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CENTRE OF MASS & COLLISION
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Centre of Mass & Collision ALLEN .
SOLUTION 4. NTA Ans. (3)
NTA Ans. (2)
Y4
2.5k
0,4) &> X8
©0:4) Sol.
4 cm
By concept of COM
X mlRI = m2R2
(OF)TLO kg 3cm 13 kg, Remaining mass x (2-R) = cavity mass x (R-1)
.. (3,0) . 4 3 4 4
Let 1 kg as origin and x-y axis as shown gnR P—gﬂ'l p|2-R) = 5751 px(R-1)
_1(0)+1.5(3)+2.5(0) R-1)2-R)=R-1
Xem = =09 cm ) =
5 R*+R+1)(2-R)=1
1(0)+1.5(0)+2.5(4) 5. NIAAos @)
Yem = =2cm A
5 e u=0
NTA Ans. (4) i
m, = 3kg h
m, = 1kg Sol. E \ 2gh
0,3) 2,3) ¢ 1
m, |Plate-2 B
m ’ . . . . o
n, Particles will collide after time t, = \/@
Plate-1 at collision, v, = gt, Vp = U, — gt
0,00 (1,0) A= .
Before collision After collision
Mass of plate-1 is assumed to be concentrated
at (0.5, 1.5)
Mass of plate-2 is assumed to be concentrated (A)I, 2£n Rest
at (1.5, 2.9). T
B
mX; +m,Xx, 3x0.5+1x1.5 3h/a ®) 3hi4
Xem = = =0.75
m,; +m,
y. = my; +myy,  3x1.5+1x25 —1.75 Time taken by combined mass to reach the
o m,; +m, ground
NTA Ans. (1.00) * 2x3h/4 _ [3h
By conservation of linear momentum : time= ———= by
~ A ~ ~ g g
0.1)(31)+(0.1)(5j) = (0.D®(E+j)+(0.1)V
(0.D31) ! ( ! )51 = (0.DAHE + )+ (0.DV 6. NTA Ans. (2)
= V=—i+] Sol. From momentum conservation

Speed of B after collision |y |=+/2

1 1 1
Now, kinetic energy = EmV2 =5(0- D(2) :E

x=1

mui+mu(1—;]J =(m+m)y

v 3ui+uﬁ
= V=— —
4 4J
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Sol.

Sol.

N hﬂz%«ﬁﬁ

2
1 u 5
Final kinetic energy = E2m (Z\/ﬁ ) = g mu

Initial kinetic energy

1 , 1 (uY 6 ,
——mu +—m|—=| =—mu
2 2

P2 8

1
Loss in K.E. =k, - k; = gmu
NTA Ans. 4)

2

al’ b
7_1_7
2
b
aL+?
4a+2b)
B 8 _3(2a+b)L
(3a+b) 4 (3a+b)
3

.. correct answer 4
NTA Ans. (3)

By momentum conservation,

mu ,
— +mu =2mv

2

Sol.

3v |2H
Range after collision = 2\ e
g
3v |2- u’ sin” 60°
4 g2g

343 v’ 33w’
T42 g 8

.. Correct answer (3)
Official Ans. by NTA (4)

Before collision

After collision

Rest

Q—

m
A
y Q \Z

m(ui) + 3m(0) = mvj + 3mV,

mui — mvj = 3mV,

_ ui-vj
1= 3
u+v?
or |v1|= 3
, ui vV
or vV{ = 9 ..(1)

As collision is perfectely elastic hence

kizkj

lmu2 +l3mO2 =lmv2 +l3mvf
2 2
= u’=v?+ 3v/?

. (u2+v2)
uw=v +3—7
9
=3 =3v+u’ +Vv?
= 2u? = 4v?
u
V=—o

NG
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10. Official Ans. by NTA (10.00)

A

»

By momentum conservation along y :

m,u,sin®, = m,u,sin6,
i.e. musin@, = 10mu,sin6,

= |u,sin0, =10u, sin6,

1 1, 11

u
ulzﬁ

Also collision is elastic : k; = k;

1.€.

1 1 1

—mu’ =—mu; +—.10m.u;

2 2 2

lmu2 =—x—mu’ +l>< 10m.u’
2 2

1
—mu’ =—x10 x mu;
4 2

u
u, =—F——
> J20

Putting (ii) & (iii) in (i)

...(iii)

U U in0
V2 V20

sin0, = \/ﬁsinﬂ2

sin 0, = 10.

kf =—ki, ie —mu;j=—x—mu
2 ™ 2 2 2

— Hence n = 10

12.

Sol.

13.

Sol.

ALLEN
\ 4
+ Let o = surface mass density of disc material
2 2
ona’(0)-c.>d -2 d
wrt 'O': X, = 24 = 4 2
2 a 2
oma —G— ma ———
4 4
—d a

Cdn-1 2@4n-1)
So, X = 2(4n-1) = (8n-2) = 23.12
So, nearest integer value of X = 23
Official Ans. by NTA (1)

1.9 kg
Ol ke u

p,=p;= 0.1 x20=2v
~v=1m/s

1
KE; = mgh + Esz =213
Official Ans. by NTA (4)

\
—> m
Lo 2m  4m 8m
All collisions are perfectly inelastic, so after
the final collision, all blocks are moving
together. So let the final velocity be v', so on
applying momentum conservation:
mv = 16m v' = v' = v/16

Now initial energy E, = EmV2

1 Y 2
Final energy : E; = 5><16m>< E

v
11. Official Ans. by NTA (23.00) =B =5me
4
E loss : E. — E —mv’ —lmv—2
nergy loss : E, - E, = > > M6
lmv2 1—L lmv2 15
ol =2 6] =27 |16
E 1
op = S 'nérgy 0ss <100
riginal energy
I ,|15
2™ L6
where : =1—><100 =93.75%
+ m, = mass of complete disc —mv’
s = removed mass = Value of P is close to 94.
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14. Official Ans. by NTA (4) 16. Official Ans. by NTA (4)
Sol. dm(t) b2 Sol. v, = (\/gf + j) m/s
dt L =
dm Vi =0
Fthast = VE m, = 2m2
After collision, v, = (f +\/§3) m/s
_dm(t
Force on statellile = -V © V. =27
dt 27
M(t) a = — v (bv?) Applying conservation of linear momentum,
3 m\v,, +m,V, =mV, +m,v,
a=a by DA 2 “
~ MO 2m,(v/31 + J)+ 0 = 2m, (i ++/3)) + m,7,
i v, =2(/3i + )= 21 ++/3])
M0 g amice) . A \ P
dt = 2(Y3i-))+2(G-3))
Va A
v, =23-D(i-)
for angle between v, & V,,
15. Official Ans. by NTA (120.00)
V.9, 2(3-D(1-43)
cosf=——>==
v, VY, 2x22(3-1)
0 2m 1-3
NN cosO=—— — 9 =105°
|V
Sol. 0 vi/2 22
or
V(J
y -
Vl
Momentum conservation along x
2mv, cos0= 2mL 00
2 45° X
cos0 =% v,
6 =60
Angle is 20 = 120 17. Official Ans. by NTA (3.00)
Ans. 120.00 3R
Sol. x=
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X =—=3cm
8

x=3

(1




