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The initial mass of a rocket is 1000 kg. Calculate at what rate the fuel should be burnt so that the rocket is

given an acceleration of 20 ms2. The gases come out at a relative speed of 500 ms~! with respect to the

rocket:
[Use g = 10 m/s?]

@ 500 kgs™!
@ 10 kgs™!
(3) 60x102kgs!
@/ 60 kg s

= Vg G0
e b

[26 Aug, 2021 (Shift-1)]
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Ans: (I)
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Two particles, of masses M and 2M, moving as shown, with speeds of 10 m/s and 5 m/s collide elastically
at the origin. After the collision, they move along the indicated directions with speeds v, and v,

respectively. The value of v, and vyare nearly:

# Do —sx-dill [10 April, 2019 (Shift-1)]
szfziZ)\l =40+ 1016 - 1012 £=h S
Sl SC M(st)+ 2§ )= 2n
V= o2+ SRS + (J'z'
R+ |
S8 m/s and 6. G 5 e e ™

3

OR: m/s - nd 172 m/s\l‘\ﬁ@

@ 6.5 m/s and 6.3 m/s —M(&)T?ME) 2”(’\2>_ o

—d12+ 20 _—_2'{2\\\- 2\,

@ 6.5 m/s and 3.2 m/s

Ans: (1)
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Four particles A, B, C and D with masses m, = m, m; = 2m, m:. = 3m and m;, = 4m are at the corners of a
square. They have accelerations of equal magnitude with directions as shown. The acceleration of the

center of mass of the particles is: 8 April, 2019 (Shift-1)]
ZCm: ™ |a>l Al Mza;-r it Lo
™M a

) 26-) e e T
== a_a = m(a‘ +2 + Im(a) V\t+4m —Q)) .
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Ans: (3)
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A particle of mass m moving with velocity v collides with a stationary particle of mass 2m. After collision,
they stick together and continue to move together with velocity

@—*’V @ = @3-V,

NV = 2“\\/\ = \/‘: \//3

ATDB.uno

[10 April, 2023 Shift-1)]
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Velocity (v) and acceleration (a) in two systems of units 1 and 2 are related as

V2 ==Vi and a, = ;‘-1— respectively. Here m and n are constants. The relations for distance and time in

two system respectively are: [28 June, 2022 (Shift-11)]

Umit and Ainceasion

3 2
—L;=Land—T, =T,

4 ~ ATDB.uno
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n? n*
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Ans: (3)
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Two blocks of masses 10 kg and 30 kg are placed on the same straight line with coordinates (0, 0) and (x,
0) respectively. The block of 10 kg is moved on the same line through a distance of 6 cm towards the other
block. The distance through which the block of 30 kg must be moved to keep the position of center of

mass of the system unchanged is [27 June, 2022 (Shift-1)]

@ 4 cm towards the 10 kg block

m‘s & H}S lZ)'j 606 zo)q,

—

@ 2 cm away from the 10 kg block ATDBO@QQZO(?&): i \o,o) (X,0)

@/ 2 cm towards the 10 kg block —g;: =

@ 4 cm away from the 10 kg block

Ans: (T)
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Two bodies of mass 1 kg and 3 kg have position vectors i + 2j + k and —3i — 2] + k respectively. The
magnitude of position vector of center of mass of this system will be similar to the magnitude of vector:
[29 July, 2022 (Shift-1)]
- 1 A a i AN
o= ' (rr2yrk)T 3(-21-271k) _ -8?-4ci-r o
4 4

@22‘—2j’+k_>j§
@ -3i-2+k =\«
@ —2i+2k — |3
@/—zi’—f+fc—'>JZ

s
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Ans: (4)
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A block moving horizontally on a smooth surface with a speed of 40 m/s splits into two parts with masses
in the ratio of 1 : 2. If the smaller part moves at 60 m/s in the same direction, then the fractional change in

@'—*>‘*°‘“/s (m>—> Gomyg
@

<M(40) = M(go)r2my,

kinetic energy is:

® o
®
® s
@

ATDB.uno

[31 Aug, 2021 (Shift-11)]
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A particle of mass m is moving with speed 2 v collides with a mass 2m moving with speed v in the same
direction. After collision, the first mass is stopped completely while the second one splits into two
particles each of mass m, which move at angle 45° with respect to the original direction. The speed of each
of the moving particle will be: [9 April, 2019 (Shift-11)]

@ v/\2 i T o

e Ans: (2)
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A bullet of ‘4 g’ mass is fired from a gun of mass 4 kg. If the bullet moves with the muzzle speed of 50 ms,
the impulse imparted to the gun velocity of recoil of gun are:

[22 July, 2021 (Shift-11)]

J
= 0 > SOM/g
32
@ 0.4kg ms-1, 0.1ms! ﬁ KL B

02k : OOS l AfD-B % "CX\Q st = \f= Sx10< = O'O\fM/é
(2 2 kgms™, 0.05 ms-

fou&Se —D A’P: Qxlégx §0 = 0-2 Ka M/&

@ 0.4 kg ms™, 0.05 ms™!

(4) 02kgms™,0.1ms™

Ans: (T)
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Three objects A, B and C are kept in a straight line on a frictionless horizontal surface. The masses of A,

and C are m, 2 m and 2 m respectively. A moves towards B with a speed of 9 m/s and makes an elastic
collision with it. Thereafter B makes a completely inelastic collision with C. All motions occur along same
straight line. The final speed of C is:

@ 4m/s v‘;ﬂ lzT,ﬂ@T[bB.un()\/

7 B C
6m/s —> 2my—my = ™(S
@ b B ) m 2m l 2m
2 2U,-\ = 9 -\ i ] '
9m/s X
@ / ==Rilc = \’(‘\’a =l \‘z"\l\-;% 5.
: 9

@ 3m/s U,=6mlg ¢ V= M Ans:a)
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Two billiard balls of equal mass 30g strike a rigid wall with same speed of 108 kmph (as shown) but at
different angles. If the balls get reflected with the same speed then the ratio of the magnitude of impulses

imparted to ball ‘a’ and ball ‘b’ by the wall along ‘X’ direction is: [25 July, 2021 (Shift-1)]
\-]?: A?:. —mV‘.l\—(mV{‘\)z"va \ — _ 2mu

| J,= =
\T‘;— 2mu

@/ V2:1

e ATDB.UNO
3 \12 e U S . I
1:42 o T - X X G/:
ORE v
SEUIEY Ball(b)

@ £ Ans: (1)
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A particle of mass m is projected with a speed u from the ground at an angle 8 = /3 w.r.t. horizontal (x-
axis). When it has reached its maximum height, it collides completely inelastically with another particle of
the same mass and velocity ui. The horizontal distance covered by the combined mass before reaching the

ground is: \ o 9 Jan, 2020 (Shift-11)]
UCeors, = Y7 U Uy
2 il e (D=2 2(9_9 v,
A

DDDDDDDD

MU+ MY - 2my, = V= Y

2 2
8 g ,
2 F”TD 2w, = kgﬂ R
u P Q oc
(2) 227 . d
l—: \Pl(&
5 u2 n \\ 25
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A particle of mass m is dropped from a height h above the ground. At the same time another particle of the
same mass is thrown vertically upwards from the ground with a speed of ,/2gh. If they collide head-on

completely inelastically, the time taken for the combined mass to reach the ground, in units of \/Z is

|

2

® ® 06

™y Qm U=0
h i
T ATlgluno
: | "‘QT\/
«“’&r%"l: b,
_—‘ﬁ{——-o\—-\\ = =1ot? Wk - a2 &
Vhadk s 2 “hy = 5% e 52?7&
MR N Rt Lee |t R

=
[8 Jan, 2020 (Shift-11)]
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Za Ans: (8)
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A particle of mass m is dropped from a height h above the ground. At the same time another particle of the
same mass is thrown vertically upwards from the ground with a speed of ,/2gh. If they collide head-on

completely inelastically, the time taken for the combined mass to reach the ground, in units of \/% is:

| | [8 Jan, 2020 (Shift-11)]
— m Ny
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Ans : (X)
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The distance of center of mass from end A of a one dimensional rod (AB) having mass density Q =

Qo ( 1-— %) kg/m and length L (in meter) is 3:1—Lm . The value of « is
. (where x is the distance from end A) [28 July, 2022 (Shift-11)]
o ;p.dx
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As per the given figure, two blocks each of mass 250 g are connected to a spring of spring constant 2 Nm-L.
If both are given velocity v in opposite directions, then maximum elongation of the spring is:

[29 June, 2022 (Shift-1)]
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Ans: (2)
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A wedge of mass M = 4 m lies on a frictionless plane. A particle of mass m approaches the wedge with
speed v. There is no friction between the particle and the plane or between the particle and the wedge.

The maximum height climbed by the particle on the wedge is given by: [29 April, 2019 (Shift-1I)]
| 2 (Sm)uF) = mgh
L v 31 )('z'g)“ 4
2
212 s h=2v
@ 7 g
79 Y ;
AL
Fol=al
2 ‘F)X ))7\ \Jz':.g

S, k\"' U\: Ke‘\"uz’
g e 2 2
S0 = LY\ gV + ek
2 2 ( ) “MK \

29 Ans: (3)
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A square shaped hole of side [ = -;5 is carved out at a distancerom the center 'O’ of a uniform

circular disk of radius a. If the distance of the center of mass of the remaining portion from 0 is — % value

of x (to the nearest integer) is

@,0) [2 Sep, 2020 (Shift-11)]
. a ;/. //
2-.—

Ans: (23)
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Three identical spheres each of mass M are placed at the corners of a right angled triangle with mutually
perpendicular sides equal to 3 m each. Taking point of intersection of mutually perpendicular sides as
origin, the magnitude of position vector of center of mass of the system will be /x m. The value of x is

X = me)rm(e)rm(a) - M (0,2)  [25]uly, 2022 (Shift-ID)]

Lo

YCM‘-‘- M(0)r M(3)+ Mm(o

>A'FDB.ung

Ans: (2)
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- Question )

A ball of mass 10kg moving with a velocity )

10 V3 m/s along, the x-axis, hits another ball of mass 20kg
which is at rest. After the collision, first ball comes to rest while
second ball disintegrates into two equal pieces. One piece starts A 10m/s ﬁ Picce-1
moving along y-axis with a speed of
10 m/s. The second piece starts moving at an angle of 30° with
respect to the x-axis. The velocity of the ball moving at 30° with
x-axis is x m/s. The configuration of pieces after collision is YRR
shown in the figure below. ATDB.un q)
The value of x to the nearest integer is :
| [18 March, 2021 (Shift-1)]|

I R T s a8 oy B(uid)
G_‘JG’& Q Q \&a . 2Qm/& k )

Yesk &’fc? 3; Y . d;“\
’0% v Q= 18(0)-10 Ki)
S :

-axi1s
A
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A bullet of 10 g, moving with velocity v, collides head-on with the stationary bob of a pendulum and

recoils with velocity 100 m/s. The length of the pendulum is 0.5 m and mass of the bob is 1 kg. The

minimum value of v = m/s so that the pendulum describes a circle. (Assume the string to be
inextensible and g = 10 m/s?%)
ey S o [27 Aug, 2021 (Shift-11)]
(3"&- O‘Q
ATDB.uno
G’“V d) Jaom /s

L= JSBQ ‘—Jsxlox-g = S

\o’za

—=

?Pi = ?§ = Qé?)\; = -8 (Y + \(S)

= -\t S&y = Advm/g Ans : (400)
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Consider a circular disc of radius 20 cm with center located at the origin. A circular hole
of a radius 5 cm is cut from this disc in such a way that the edge of the hole touches the
edge of the disc. The distance of center of mass of residual or remaining disc from the
origin will be- @ (January 2025)/ 23-01-2025/Morning Shift

Ans. (4)
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The center of mass of a thin rectangular plate (fig - x) with sides of length a and b,
OpX

whose mass per unit area (c) variesas ¢ = Ty (where G, is a constant), would be
z (2 B W= s (January 2025)/28-01-2025/Morning Shift)
(5“2)_ )(Cm:. S%dm A OX 2
@ _z.a’zb jdﬂ AT éUﬂO _+ (X,lg)
353 > S :
a b P < 2dX b )
® (35) =) —1
D ) = ! O ﬁga.x X C’dl\ z &>Kbd)\)
@ o S%w SR “3
= a, =g 44 = Qq = c:)XAx
3 2 059 e = 0
i Ans: (1)
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As shown below, bob A of a pendulum having massless string of length 'R’ is released
from 60° to the vertical. It hits another bob B of half the mass that is at rest on a friction
less table in the center. Assuming elastic collision, the magnitude of the velocity of bob A

after the collision will be (take g as acceleration due to gravity)
(January 2025)/29-01-2025/Morning Shift)

1 P—
@ =VRg U= (232 - [32
@ $top M)
o =5
® ey
@ 9z
VRN
v, -

Ans: (1)
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Assertion (A) : Three identical spheres of same mass undergo one dimensional motion
as shown in figure with initial velocities vy, = 5 m/s, vz = 2 m/s, v, = 4 m/s. If we wait
sufficiently long for elastic collision to happen, thenv, =4 m/s, vy =2 m/s, v. = 5 m/s
will be the final velocities. N

X é} S0 & e
-5 AIbBudo & & O°

Reason (R) : In an elastic collision between identical masses, two objects exchange their

velocities. ./~ (January 2025)/29-01-2025 /Evening Shift)
dl D

P
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Both (A) and (R) are true but (R) is NOT the correct explanation of (A)
(A) is true but (R) is false

Both (A) and (R) are true and (R) is the correct explanation of (A).

QOGO

(A)is false but (R)istrue A TDB.uno

Ans: (4)
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