CHAPTER

| Section-A

A Fill in the Blanks

1.

Force (N)—™

A particle of mass 4 m which is at rest explodes into three
fragments. Two of the 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 of
explosionis............ (1987 - 2 Marks)
The magnitude of the force (in newtons) acting on a body
varies with time ¢ (in micro seconds) as shown in the fig AB,
BC and CD are straight line segments. The magnitude of
the total impulse of the force on the body from ¢ =4 ps to

t=16psis ............... Ns. (1994 - 2 Marks)
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C MCQs with One Correct Answer

Two particles of masses m, and m, in projectile motion have
velocities v, and v, respectively at time ¢ =0. They collide

at time ¢,. Their velocities become v, ' and v, ' at time 2¢,
while still air. The

(¥ "+ ma¥ ) = (g3 + my, )| is

() (ml + mz)gto

value of
(2001S)

moving in

(@) zero

1
© S (m+m)et, @) 20m,+my)gt,
Two blocks of masses 10 kg and 4 kg are connected by a
spring of negligible mass and placed on a frictionless
horizontal surface. An impulse gives a velocity of 14 m/s to
the heavier block in the direction of the lighter block. The

velocity of the centre of mass is (2002S)
(@ 30m/s (b) 20m/s
(c) 10m/s (d) Sm/s

Aball of mass 0.2 kg rests on a vertical post of height 5 m. A
bullet of mass 0.01 kg, traveling with a velocity V m/s in a

1.
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horizontal direction, hits the centre of the ball. After the
collision, the ball and bullet travel independently. The ball
hits the ground at a distance of 20 m and the bullet at a
distance of 100 m from the foot of the post. The velocity V

of the bullet is (2011)
V m/s
0 20 100
@ 250m/s (b) 250V2 m/s
(c) 400m/s (d) 500m/s

A particle of mass m is projected from the ground with an
initial speed u, at an angle o with the horizontal. At the
highest point of its trajectory, it makes a completely inelastic
collision with another identical particle, which was thrown
verticallyupward from the ground with the same initial speed
u,. The angle that the composite system makes with the
horizontal immediately after the collision is
(JEE Adv. 2013)
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1> B MCQs with One or More than One Correct

A ball hits the floor and rebounds after an inelastic collision.

In this case (1986 - 2 Marks)

(a) the momentum of the ball just after the collision is the
same as that just before the collision.

(b) the mechanical energy of the ball remains the same in
the collision

(c) the total momentum of the ball and the earth is
conserved

(d) the total energy of the ball and the earth is conserved

A shell is fired from a cannon with a velocity v (m/sec.) at an

angle @ with the horizontal direction. At the highest point

in its path it explodes into two pieces of equal mass. One of

the pieces retraces its path to the cannon and the speed (in

m/sec.) of the other piece immediately after the explosion is

(1986 - 2 Marks)

(@ 3vcoso (b) 2vcos @

© %v cos 0 d %v cos 0
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Two blocks 4 and B, each of mass m, are connected by a
massless spring of natural length L and spring constant K.
The blocks are initially resting on a smooth horizontal floor
with the spring at its natural length, as shown in fig.. A third
identical block C, also of mass m, moves on the floor with a
speed v along the line joining 4 and B, and collides elastically
with 4. Then (1993-2 Marks)

v
—_—

L
C A 000 B

(@) the kinetic energy of the 4-B system, at maximum
compression of the spring, is zero.

(b) the kinetic energy of the 4-B system, at maximum
compression of the spring, is mv?/4.

(c) the maximum compression of the spring is v,/(m/ K)
(d) themaximum compression of the spring is v,/(m/2K)

The balls, having linear momenta p; =pi and p, =—pi,
undergo a collision in free space. There is no external force
acting on the balls. Let p; and p) be their final momenta.

The following option (s) is (are) NOT ALLOWED for any
non-zero value ofp, a,, a,, b, b,, ¢, and c,. (2008)

@ Pi=ai+bitek () Bi=ck
P2 =231 +by] P2 =2k

Pi=aji+bj
Tl . .
Py =asi+by]

(¢ Pi=ajit+bj+ck ()
Py =asi+byj—ck

A point mass of 1 kg collides elastically with a stationary

point mass of 5 kg. After their collision, the 1 kg mass reverses

its direction and moves with a speed of 2 ms™!. Which ofthe

following statement(s) is (are) correct for the system of these

two masses? (2010)

(a) Total momentum of the system is 3 kg ms™

(b) Momentum of 5 kg mass after collision is 4 kg ms!

(c) Kinetic energy of the centre of mass is 0.75J

(d) Total kinetic energy of the system is 4J

A particle of mass m is attached to one end of a mass-less

spring of force constant k, lying on a frictionless horizontal

plane. The other end of the spring is fixed. The particle

starts moving horizontally from its equilibrium position at

time t = 0 with an initial velocity u,. When the speed of the

particle is 0.5 uy, it collides elastically with a rigid wall. After

this collision (JEE Adv. 2013)

(@) The speed of the particle when it returns to its
equilibrium position is %,

(b) The time at which the particle passes through the

equilibrium position for the first time is t=mn m

(c) The time at which the maximum compression of the

spring occurs is t = 4n \/E
3 Vk

(d) The time at which the particle passes through the

equilibrium position for the second time is t = STT: \/%

E Subjective Problems

A body of mass m moving with velocity V in the X-direction
collides with another body of mass M moving in Y-direction
with velocity v. They coalesce into one body during collision.
Calculate : (1978)
(i) the direction and magnitude of the momentum of the
final body.
(i) the fraction of initial kinetic energy transformed into
heat during the collision in terms of the two masses.
Three particles A, B and C of equal mass move with equal
speed V along the medians of an equilateral triangle as shown
in figure. They collide at the centroid G of the triangle. After
the collision, A comes to rest, B retraces its path with the
speed V. What is the velocity of C ? (1982 - 2 Marks)
A

B C
Two bodies 4 and B of masses m and 2 m respectively are

placed on a smooth floor. They are connected by a spring. A
third body C of mass m moves with velocity v, along the
line joining A4 and B and collides elastically with 4 as shown
in Fig.

C A B
Yo

—.000000

>

At a certain instant of time ¢, after collision, it is found that
the instantaneous velocities of 4 and B are the same. Further
at this instant the compression of the spring is found to be
x,- Determine (i) the common velocity of 4 and B at time ¢,
and (ii) the spring constant. (1984- 6 Marks)
A ball of mass 100 gm is projected vertically upwards from
the ground with a velocity of 49 m/sec. At the same time
another identical ball is dropped from a height of 98 m to
fall freely along the same path as that followed by the first
ball. After some time the two balls collide and stick together
and finally fall to the ground. Find the time of flight of the
masses. (1985 - 8 Marks)
A bullet of mass M is fired with a velocity 50 m/s at an angle
with the horizontal. At the highest point of its trajectory, it
collides head-on with a bob of mass 3M suspended by a
massless string of length 10/3 metres and gets embedded in
the bob. After the collision, the string moves through an
angle of 120°. Find

(i) theangle 9;
(i) the vertical and horizontal coordinates of the initial

position of the bob with respect to the point of firing of
the bullet. Take g=10 m /s?

GP_3481



Momentum and Impulse
6.

A block ‘4’ of mass 2m is placed on another block ‘B of
mass 4m which in turn is placed on a fixed table. The two
blocks have a same length 44 and they are placed as shown
in fig. The coefficient of friction (both static and kinetic)
between the block ‘B’ and table is 1. There is no friction
between the two blocks. A small object of mass m moving
horizontally along a line passing through the centre of mass
(cm.) of the block B and perpendicular to its face with a
speed v collides elastically with the block B at a height d
above the table. (1991 - 4 + 4 Marks)

A 2m

~
g
e—,
o
'
B
8
le— ) —
QU

A’v

4d

(@) What is the minimum value of v (call it v) required to
make the block 4 topple ?

v

(b) Ifv=2v,, find the distance (from the point P in the
figure) at which the mass m falls on the table after
collision. (Ignore the role of friction during the
collision).

A cart is moving along + x direction with a velocity of 4 m/s.
A person on the cart throws a stone with a velocity of 6 m/s
relative to himself. In the frame of reference of the cart the
stone is thrown in y-z plane making an angle of 30° with
vertical z-axis. At the highest point of its trajectory, the stone
hits an object of equal mass hung vertically from the branch
of a tree by means of a string of length L. A completely
inelastic collision occurs, in which the stone gets embedded
in the object. Determine : (1997 - 5 Marks)

(i) The speed of the combined mass immediately after the
collision with respect to an observer on the ground,

(i) The length L of the string such that the tension in
the string becomes zero when the string becomes
horizontal during the subsequent motion of the
combined mass.

A car P is moving with a uniform speed of 5V3 m/s towards
a carriage of mass 9 kg at rest kept on the rails at a point B
as shown in figure. The height 4C is 120 m. Cannon
balls of 1 kg are fired from the car with an initial velocity
100 m/s at an angle 30° with the horizontal. The first cannon
ball hits the stationary carriage after a time ¢, and sticks to
it. Determine ¢, (2001 - 10 Marks)

1.

4 e

Atz , the second cannon ball is fired. Assume that the resistive
force between the rails and the carriage is constant and ignore
the vertical motion of the carriage throughout. If the second
ball also hits and sticks to the carriage, what will be the
horizontal velocity of the carriage just after the second impact?
A particle of mass m, moving in a circular path of radius R
with a constant speed v, is located at point (2R, 0) at time
¢t =0 and a man starts moving with a velocity v, along the
+ve y-axis from origin at time ¢ = 0. Calculate the linear
momentum of the particle wr.t. the man as a function oftime.

(2003 - 2 Marks)

H Assertion & Reason Type Questions

STATEMENT-1 : In an elastic collision between two bod-

ies, the relative speed of the bodies after collision is equal

to the relative speed before the collision. (2007)

STATEMENT-2 : In an elastic collision, the linear

momentum of the system is conserved.

(a) Statement—I1 is True, Statement—2 is True; State-
ment—2 is a correct explanation for Statement—1.

(b) Statement—1 is True, Statement—2 is True; State-
ment-2 is NOT a correct explanation for Statement—1

(c) Statement—1 is True, Statement—2 is False.

(d) Statement—1 is False, Statement—2 is True.

i | Integer Value Correct Type

A bob of mass m, suspended by a string of length /,, is given
a minimum velocity required to complete a full circle in the
vertical plane. At the highest point, it collides elastically
with another bob of mass m suspended by a string of length
[,, which is initially at rest. Both the strings are mass-less
and inextensible. If the second bob, after collision acquires
the minimum speed required to complete a full circle in the

vertical plane, the ratio L is (JEE Adv. 2013)

)
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l Section5

A machine gun fires a bullet of mass 40 g with a velocity
1200 ms~!. The man holding it can exert a maximum force of
144 N on the gun. How many bullets can he fire per second

at the most? 12004
(@ Two (b) Four
(c) One (d) Three

A mass ‘m’ moves with a velocity ‘v’ and collides inelastically

with another identical mass . After collision the 15t mass

moves with velocity ~_ inadirection perpendicular to the

2nd

initial direction of motion. Find the speed of the mass

after collision. 12005]

o s

after
collision

before
collision

@ \/gv

\ 2
© —= d —-=v
3 3
A bomb of mass 16kg at rest explodes into two pieces of

masses 4 kg and 12 kg. The velolcity of the 12 kg mass is

4 ms~!. The kinetic energy of the other mass is

(@ 144J (b) 2881J

(c) 192] (d) 96J

Statement -1: Two particles moving in the same direction

donot lose all their energy in a completely inelastic collision.

Statement -2 : Principle of conservation of momentum holds

true for all kinds of collisions. [2010]

(a) Statement -1 istrue, Statement -2 is true ; Statement -2
is the correct explanation of Statement -1.

(b) Statement -1 is true, Statement -2 is true; Statement -2
is not the correct explanation of Statement -1

(c) Statement -1 is false, Statement -2 is true.

(d) Statement -1 is true, Statement -2 is false.

(b) v

[2006]

The figure shows the position—time (x — ¢) graph of one-
dimensional motion of a body of mass 0.4 kg. The magnitude
of each impulse is [2010]

I02'4 6 8 10 12 14 16
t(S) =

(@ 0.4Ns (b) 0.8Ns

(¢) 1.6Ns (d) 0.2Ns

This question has statement I and statement I1. Of the four
choices given after the statements, choose the one that
best describes the two statements. |JEE Main 2013]|
Statement - I: Apoint particle of mass m moving with speed
v collides with stationary point particle of mass M. If the

1
maximum energy loss possible is given as J/ ( ) then

)

Statement - II: Maximum energy loss occurs when the
particles get stuck together as a result of the collision.

(a) Statement - Iistrue, Statment - Il is true, Statement - 11
is the correct explanation of Statement - I.

(b) Statement-Iis true, Statment - Il is true, Statement - Il is
not the correct explanation of Statement - II.

(c) Statement - I is true, Statment - I is false.

(d) Statement - I is false, Statment - II is true.

A particle of mass m moving in the x direction with speed 2v
is hit by another particle of mass 2m moving in the y direction
with speed v. If the collision is perfectly inelastic, the
percentage loss in the energy during the collision is close to :

[JEE Main 2015]
(@ 56%
(© 4%

®) 62%
@) 50%

GP_3481
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Section-A : JEE Advanced/ IIT-JEE

A L %mvz 2. 0.005Ns
C 1. (@ 2. (o 3. (@ 4. (a)
D 1. (cd) 2. (a) 3. (b,d) 4. (a,d) 5. (a,c) 6. (a,d)
. 1 Mv . mM(v2+V2)
E 1. ()o=t 1(_],/22 2.2 (i
= @6 =tan | ) N M @) T T R
Yo 2mv§
2. 'V, opposite direction to the retraced velocity of B 3. 3 ? 4. 6.53sec
0
5
5. 37°,122.6m,46m 6. (a) 5,/6ugd (b) 6d.3u
7. 25m/5,0318m 8. 12s,15.75m/s 9. —mvysinoti +m(v, cosot —v;)j wheremz%
H L @
L 1. 5
Section-B : JEE Main/ AIEEE
1. (@@ 2. (d 3. b 4 @ 5 ® 6. @ 7. (2

| LYW JEE Advanced/ IIT-JEE

A. Fill in the Blanks
1. 2mv'cos@=mv ..(1)
2mv'sin® =myv
2my'cos0

1
= sind =cosh = ﬁ

Putting this value in equation

(i), we get
2mv' - v
BT R
1. @
2
Total K.E. = lmv2 +lmv2 +l(2m)[L]
otal K.£.= ) ) ) \/E
2
= —my? +lmv2 + 2 gmv2
2 2 2 2
2. KEY CONCEPT Area under the F — ¢ graph gives the
impulse imparted to the body.
ant 2. (0

800

600

400 4

200 4

0 2

4 6 8 10 12 14 ]67'
fin )

The magnitude of total impulse of force on the body from

t=4pstot=16ps
=area (BCDFEB)
=area of BCFEB + area CDFC

= %(200+800)x2x10_6+ %x10x800x10_6

=0.001+0.004 =0.005Ns
C. MCQs with ONE Correct Answer

If we consider the two particles as a system then the
external force acting on the system is the gravitational
pull (m; +m,) g.
A
F ext _p
At

Ap=F_. At=

ext (g% "+ may¥y ") = (¥ +my )
=(my +my) g x2t,

Just after collision

_my +tmyy, 10x14+4x0
Ve = 10+4
Note : Spring force is an internal force, it cannot change

the linear momentum ofthe (two mass + spring) system.
Therefore v, remains the same.

=10m/s;
my +my
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Topic-wise Solved Papers - PHYSICS

For vertical motion of bullet or ball
u=0, s=5m, t=?, a=10m/s?

M=02kg
v
A .y
m=0.01 kg S
5m
o) ®
<«<—20m—>

<«<—10m———mm>

S=ut+lat2 =5 =lx10xt2
2 2

=t=1sec

For horizontal motion of ball

Xpall = Viall £ =20 = Vg X 1= Vi
For horizontal motion of bullet

Xoutlet = Voullet < t=>100=Vy e X 1=Vie
Applying conservation of linear momentum during
collision, w e get

mV=mVy .+ MV,
0.01V=0.01x100+0.2x20

5

V= m =500m/s

Activity B to M for particle thrown upwards

u(z, sin’ a:|

vi —ug =2(-g) [ 2

v12 = u(z, (1-sin? @) = u(2, cos o
()

2mv sind

SV =y cosa

SN
m  mu,coso m

Applying conservation of linear momentum in
Y-direction
2mv sin® =mv; =muycosa ...(i)) [from (1)]
Applying conservation of linear momentum in
X-direction
2mv cos0 = mu, cosa (i)
on dividing (ii) and (iii) we get

s
0= —

=1
tan 0 4

D. MCQs with ONE or MORE THAN ONE Correct

L cd@

is wrong because the momentum of ball changes
in magnitude as well as direction.

(b) is wrong because on collision, some mechanical
energy is converted into heat, sound energy.

@

(c) iscorrectbecause for earth + ball system the impact
force is an internal force.

(d) iscorrect.

As one piece retraces its path, the speed of this piece

just after explosion should be v cos 9

-+
«— —»>
- VCOsH

vsinO

(At highest point just after explosion)

NOTE THIS STEP
Applying conservation of linear momentum at the
highest point;

m_ . m
m(vcosQ)= ?xv—?xvcose

3vcosf =V

(b, d) In situation 1, mass C is moving towards right with

velocity v. 4 and B are at rest.

In situation 2, which is just after the collision of C with
A, C stop and 4 acquires a velocity v. [head-on elastic
collision between identical masses]

When 4 starts moving towards right, the spring suffer
a compression due to which B also starts moving
towards right. The compression of the spring continues
till there is relative velocity between 4 and B. When
this relative velocity becomes zero, both 4 and B move
with the same velocity v' and the spring is in a state of
maximum compression.

Applying momentum conservation in situation 1
and 3,

v Vel=0__ —»
Ao fF [CTaeuslE)

Fig(i) Fig(ii)
Vel=0 X 3
AJuuidB]
Fig(iii) Max Compression

%
mv=mv'+tmy' =>Vv= 5

K.E. of the system in situation 3 is

2
lmv'2+lmv'2 =my? ="V ('.'v'=z)
2 2 4

This is the kinetic energy possessed by 4 — B system (since,
Cis at rest).

Let x be the maximum compression of the spring.
Applying energy conservation

=

=

lmv2 =lmv'2+lmv'2+le2
2 2 2 2
lmv2 =lmv2 +le2

2 4 2

| R T S I
EK)C —4mv e X=V 2K

GP_3481
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4. (a,d) KEY CONCEPT
Use law of conservation of linear momentum.

option (b) is incorrect
The time taken for the maximum compression

The nitial linear momentum of the system is pf - pf =0 =t Tlgatiac

Therefore the final linear momentum should also be T \/E T \/7 \/7 \/7 [ }
Z€ro. 3 3 2
Optiona :

PL+ D) = (ay+ay)i +(b +by)] +ck =Final 7: - Therefore option ¢ is incorrect.
momentum.

The time taken for particle to pass through the
equilibrium position second time

[ nfE G5

option (d) is correct.

It is given that a;, b, ¢, a,, b, and ¢, have non-zero
values. Ifa; =x and a, =—x. Alsoifb, =yand b, =

—ythen the iand 3 components become zero. But

the third term having k component is non-zero. This

gives a definite final momentum to the system which
violates conservation of linear momentum, so this is

an incorrect option.

Optiond: 1.

E. Subjective Problems

Let 77 be the velocity of the final body after collision.

D = (@ +ay) Fen b 3 % 0because by #0 Suppose, V" makes an anlgle 0 with x-direction.

Following the same reasoning as above this option is !

also ruled out. m+M) V'sind .

5. (a0 ( T
According to law of conservation of linear momentum :

Ixu +5x0=1(=2)+5(v,)

(i) 2 ——

The coefficient of restituition (m+M) V'cos6
e=2"YN " -(=2)
U —u, u -0
Su =v,t2 (i1
On solving (1) & (i1) we get desired results. N Aoplvi ti £ tum in X
6. (a, d) The particle collides elastically with rigid wall. Here ® difgct}i:)ltllg conservation of finear momentum in
e=— =1 ~V=05u (m+ M)Vicos 8 =mV .0 _
0.5u, Applying conservation of linear momentum in Y

direction
(m+M)V'sing =My ... (10)

Dividing equation (i) and (ii)

mV
This gives the direction of the momentum of the final

My Mv
tand= — = O=tan"!| —
mV

Equilibrium position

1. the particle rebounds with the same speed. Therefore
the particle will return to its equilibrium position with
speed uy. option (a) is correct.

The velocity of the particle becomes 0.5u, after time t.
Then using the equation V=V . coswt we get
0.5uy =u, cos wt

body.

Squaring and adding (i) and (i), we get
(m+ M) V2 cos?2@ + (m+ M)* V'2sin20
= m2V2 + M2

m2r? + M3?

V=
m+M

m_2n T ie T Thus the magnitude of the momentum of the final body
30t 6 =(m+ MW" _ 202 4 22
m T [m
1 1 T=2 —_ = — | — 1 '2

The time period n\/; Therefore t 3 \/; i KE,~KE, N KE, N §(m+ MY

The time taken by the particle to pass through the KE, ~ KE; [1 2, M 2}
—m —V
2 2

2
equilibrium for the first time =2t = Tn \/% . Therefore



Initially By symmetry, the momentum of the system is zero.

Finally The momentum of the system should be zero.
mV=mV' = V'=V

The velocity of C is V and is in opposite direction to the

retraced velocity of B as shown in the figure.

3.  Since the collision between C and 4 is elastic and their
masses are equal and 4 was initially at rest, therefore the
result of collision will be that C will come to rest and 4 will
initially start moving with a velocity v,,. But since 4 is
connected to B with a spring, the spring will get compressed.

ol v B2m CV°1=0Am V' p 2m

[ [ eeef ] P
At =1, the velocities of 4 and B become same.
Applying energy conservation;

lmvg = lmv'2+l2mv'2+llocg
2 2 2 2
where x, is the compression in the spring at £ =
Ve = 3v'2+5x3 Q)
m

Applying momentum conservation, we get

= Y0 ”
mvy=mv'+2my' . V'= 3 .. (1)
From (i) and (ii)
2 2mg
3o3x oK o 20
m 3X0
4.  For the ball thrown up
V12 —u12 =245
Ve —2401=19.6h ()

P-S-40 ® Topic-wise Solved Papers - PHYSICS
2172 2.2 1 -
AKE (m+M)% S =uh toah f
+
X =1- > > h=49t-49 ¢ ..(ii) 98m o *
i mV*= + My For the ball dropped from height v
2 2 78.4m
K.E.i —K.E.f mZV2 + M2v2 V) —Upy = 20252
K.E-j (m+M)(mV2 +Mv2) v% =196 (98—h) ..(ill)
m*V? +mM*? + MmV? + M2V —m?y? - M2 1 5
= 2 2 S5y = aly + oMl
(m+M)(mV = + Mv*) 2
98—h=497 ..(iv)
3 mM (v2 + V2) From (ii) and (i\é) ,
(m+ M) (mV? + M?) 98—(t4=9t2—sg(.:9t )=49¢ . 98—-49%t=0
2. h=49%x2-49%x22=784m (from (ii))
Substituting this value of 4 in (i) and (i1), we get
2_2401=-19.6x78.4 =19.6 (98—78.4)
=864.36 = v2 =384.16
=294m/s =>v,=19.6m/s
Inmally Finally Note : At point C where the two bodies collide, thereafter

both bodies stick and behave as a single body.
Thus, we apply conservation of linear momentum, which
gives
myv| —myv, =2mv
_ VI —Vp _ 29.4-19.6
22
For the combined body
u=49m/s;s; =-784;a,=-9.8m/s%; =1

=49m/s

1
§= ut+5at = —784=49t-497

2-t-16=0 = ¢=

Total time=4.53 +2=6.53 sec.
(1) InAAQR
o OR
sin 30° = 10/3° ,OR=
u=50m/s (leen)

At the highest point P, the velocity of the bullet = u cos 0

R{‘ :2:)
_EA
A .LLu./.LLL/_/j ’13_0”____:
Y T 0
10/3
nn
BSS SRNg
R
(5:H)
9 | .
0 X

Applying conservation of linear momentum at the highest
point
M(ucos0)+3Mx0=(M+3M)v

GP_3481
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® P-S-41

Mucos6  ucosO
4M 4
Applying energy conservation principle for P and R
K_.E. of the bullet-mass system at P = P.E. of the bullet-mass
system at R

y=

%(4M)v2 = (4M) gh

2
_(4M)u cos? 9_4M [10 5]
16 3 3

26 = 98x5x%x2x16 ~ g=37°
c0s 50 x 50
2. . o
(i) Ezu sm26=50x5051n2x37 —122.6m
2 2g 2x98
2 .2 :amon2
_usin 0=50x50x(s1n37) — 46m
2g 2x9.8
KEY CONCEPT

Since the collision is elastic in nature applying conservation
of linear momentum and conservation of kinetic energy
my =(4m) u+mv'
where u is the velocity of mass 4m after collision and V' is
the velocity of mass 2m

= V=v-4u -.@1)

1 5 1 2 1 0 4
Also,—mv° =—(4m)u” +—mv

2 2 2 mOZV _____ . B 4m
= V=42 +v2 ... (10)
From (i) to (ii) H—dd——>

2v
V=d2+(v-4u)? > u= 5

Block B starts moving but the block 4 remains at rest as
there is no friction between 4 and B.
For block 4 to topple, block B should move a distance 2d.
Let the retardation produced in B due to friction force
between B and the table be a

F=uN = dm)a=n6mg) = a=15pug
For the motion of B,

2v
u= ?,v=0,s=2d,a=—l.5 ug

2
2
Now, 2 — u2 =2as = (0)2 — (?v) = 2(~1.5ug)2d
= y= Bl ougd
v 2 Hg
For elastic collision between two bodies

_ G —my)wy  2mauy
my +my m +my

Here m, =m,m,=4m,u, = 5./6ugd ,u,=0
| 2 1 2

_ (m—4m)5,/6ugd Lo 3oned

v, = i
1 m+4m o “'id

/
/
L

~ 3% 5V6'j5‘gd -3,f6ugd

Note : The negative sign shows that the mass m rebounds.

It then follows a projectile motion.

Considering the vertical direction motion of this projectile.

u, = 0, 5, =d, a,=g,t,=

S= ut+lat2 =>d= l 12 =>t= %
2 28 g

The horizontal distance travelled by mass m during this
time¢

o= 36ugd x /ﬁ = 6\3pd® =643
4

When the stone reaches the point Q, the component of
velocity in the + Z direction (v cos 6 ) becomes zero due to
the gravitational force in the — Z direction.

The stone has two velocities at O

* v, inthe + X direction (4 m/s)

eysin @ inthe + Ydirection (6 sin 30° =3 m/s)
The resultant velocity of the stone

V= \/(vx)2 +(vsin0)? = V42 +3% =5m/s

() Applying conservation of linear momentum at Q for
collision with a mass of equal magnitude
mx5=2mxvy

Note : Since, the collision is completely inelastic the two

masses will stick together. v is the velocity of the two masses

just after collision. ]
v=25m/s
(i) When the string is undergoing circular motion, at any

. . 2mv?
arbitrary position 7—2mg cos a.= %

2mv?

=>v=0

Given that, 7=0whena=90° ..0-0=

= Velocity is zero when o = 90°, i.e., in the horizontal
position. oM
Applying energy conservation
from Qto M, we get

%vaz =2mg!(

_V_@9?
2g 2x9.8

2mg sina

=0318m

(g2mg cosa
2mg
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Consider the vertical motion of the cannon ball
u,=+ 100 sin 30°

sy=—120m t+ P“.\’uﬂ
a,=—10m/s? 1ﬂﬁi
= m e m”’: ki
t =y ]204 | 9kg
1 > 4, Bt
s=ut+5‘1t 5 —120=50¢,-51

= £-101,-24=0
_ (-10)£+100 —4(1)(-24) _
0~ 2 -
to=12 sec.

12o0r—2 [Not valid]

The horizontal velocity of the cannon ball remains the same

u, =100 cos 30° = 50 \/?: ms ™!

Applying conservation of linear momentum to the
cannon ball-trolley system in horizontal direction. If m is the
mass of cannon ball and M is the mass of the trolley then,

mu, +Mx*x0=(m+M)v,

mu,

Ve M where v_ is the velocity of the

cannon ball-trolley system.

1x50+/3
=———"=5+3m/s
Vx 1+9 ]
The second ball was projected after 12 second. Horizontal
distance covered by the car P

=12x 53 =603 m

Since the second ball also struck the trolley,
Therefore, in time 12 seconds, the trolley covers a distance

of 60+/3 m.
For trolley after 12 seconds;

m
u=50mis, v=2, t=12s MW

1
s= 60«/§m, 5= ut+5at2

1
= 60V3=53x12+ > xax144

a=0m/s? .. v=u+at= 53 mss.
To find the final velocity of the carriage after the second
impact we again apply conservation of linear momentum in
the horizontal direction

mu,+(M+m)v,=(M+2m) Ve

1x 50v3 +(9+1) 5¥3 =(9+2) v,
= vf=15.75m/s

Vy = (-v, sinwti+v, coswt j); v =V j

By =270

=—Vy SIN@Fi+ (V) COS@E—V)) j  womfromeemes
Pewe =™ pu \/

=—mv, sin @ti+m(v, cos®t —v) j

A%
where @ = -2
R

= . V) o» 1% A
O, pppyy =m —vzsm?tz + VZCOS?t—vl J

H. Assertion & Reason Type Questions

(d) Statement1 : For an elastic collision, the coefficient of
restitution =1

_ v

= Relative velocity after collision is equal to relative
velocity before collision. But in the statement relative
speed is given.
Statement 2 : Linear momentum remains conserved in
an elastic collision. This statement is true.

I. Integer Value Correct Type

S Velocity at the highest point of bob tied to string £ is
acquired by the bob tied to string £, due to elastic
head-on collision of equal masses

0
Therefore ,/g(l = /5g_L’2 E= 5

GP_3481



Momentum and Impulse
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Letn be the number of bullets that the man can fire in
one second.

.. change in momentum per second = nxmv=F

[ m=mass of bullet, v = velocity] (- Fisthe force)

_ F _144x1000 _
Cmv o 40x1200
In x-direction, mv=mv, cos® (D

where v, is the velocity of second mass

my .
In y-direction, —==mv;sin® _ (2
Yy \/3 1 )

ny /\/?
4

*r—> T my, cos O

mv,

N
my, sin 0
Squaring and adding eqns. (1) and (2)
2
2

2V
W =v+—=oom="7v

3 V3

Let the velocity and mass of 4 kg piece be v| and m,
and that of 12 kg piece be v, and m,.

16 kg
Initial momentum
Situation 1 -0
4kg=m, m; = 12Kg  Final momentum
V|<_O D_) V2 =m,v, —mv,
Situation 2

Applying conservation of linear momentum

12x4 2
= Sv=——=12ms
MVy =MV =N ="y

~KE,= lmlvf _ L axiaa-288 g
2 2

In completely inelastic collision, all energy is not lost
(so, statement -1 is true) and the principle of
conservation of momentum holds good for all kinds of
collisions (so, statement -2 is true) . Statement -2
explains statement -1 correctly because applying the
principle of conservation of momentum, we can get the
common velocity and hence the kinetic energy of the
combined body.

JEE Main/ GIEEE

During each collision

.. L2 -1
Initial velocity = 5= Lms

2 _
Final velocity = —5 = ~Lms™!

Impulse = Change in momentum

=m|vy —v| =04x2=0.8Ns

P2 P2
Maximum energy loss = o m
2
“KE=+_=lpy
2m 2

PP[ M 1 { M }
=—|——|=—mv
2m| (m+M) | 2 m+M
Statement I1 is a case of perfectly inelastic collision.

By comparing the equation given in statement I with
above equation, we get

= yg) isendor (0
“maM instead of M+m

Hence statement I is wrong and statement II is correct.
Y

p=3mV

m R
2y p. |5y 45°
= X

N
d2m

Initial momentum of the system

p;= \/[m(2V)2 xm(2V)?]

=2mx2v
Final momentum of the system =3mV
By the law of conservation of momentum

22my =3mV
- 2«/§v -V

3 combined

Loss in energy

AE = llelz +1m2V22 _l(ml +1M5) VA nbined
2 2 2

AE = 3mv? —%mvz = %mvz =55.55%

Percentage loss in energy during the collision = 56%
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