 o

A particle of mass m,, travelling at speed v, strikes a stationary particle of mass 2m,. As a

result the particle of mass m is deflected through 45° and has a final speed of L0 Then the

v2
speed of the particle of mass 2m,, after this collision 1s
Yo Yo J2 Yo
a) — = c) V2u, d) —
- m0

Voo

: hogt ’ k, \‘”f (B)L: (mo %) N (.’zm.,vo
Yo (a45°
V° - ~iusc _ V-

(PX),_ :Mo\% +2 1o Vo,



V: J(Z—Q%‘(%L
V——-ﬁvo_ Vo
B Wo
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nert A particle of mass m with an initial velocity ui collides
u @ (ﬁ)' = 0 perfectly elas:tically with a mass 3 m at rest. It moves with
(Py = O a velocity v ; after collision, then, v is given by :

Finaf \/E y
v=,|—u V=—F

é (a) 3 (b) NG
% y( (d V=

|
— U
(Py)z.z mV-— BMV’ \/g
V, = -
= ; mUu = 3'va,l

Vi = U
3
\
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A ball of mass 2 grams hits the floor with a speed 10 m/s making an
angle of incidence 45° with the normal. The coefficient of restitution
is 1/73. The speed and the angle of reflection of the ball are

(a) 10 m/s, 45° (b) 103/2 m/s, 60°
(c) 10\2m/s, 30°  (g10v2/3 mis, 60°
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As shown in the figure a body of mass m moving with
speed 3 m/s hits a smooth fixed incline plane and

3 v & rebounds with a velocity v in the horizontal direction. If
= - - the angle of incline is 30C] , then velocity v will be
(c) 13 (d) Not possible
V=13 .I]
l?""S




o' |
) " A ball is dropped on a smooth inclined plane and is

observed to move horizontally after the impact. The
coefficient of restitution between the plane and ball is e. If
y the inclination of the plane is 0, then the value of tan@ is

(a)1 Me (c)el2 (d)e

Netwmaf
Toget .
USME =V (et Q d@%%: VSimg
tomd= V = (V_\tang
-0 w0 (u)
C= tOW\‘LQ
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A small particle travelling with a velocity v=10 m/s collides
elastically with a spherical body of equal mass and of radius
r=5 m initially kept at rest. The centre of this spherical body is
located a distance p=4m away from the direction of motion of
the particle. Find the final velocity of the sphere.

(@) 10 m/s (b) 2m/s (c) 4m/s (d) 6m/s
PI . —_—
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A ball A is falling vertically downwards with velocity v,. It
strikes elastically with a wedge moving horizontally with

velocity v, as shown in figure. What must be the ratio A

Va
s0 that the ball bounces back in vertically upwards direction
relative to wedge?
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A constant force F is applied on a trolley of initial mass mo kept over a
smooth surface atrest. Sand is poured gently over the trolley at a
constant rate of p kg/s. After time t, find the velocity of the trolley.

t‘:O M Zmy

f Vs t=t mMm=mo+ UL i
= dm y . 0
dx y \,(%(h ) o — F
= UV F 0 V=0
A OO
Smooth
> A % =l -







A trolley of initial mass mO is kept over a smooth surface as
shown in figure. A constant force F is applied on it. Sand kept
inside the trolley drains out from its floor at a constant rate of p

kg/s. After time t find the velocity of the trolley
F = mqQq —Y —>a

v

F= (Mo-ué) Q 1_6___&ﬁ

€ df - moo
Ff ot jvd R0 gy e
v

t
f/M(”‘o-Mf)l: v
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A uniform chain of mass m and length | hangs on a thread and
just touches the surface of a weighing scale by its lower end.
Find the reading of the scale when half of its length has fallen.
The fallen part does not form heap.

(a) mg/2 (b) mg (c) 3mg/2 (d)




J

-
&’ )
R-A=df = @“‘l'dm)(\/+d\/27*[dmu'f’ Mﬂ —

C('P 27{+M4V+AMV+M_06(M“_P@‘E_‘FM
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o Rocket Propulsion

¥ Frt = Fi=m Y F

T I Att=t,
mMa = M\&-mgﬁ m=mg— ut
VeV o
w
mq:(—;i:)vﬂ - mg. l
ow

~M HT: __% V;l—ma. Exhaust velocity = v,
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