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PRACTICE EXERCISES

SINGLE CORRECT CHOICE TYPE QUESTIONS

This section contains Single Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of
which ONLY ONE is correct.

1.

The gravitational force between a point like mass M
and an infinitely long, thin rod of linear mass density
A at perpendicular distance L from M is

MGA 1 MGA
A) 22 By -~
@ = ® S
(@) —ZNEGA (D) infinite

The radius of a planetis R . A satellite revolves around
it in a circle of radius r with angular speed @. The
acceleration due to gravity on planet’s surface will be

3 2.3
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Consider a particle of mass m released from a point
lying on the axis of a ring of mass M and radius r
and at a distance » from the centre of ring. Assuming
that the particle is moving under the gravitational
attraction of the ring to reach the centre of the ring,
then the velocity of the particle at the centre of the

ring is
GM B) 2GM
r
2GM 1
o H-5)
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A homogeneous bar of length L and mass M is at a

r
2GM
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distance / from a point mass m as shown. The force

on mis F.
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A = B F:
*) (h+L) ®) K
GMm GMm
C) F=— D) F=
© h(h+L) D) I

A uniform ring of mass M and radius R is placed
directly above a uniform sphere of mass 8M and of
same radius R. The centre of the ring is at a distance
of d=+/3R from the centre of the sphere. The gravita-
tional attraction between the sphere and the ring is

10.

8GM? 2GM?
A B) =
( ) R2 ( ) \/gRZ

3GM? J3GM?
(@) R D) B

Ahole is drilled from the surface of earth to its centre.
Aparticle is dropped from the surface of the earth. The
speed of the particle when it reaches the centre of the
earth in terms of its escape velocity (v, ) at the surface
of earth is

*) ®) v,
© v, m)§%

Two identical solid spheres of radius R placed in
contact with each other, the gravitational attraction
between them is proportional to

(A) R? (B) R*
C) R* (D) R*

A planet has a mass and density both equal to eight
times the mass and average density of the earth. If g
be the acceleration due to gravity at the earth’s surface,
then acceleration due to gravity at the planet’s surface is
(A) 2g (B) 4g

©) 8¢ (D) 16g

Gravitational force between two charged bodies is F
and electrostatic force between them is F, . They are at
distance r from each other. Now the air between them
is sucked out and distance is increased to 2r . Then the
new forces F and F, are such that

r F 7’ F
M)ﬁ—j (B) %-f
E F
C) E>-2 D) F>-L
© E 1 (D) K 1

If ¢, and g; be the accelerations due to gravity at
height 1 and at depth d , above and below the surface
of earth respectively . Assuming h R and d R
and if g, = g, then,

(A) d=h

(B) d=2h

(C) h=2d

(D) data is insufficient to arrive at a conclusion
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A hemispherical shell having uniform mass density is
shown in Figure. The direction of gravitational field
intensity at point P will be along

(A) a
C ¢

(B) b
D) d

What should be the velocity of a body thrown verti-
cally upwards from the surface of earth (mass M and
radius R ) so that it may reach at a height of 7R from
the surface ?

[20GM 20GM
(A) = G
11R 9R
17GM 7GM
© o D) ==
9R 4R

Rate of change of weight near the earth’s surface varies
with height () as
(A) h (B) h’

1
€ nt (D) h2

A uniform spherical planet of radius R has accelera-

tion due to gravity at its surface g.Points P and Q

located inside and outside the planet respectively
g

have same acceleration due to gravity equal to 1

Maximum possible separation between P and Q is

7R 9R
A) — B) —
(A) n (B) 1
©) % (D) None of these

The radius of the earth is 6400 km and ¢ =10 ms™.In
order that the body of 5 kg weighs zero at the equator,
the angular speed of the earth should be

(A) 1 rads™ (B) 1 rads™
80 400
1 -1 1 -1
(C) —— rads (D) ——rads
800 1600

If the radius of the earth were increased by a factor of
2, keeping the mass constant, then the factor by which
its density has to be changed to keep g the same is

1 1

A 2 ® 7
1

© 3 (D) 4
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If radius of a solid sphere is decreased to half, keeping
density of sphere unchanged, the slope of E-r graph will
(A) remain unchanged
(B) become two times
(C) become four times
(

D) remain %th
The potential energy of a body of mass m is

U =ax+by the magnitude of acceleration of the body
will be

@& @ m)(ﬁf)
m m
©) «Jaz + B2 D) a? +b*
m m

The ratio of acceleration due to gravity at a depth h
below the surface of earth and at a height /1 above the
surface of earth for i R

(A) is constant

(B) increases parabolically with h

(C) increases linearly with I

(D) decreases parabolically with h

The gravitational field at a distance r from the centre
of the sphere (having radius R, density p) inside it is

4pGrr 4pGr?
) ® L
3 3
© 3 o) 2E
r r

The ratio of the energy required to raise a satellite upto
a height h above the earth (of radius R) to the kinetic
energy of the satellite into the orbit there is

(A) h:R (B) R:2h
(C©) 2h:R (D) R:h
A mass m is raised Slowly from a distance 2R from

surface of earth to 3R . Work done to do so against
gravity will

mgR mgR
A) —— B) ——
A o B =
mgR mgR
0 —— D) ——
© = @

A solid sphere of uniform density and radius R
applies a gravitational force of attraction equal to F
on a particle placed at a distance 3R from the centre

of the sphere. A spherical cavity of radius g is now

made in the sphere as shown in the figure. The sphere
with cavity now applies a gravitational force F, on the

K
same particle. The ratio FZ is
1
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24,

25.

L A
¢ 3R >
9 41
(A) 5 (B) =
3 11
© % (D) %

A spherical hole of radius % is made in a solid sphere

of radius R, mass M. The gravitational field at the
centre of the hole due to the remaining mass is

GM
(A) zero (B) T
© %‘f D) f{—ﬂf

Aring of radius R, mass m and a solid sphere of same
mass m and same radius R are placed with their cen-
tres on positive x-axis. The observer is moving from
some finite distance on negative x-axis towards posi-
tive x-axis and the plane of the ring is perpendicular to
x-axis. If the observer moves only upto the surface of
the solid sphere, then the net gravitational field varies
with the distance moved along x-axis as

m m
________ - Lal +Xx-axis
R
(A) (B) E
A A
N distance _/-\T /~_distance
© E D) E
A Y
| M~
i distance ; distance
- 1

26.

27.

28.

29.

30.

31.

A particle of mass M is placed at the centre of a uni-
form spherical shell of mass 3M and radius R. The
gravitational potential at the surface of the shell is

GM 3CM
B -—& B %
2GM 4GM
© -— ©) ——=

Two identical thin rings each of radius R are coaxi-
ally placed at a distance R. If the rings have a uni-
form mass distribution and each has mass 1, and m,
respectively, then the work done in moving a mass m
from centre of one ring to that of the other is

Gm(ml—mz)(ﬁ—l)

(A) zero (B)

V2R
© Gmﬁ(gﬁmz) D) Gmmifﬂ)
2

An infinite number of masses, each of 1 kg, are placed
on the positive x -axis at 1 m,2m,4m, 8 m, ... from
the origin. The value of the gravitational field at the
origin due to this distribution is

&) 26 ® X
3G 3
o % D) «

For a given density of planet, the orbital period of a
satellite near the surface of planet of radius R is pro-
portional to

1 3
(A) R? (B) R2
1
(C) R2 D) R

For a planet revolving around sun in an elliptical path
as shown

Vi
-
v2

(A) vn =01 (B) 2vyn =01

@ v =20n (D) 201 =Boy,

The magnitude of gravitational potential energy of the
earth-satellite system is U with zero potential energy
at infinite separation. If mass of satellite < mass of
earth and the kinetic energy of satellite is K, then

(A) K=2U (B) K=%
€ K=U (D) K=4U
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32.

33.

34.

35.

36.

A particle on earth’s surface is given a velocity equal to
its escape velocity. The total mechanical energy of the
particle is
(A) infinite
(C) positive

(B) negative
(D) zero

Asmallball of mass m is released at a height R above
the earth surface, as shown in the given figure. The
maximum depth of the ball to which it goes inside
the earth through a narrow groove before coming to

g . R . .
rest momentarily is rh The groove, contains an ideal

spring of spring constant k and natural length R . The
value of k,if R is the radius of earth and M mass of
earth, is

.-- -B‘ oo m
3GMm 6CMm
() =5 ® T
9GMm 12GMm
(@] ' ®) R’

A projectile is fired upwards from the surface of the
earth with a velocity kv, where v, is the escape veloc-
ity and k<1.1If r is the maximum distance from the
centre of the earth to which it rises and R is the radius
of the earth, then r equals

R R
(B ®) —
2R 2R
© % P e

The binding energy of a particle at the surface of earth
is E.If a kinetic energy greater than E is given to this
particle, then the total energy of particle will be

(A) zero (B) infinite

Q) >0 (D) <0

Two concentric spherical shells are as shown in figure.
The V-r graph will be

my

37.

38.

39.

40.

41.
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(A) v (B) v

A star with a mass of more than three times that of
the sun contracts so much upon cooling that it loses
its capacity to radiate; neither material particles nor
light are able to overcome its gravitational field (such
an object is called a “black hole”). Taking mass of sun
tobe 2x10* kg, the radius of such an object could be

(approximately)
(A) 6km (B) 7km
(C) 8km (D) 9km

Four particles of equal mass M move along a circle
of radius R under the action of their mutual gravita-
tional attraction. The speed of each particle is

(A) GTM (B) [ZﬁGTM}
o (o] o {557

The gravitational field in a region of space is given by
E= (4? + ;) Nkg™ . The work done by this field is zero
when a particle is moved along the line

(A) y+4x=2 (B) 4y+x=6

(C) x+y=5 (D) y—4x=2

The speed of a planet in an elliptical orbit with semi-

major axis a about sun of mass M at a distance r
from sun is

w (] o ol
o Bl oS

A body is projected up with a velocity equal to three
fourth of the escape velocity from the surface of the
earth. The maximum distance it reaches from the cen-
tre of the earth is (Radius of the earth is R)
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42,

43.

44.

45,

46.

47.

10R 16R
(A) e (B) -
9R 10R
©) 3 (D) KR

The work done in slowly lifting a body from earth’s
surface to a height R (radius of earth) is equal to two
times the work done in lifting the same body from
earth’s surface to a height / , then

@A) h=R B) h=

w | = @I
M| o=

€ h= (D) h=
A particle of mass m starts moving from rest along
the line y =b with constant acceleration a. The areal
velocity of the position vector of the particle at time ¢ is

(A) constant (B) zﬂ
abt a*bt
= D) ——

(©) o (D) b

A particle is placed in a field characterised by a value
of gravitational potential given by V = —kxy , where k

is a constant. If E, is the gravitational field then,

A) Eg k(xt+ Y ]) and is conservative in nature.

(

(B) =k ( yi+xj ) and is conservative in nature.

©€) E" = k(1 + y]) and is non-conservative in nature,
(D) E ( yi+xj ) and is non-conservative in nature.

The gravitational potential of two homogeneous
spherical shells A and B of same surface density at
their respective centres are in the ratio 3:4 .If the two
shells coalesce into single one such that surface charge
density remains same, then the ratio of potential at an
internal point of the new shell to the potential inside
shell A is
(A) 3:2

(€ 5:3

(B) 4:3
(D) 5:6

A satellite is revolving round the earth in an orbit of
radius r with time period T . If the satellite is revolv-
ing round the earth in an orbit of radius r + Ar (Ar < 1)
with time period T + AT (AT « T) then,

AT 3 Ar AT 2 Ar
(A) === B) =5
T 2vr T 3r

AT Ar AT Ar
© T=7 D) Z=-=
r T r

The gravitational potential at the centre of a sphere
of radius 2R having a concentric spherical cavity of
radius R and netmass M is

48.

49,

50.

3GM 9GM
(A) - 7R ®) T 14R
5GM 7GM
<€) ——— D) ———
7R 14R

A particle is projected vertically upwards with a velocity
\/g_R , where R denotes the radius of the earth and g

the acceleration due to gravity on the surface of the earth.
Then the maximum height ascended by the particle is

@ 5 ® R
© 2R o

Two identical spherical balls each of mass m are placed
as shown in figure. The variation of gravitational inten-
sity g along the x-axis is best represented in

©

Amass is taken from surface to a height /i . The change
in potential energy in this process is equal to the
change in potential energy if it is now taken from that
point to infinity. Then,

(A) h=R (B) h=2R
©) h=% (D) h=4R
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The time period of an earth satellite close to the surface
of the earth is 83 minute. The time period of another
earth satellite in an orbit at a distance of three earth
radii from its surface will be
(A) 83 minute

(C) 664 minute

(B) 838 minute
(D) 249 minute

A particle of mass m moves along a straight line with
constant speed in the x direction at a distance b from
the x-axis as shown and sweeps areas A, and A, , then

P

) A A if -ty >t -
B) A >A) ift,-t,<t, -t
) A=A, if -ty <t,—H
) A, is always equal to A,

SRS S

Two particles each of mass m are revolving in circu-
lar orbits of radius » =5R in opposite directions. They
collide perfectly inelastically and fall to the ground.
The speed of combined mass on striking the ground is
(A) 2420, (B) 2y,

©) 29, (D) v,

The ratio of Earth’s orbital angular momentum (about

the Sun) to its mass is 4.4x10°m?%™. The area
enclosed by the earth’s orbit is approximately

(A) 1x10% m* (B) 3x10% m*
(C) 5x%10% m? (D) 7x10% m?

Auniform thin rod of mass % and length R is placed

normally on surface of earth as shown. The mass of
earthis M and its radiusis R . Then the magnitude of
gravitational force exerted by earth on the rod is

R
M
2
GM? GM?
A) —— B) ——
(A) IR (B) Y
4GM? GM?
C D
© 9R? ©) 8R?

56.

57.

58.

59.

60.
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A particle is projected from the surface of earth with
velocity equal to its escape velocity at 45° with
horizontal. The angle of its velocity with horizontal at
height 1 = R, where horizontal at some point means a
line parallel to tangent on earth just below that point, is

(B) cos‘l( % ]
(D) cos_l( i )

A shell of mass M and radius R has a point mass
m placed at a distance r from its centre. The gravita-
tional potential energy U(r) vs r will be

(A) 30°

(C€) 60°

(A) 0 . ® QT,R ,
v
Ul utr)
© o =r D)o R p
GMm / :;
R
v v
up un

In a double star system, the masses of the two stars are
M and 3M. The orbit radius of the lighter star is R.
The time period of each star is

3 3
(A) 87~ (B) 167~
GM GM
R3
(C) 8n M (D) None of these

A particle of mass m is projected upwards with veloc-
ity half the escape velocity. At the highest point, the
potential energy of the particle is

GMm GMm
A) ——— B) ———
(A) M (B) m
©) _3G4}\I;Im D) _Zif\;m

A satellite of mass m is moving around the earth in
a circular orbit of radius r . If the mass of the earth is
M, then the energy required to take the satellite to an
orbit of radius 3r is

(A) GMm ®) GMm
r 2r

©) GMm D) GMm
3r or
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61.

62.

63.

Three particles each having a mass of 100 g are placed
on the vertices of an equilateral triangle of side 20 cm .
The work that has to be done to increase the side of
this triangle to 40 cm is (G =6.67x10™" Nm:"kg‘z]

(A) 5x107%]

(B) 4x1077

(C) 5x1072]
(D) 5x10°°]

A sphere of mass M and radius R, has a concentric
cavity of radius R; as shown in figure. The force F
exerted by the sphere on a particle of mass m located
at a distance r from the centre of sphere varies as
(0<r<)

»
»
»
>

Imagine the acceleration due to gravity on earth is
10 ms™ and on mars is 4 ms™. A traveler of mass
60 kg goes from earth to mars by a rocket moving
with constant velocity. If effect of other planets is
assumed to be negligible, which one of the following
graphs shown the variation of weight W(inN) of
traveler with time f (in second)

Weight (N)

04.

65.

66.

67.

The gravitational field due to a mass distribution
K

is E=— in the x-direction, where K is a constant.
X

Taking the gravitational potential to be zero infinity, its
value at a distance x is

@& £ ® =
X 2x
K K
© = ®) 5

A system consists of 1 identical particles each of mass
m . The total number of interactions possible is

(A) n(n+1) (B) ”(”2”)
© nln-1) D) ”(”2”

A straight rod of length | extends from x=a to

x =1+ ¢ If the mass per unit length is (a+bx?). The
gravitational force it exerts on a point mass m placed
at x=0 is given by

A

(A) Gm[a(é—ﬁ]+bl]

2
®) Gm(f;: bx?)

© Gm[a(l—i]+bl]
a a+l

A thin spherical shell of mass M and radius R has
a small hole. A particle of mass  is released at the
mouth of the hole. Then the particle

m

(A) will execute simple harmonic motion inside the
shell.

(B) will oscillate inside the shell, but the oscillations
are not simple harmonic.

(C) willnot oscillate, but the speed of the particle will
go on increasing.

(D) stays at rest in its equilibrium position.
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68.

69.

70.

71.

72,

73.

A small meteorite of mass m travelling towards the
centre of earth strikes the earth at the equator. The
earth is a uniform sphere of mass M and radius R.
The length of the day was T before the meteorite
struck. After the meteorite strikes the earth, the length
of day increases by

5SmT mT
(A) M (B) M
4mT M
© G (D) T

A ring of radius R has a total mass M distributed
non-uniformly over its circumference. A point mass m
is placed at the centre (C) of the ring. The work done
in taking away this point mass from centre to infinity is

GMm GMm
(A) - M (B) =
GMm GMm
T TS

The gravitational self energy of a spherical shell of
mass M and radius R is

GM? GM?
A) ——— B) ———
(A) m (B) R
3GM? GM?
Q) —— D) ———
5 R 2R

An artificial satellite is moving in a circular orbit
around the earth at some height with a speed equal to
half the magnitude of the escape velocity from the sur-
face of earth. Suppose the satellite is stopped suddenly
in its orbit and allowed to fall freely. On reaching earth

its speed will be
(B) 2/sR

(&) R
(€ 3R (D) 53R

The height above the surface of earth where the total
energy of a satellite is equal to its potential energy at a
height of 2R from surface of earth (if R is the radius
of the earth) is

R R
(A) 1 (B) 5
Q) 2R (D) 4R

Two particles having masses n7; and 1, start moving
towards each other from the state of rest from infinite
separation. Their relative velocity of approach when they
are interacting gravitationally at a separation r will be

A) ’G(m]: m, ) ®) 2G(m1f+ )
4G (my +my)

(C) M (D) "

74.

75.

76.

Chapter 4: Gravitation and Satellites 4.65

A particle is projected upward from the surface of
earth with a speed equal to the orbital speed of a satel-
lite near the earth’s surface. If R be the radius of earth,
then the height to which it would rise is

R
(A) V2R ® 5
€ R (D) 2R

Two small balls of mass m each are suspended side by
side by two equal threads of length L. If the distance
between the upper ends of the threads be a, the angle
6 that the threads will make with the vertical due to
attraction between the balls is

(A) tan”! |: L (_; x)g :l (B) tan”! [

Gm
(a—ng}

4 (ax)zg} 1[(a2x2)g]
(C) tan |:7Gm (D) tan “om

A planet is moving in an elliptical orbit around the
sun as shown in figure. At positions P and Q it has
respective speeds v; and v, and respective distances

v
1 and 7, from the sun, then —- equals
1 2 q

Uy

V2

PO OQ
v

(a) & (B) 2

) i
2

h h
© ?'2 (D) (rz]

. Abody is projected away from the earth with a speed

3v, where v, is the escape velocity. The speed of the
body at infinity will be

(A) o, (B) 2o,
) 20, D) 22,
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78.

79.

80.

81.

82.

Two air bubbles in water

(A) repel each other

(B) attract each other

(C) donot exert any force on each other

(D) may attract or repel depending upon the distance
between them

The figure shows the motion of a planet around the
sun in an elliptic orbit with the sun at one focus. The
shaded areas A and B can be assumed to be equal. If £;
and f, represent the times taken by the planet to move
from a to b and from ¢ to d respectively, then

z

(A) t <t (B) t,>t,
Q) H=t (D) Data Insufficient

a

Asatellite of mass m orbits the earth inan elliptical orbit

having aphelion distance 7, and perihelion distance 7, .

The period of the orbitis T . The semi-major and semi-

. . ht rp
minor axes of the ellipse are 5

and Jr,7, respec-
tively. The angular momentum of the satellite is

m}r(rn + rp) Taly

(A) .
(B) M(fn;f,)\/ﬁ
o i ;Tp) iy
o) " ZTP) W

A satellite of mass m moves along an elliptical path
around the earth. The areal velocity of the satellite is
proportional to
(&)

1

(C) m?

(B) m
(D) m°

The time period of an artificial satellite in a circular
orbit of radius R is 2 days and its orbital velocity is
o, . If time period of another satellite in a circular orbit
is 16 days, then

(A) itsradius of orbitis 4R and orbit velocity is 7,
(B) itsradius of orbitis 2R and orbital velocity is v,

(C) itsradius of orbitis 2R and orbital velocity is %0

(D) its radius of orbitis 4R and orbital velocity is %

83.

84.

85.

86.

87.

The period of revolution of an earth satellite close to
the surface of earth is 90 minutes. The time period of
another satellite in an orbit at an altitude of three times
the radius of earth is

(A) 9048 min
(C) 360 min

(B) 270 min
(D) 720 min

Two particles of equal mass m go round a circle of
radius R under the action of their mutual gravita-
tional attraction. The speed of each particle is

1 1 Gm
A V=— e B V: _—
(A) 2R\ Gm ®) 2R

_1|Gm _ [4Gm
© V‘z\/; @) V= R

The minimum energy required to launch a satellite of
mass m from the surface of earth (of mass M, radius
R) in a circular orbit at an altitude 2R is

GmM GmM
A) —— B) ——
(A) R (B) R

5GmM 2GmM
© 6R D) 3R

Consider a circular disc of mass M, radius R with
surface mass density o. The gravitational potential
due to the disc at a point P lying on its axis at distance
r from the centre is

(A) -2moGr

(B) -4moGr
’

©) —ZEO'Gr(l—WJ
.

(D) 47r0‘Gr[1 m)

Mass M is uniformly distributed only on curved sur-
face of a thin hemispherical shell. A, B and C are
three points on the circular base of hemisphere, such
that A is the centre. Let the gravitational potential
atpoints A, B and C be V,, Vi, V- respectively.
Then

(A) V,>Vp>Ve
B) Ve>Vz>V,
(C) Vy>V, and V>V,
D) Vy=Vp=Vc
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88.

89.

90.

91.

92.

An electron moves in a circular orbit at a distance
from a proton with kinetic energy E. To escape to
infinity, the energy which must be supplied to the
electron is

(A) 05E (B) 2E

C) E (D) V2E

Abody of mass m is kept at a small height / above
the ground. If the radius of the earth is R and its
mass is M, then the potential energy of the body and
earth system, with the reference position being taken
at infinity, is

GMm ~GMm

(A) +mgh (B)

+mgh

GMm — mgh D) ~GMm

© —mgh

The gravitational field in a region is given by

I =(21A'+3}) Nkg ' .The work done in moving a

particle from (1, 1) m to (2, 1) m along the line
: 3

3y+2x=>51s

(A) Zero (B)

©) -15]

+20]
(D) +18]
Three solid spheres each of mass m and radius R are

released from the position shown in figure. The speed
of any one sphere at the time of collision would be

o
.d
1 3 3 1
() Gm(E—E) ®) Gm(E—E)
o ) o

The masses and the radii of earth and moon are
respectively M,, R, and M, , R,. The distance
between the centres is 7. At what minimum velocity
a particle of mass m be projected from the mid point
of the distance between their centres so that it may
escape into space?

93.

94,

95.

96.

97.
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(A) %(ME+M”T) (B) ? (M, +M,,)
© (Fmoam,) 0 Z WM,

The potential energy of gravitational interaction of a
point mass m and a thin uniform rod of mass M
and length [, if they are located along a straight line
at a distance a from each other is

(8 u=-Mg (1)
a a

(B) u=GMm(1—L)

a a+l
© u=-DMiog (2]
[ a
D) U:_Gﬂ;{m

An object of mass 100 kg starts to fall from a height
equal to radius of earth (R). Its speed when it has
lost half the initial height is [ M is mass of earth]

100G

GM
3R ®) \/6:R

(A) =5
50G GM
O = D) |[—
© 3R ®) 3R
The magnitude of the potential energy per unit mass

of the object at the surface of earth is E. Then the
escape velocity of the object is

(A) 2E (B) 2JE
© VE (D) \E

If ¢ is the acceleration due to gravity at the surface
of the earth, then the energy required to launch a
satellite of mass m from the surface of the earth into
a circular orbit at an altitude of 2R, R being the
radius of the earth, is

mgR mgR
A) —— B) ——
@) = B =
2mgR 5
C D) —mgR
© = (D) <mg

If the period of revolution of an artificial satellite just
above the earth’s surface is T and the density of
earthis p, then pT? equals

3r 3r
(A) e (B) %
2r T
©) ra (D) G
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98.

99.

100.

101.

102.

103.

Consider a mass 71, enclosed by a closed imaginary
surface 5. Let E be the gravitational field intensity
due to m, at the surface element dS directed as out-
ward normal to it. The surface integral of the gravita-
tional field over S is

(A) —mG (B)
_ImG

4r

If M, is the mass of earth and M, is the mass of
moon (M, =81M,,). The potential energy of an

—4rm,G

(o) (D) None of above

m

object of mass m situated at a distance R from the
centre of earth and r from the centre of moon, will be

1

(A) -GmM,, ( R +r ) — (B) -GmM, ( 81 + 1 J
81 R r R

(C) _GmMm ( ﬂ + 1] (D) GmMm ( ﬂ - 1}
R r R r

A person brings a mass of 2kg from A to B. The
increase in kinetic energy of the mass is 4] and
the work done by the person on the mass is —10] .
The potential difference between A and B is AV,
given by

(A) 4Jkg™

(€) -3Jkg™

(B) 7]Jkg™
(D) -77Jkg™

A research satellite of mass 200 kg circles the Earth in
R
an orbit of average radius 37 ,where R is the radius

of the Earth. Assuming gravitational pull on a mass
1kg on Earth’s surface to be 10 N, the pull on the
satellite will be

(A) 880N (B) 889N

(C) 890N (D) 892N

A satellite is revolving round the earth with orbital
speed v, . If it stops suddenly, the speed with which it
will strike the surface of earth (if v, is the escape speed
of the particle from the earth’s surface), would be

92

(A) —= B) 7

%9
(D) o -2v}

A planet is moving in an elliptic orbit. If T, U, E
and L stand respectively, for its kinetic energy, grav-
itational potential energy, total energy and angular
momentum about the centre of force, then

(A) T is conserved

(B) U isalways positive

(C) E isalways negative
(

Q) vl -7

D) magnitude of L is conserved but its direction
changes continuously

104.

105.

106.

107.

108.

A planet revolves around the sun in an elliptical
orbit of eccentricity e . If T is the time period of the
planet, then the time spent by the planet between the
ends of the minor axis close to the sun is

o (b

©) [5—1)T o) &
T e

Inside a uniform sphere of mass M and radius R, a

. . R, .
cavity of radius 3 is made in the sphere as shown.
Select the correct statement.
A

< y

e

Gravitational field inside the cavity is uniform
Gravitational field inside the cavity is non-uniform
The escape velocity of a particle projected from

88GM

15R
(D) Escape velocity is defined for earth and particle
system only

—_—

o=

point A is

The angular momentum (L) of earth revolving
round the sun in circular orbit is proportional to ",
where r is the orbital radius of the earth. The value
of n is

(A) 1 (B) 2

1
€ -= D) -
© -3 @) 3
Consider a thin uniform spherical layer of mass M
and radius R. The potential energy of gravitational

interaction of matter forming this shell is

GM? 1GM?

A) - B ————
(A) R (B) 5 R
3 GM? 2 GM?

© 2 R O 3%
3 R

By what percent the energy of a satellite has to be

. o . . 3
increased to shift it from an orbit of radius r to —r ?

(A) 15% (B) 20.3%
(C) 33.3% (D) 66.7%
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109.

110.

111.

112.

113.

114.

115.

For a spherical shell of mass M and radius R, the
energy required to double its radius is

GM? 3GM?
A) B
(A) R (B) >R
GM? GM?
C) — Dy
©) m (D) R

A satellite is seen after every 6 hours over the
equator. If it revolves from east to west, the angular
velocity of the satellite about the centre of earth is

(A) % radhr™! ®) Z radhr!

(©) % radhr’ (D) = radhr’
Consider a solid sphere of mass M and radius R,
then the potential energy of gravitational interaction
of matter forming this solid sphere is

GM? 1GM?
A) ——— B) ————
(A) R (B) > R
3GM? 3 GM?
Q) -——— D) —=——
5 R 2 R

A planet of mass m is revolving in an elliptical orbit
about the sun with an orbital period T .1f m M,
and A be the area of orbit, then the angular momen-

tum of the planet is
mA mA
A) — B) —
(A) ST (B) T
2mA 4mA
C) — D)y —
(©) T (D) T

An artificial satellite moving in circular orbit around
the earth has a total (kinetic + potential) energy E,.
Its potential energy and kinetic energy respectively are

(A) 2E, and -2E,
(B) -2E, and 3E,
(C) 2E, and -E,
(D) —2E; and -E,

A satellite revolving in a circular equatorial orbit
from west to east appears over a certain point on the
equator every 8 hours . Its time period is

(A) 16 hr (B) 8hr

(C) 6hr (D) 32hr

A “double star” is a composite system of two stars
rotating about their centre of mass under their
mutual gravitational attraction. Let us consider such
a “double star” which has two stars of masses m and
2m atseparation I.If T is the time period of rotation
about their centre of mass then,

116.

117.

118.

119.

120.
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| P [P
A T=2r,|— B) T=2n,|——
(A) g mG ® d 2mG
B I
(C) T=2m|—— (D) T=2n|——
3mG 4mG

What should be the angular velocity of earth about
its own axis so that the weight of the body at equator

would become %th of its present value

1 1

(A) w0 rads™ (B) 0 rads™
1 . 1 .
(C) —— rads (D) —— rads
1600 3200

Two bodies of masses m and M are placed a distance
d apart. The gravitational potential at the position
where the gravitational field due to them is zero is V.

(A) V:—%(m+M)

_ Gm

®) V=-=

GM

(@) V=77
G

Apoint P(R\E ,0, 0) lies on the axis of a ring of mass

M and radius R. The ring is located in y-z plane
with its centre at origin O. A small particle of mass
m starts from P and reaches O under gravitational
attraction only. Its speed at O will be

GM Gm
W\ ® ® &
GM Gm
© \Zr T

A point particle is held on the axis of a ring of mass
m and radius r at a distance r from its center C.
When released, it reaches C under the gravitational
attraction of the ring. Its speed at C will be

(= ® (2 (2-1)

2Gm 1 Gm

o 25 o &

Aparticle of mass m is placed on the centre of a fixed
uniform semi-circular ring of radius R and mass M
as shown. Then work required to displace the particle
slowly from centre of ring to infinity is (Assume only
gravitational interaction of ring and particle)
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121.

122,

MULTIPLE CORRECT CHOICE TYPE QUESTIONS

GMm

R

GMm
R

Consider an infinite plane sheet of mass with surface
mass density 0. The gravitational field intensity at
a point P at perpendicular distance r from such a
sheet is

(A) zero
(C) -2moG

(B) -oG

(D) —4rnoG

In PROBLEM 121, the gravitational potential at the
point P is
(A) zero
(C) -2moGr

(B) -oGr
(D) -4roGr

123.

124,

Two identical spherical masses are kept at some dis-
tance as shown. The potential energy when a mass
m is taken from the surface of one sphere to the other

(A) increases continuously
(B) decreases continuously
(C) firstincreases then decreases
(D) first decreases then increases

The radius and mass of earth are increased by 0.5%.
Which of the following statements are true at the
surface of the earth?
a) g will decrease

(
(b) Escape velocity will remain unchanged
(c) Potential energy will remain unchanged
(A) (a) only (B) both (a) and (b)
(C) (a), (b) and (c) (D) both (b) and (c)

This section contains Multiple Correct Choice Type Questions. Each question has four choices (A), (B), (C) and (D), out of
which ONE OR MORE is/are correct.

1.

An object is revolving around the earth of radius R,

at height h from earth’s surface. Select the correct

statement(s).

(A) Its time period is independent of 7 .

(B) Its time period depends on .

(C) Orbital velocity of an object depends on /1 .

(D) If h R, then the time period of this object
revolving around the earth is 24 hrs.

If, at the surface of earth, the potential energy of a
particle is U and potential is V', then the change
in potential energy and the change in potential at a
height =R are AU and AV, then

u
A) AU=-—
() AU=-

4 %
D) av=-2

u

Ashell of mass m,, radius , lies inside and is concen-
tric with a larger uniform shell of mass m;, radius r. If
E, is the gravitational field at point P at distance r
from the common centre then,

m1+m2
(A) Ep =G( .

) forr>n&r>n

(B) EP=G% for r<mn and r>n,

(C) E,=0forr<r,
(D) Ep#0 for r<r,

In PROBLEM 3, if V; is the gravitational potential at
the point P then,

(A) Vp= G(

(B) Vp=0 for r<mn

iy +m
HJ forr>n and r>1,
;

©) Vp=—G(ﬂ+ﬁJ for r<n and r>mn,
oo

D) V,= —G(ﬂ+&J for r<r,
hon

A satellite is to be stationed in an orbit such that it can
be used for relay purposes (such a satellite is called a
Geostationary satellite). The condition(s) to be fulfilled
by such a satellite is/are
(A) Its orbit must lie in equatorial plane
(B) Its sense of revolution must be from west to east
(C) Its orbital radius must be 42400 km
(D) Its orbit must not be elliptical and should be

circular

Two concentric spherical shells are as shown in figure.
The magnitude of gravitational potential (V) and field
strength (E) vary with distance (r) from centre as
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(A) v (B) v
(D) E
™~
B N

A body is imparted a velocity v from the surface of

the earth. If v, is orbital velocity and v, be the escape

velocity then for

(A) v=v,, the body follows a circular track around
the earth.

(B) v>9, but <v,, the body follows elliptical path
around the earth.

(C) v<w,, the body follows elliptical path and
returns to surface of earth.

(D) v>v,, the body follows hyperbolic path and
escapes the gravitational pull of the earth.

A tunnel is dug along a chord of the earth at a perpen-
R
dicular distance E from the earth’s centre. The wall of

the tunnel may be assumed to be frictionless. A parti-
cleis released from one end of the tunnel. The force N

exerted by the particle on the wall and the acceleration
a of the particle varies with x (distance of the particle
from the centre) according to

(A) N

(B) N

The gravitational potential on the surface of a planet of
radius R mass M is

10.

11.

12.

13.

14.

15.
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@A) g ® £
-GM
(©) = (D) -gR

Let V and E be the gravitational potential and gravi-

tational field. Then select the correct alternative(s)

(A) the plot of V' vs r is continuous for a spherical
shell

(B) the plot of E vs r (distance from centre) is
discontinuous for a spherical shell

(C) theplotof V vs r is continuous for a solid sphere

(D) the plot of E vs r is discontinuous for a solid
sphere

Total energy of planet of mass n moving around the
sun of mass M, along an elliptical orbit depends on
(A) Mass of the sun

(B) Mass of the planet

(C) Semi major axis

(D) Independent of mass of the sun

A planet is revolving round the sun. Its distance from
the sun at Apogee is r, and that at Perigee is r,. The
mass of planet and sunis m and M respectively, v,
and v, is the velocity of planet at Apogee and Perigee
respectively and T is the time period of revolution of
planet round the sun.

2

T
(A) T*= @(m +1p )3

2
(B) T =—-
2GM

(ra+7p )3
(©) vprg=1prp
D) vy<vp; 1>

Two tunnels are dug from one side of the earth’s sur-
face to the other side, one along a diameter and the
other along a chord. Now two particles are dropped
from one end of each of the tunnels. Both the particles
oscillate simple harmonically along the tunnels. Let T;
and T, be the time periods and v; and v, be the max-
imum speed of the particles in the two tunnels. Then

(A) T,>T, B) T=T,
©€) v=1v D) v>v,

In some region, the gravitational field is zero. The
gravitational potential in this region

(A) may be zero (B) cannot be zero

(C) must be constant (D) may be variable

A planet is revolving round the sun in an elliptical
orbit. The work done on the planet by the gravitational
force of sun is zero



ICON

4.72 )EE Advanced Physics: Mechanics - |1

16.

17.

18.

19.

20.

(A) insome parts of the orbit

(B) in any part of the orbit

(C) inno part of the orbit

(D) in one complete revolution

Apoint P islyingat a distance r(<a) from the centre
of shell of radius a.If E and V be the gravitational
field and potential at the point P then,

(B) E= _GM

?‘2

M
a

(A) E=0

(€ V=0 (D) V=

Select the correct statement(s).

(A) Acceleration due to gravity increases with
increasing altitude.

(B) Acceleration due to gravity decreases with
increasing depth (assume the earth to be a sphere
of uniform density)

(C) Acceleration due to gravity is independent of
mass of the body

(D) The formula —GMm(l—l] is more accurate

oh
than the formula mg (r, —n ) for the difference
of potential energy between two points r, and r,
distance away from the centre of earth

Two objects of masses n and 4m are at rest at an infi-
nite separation. They move towards each other under
mutual gravitational attraction. If G is the universal
gravitational constant. Then, at separation r

(A) the total energy of the two objects is zero

0Gm .
in

(B) their relative velocity of approach is
magnitude
4Gn*

(C) the total kinetic energy of the objects is

(D) net angular momentum of both the particles is
zero about any point

Which of the following statement(s) is /are correct

(A) An astronaut going from Earth to Moon will
experience weightlessness once

(B) When a thin uniform spherical shell gradually
shrinks maintaining its shape, the gravitational
potential at the centre decreases

(C) In the case of spherical shell, the plot of potential
versus distance from centre is continuous

(D) In the case of spherical shell, the plot of gravita-
tional field intensity I versus distance from cen-
tre is continuous

Two identical satellites are orbiting at distances R and
7R from the surface of the earth, R being the radius
of the earth. The ratio of their

21.

22.

23.

24,

25.

A) kinetic energies is 4
B) potential energies is 4
C) total energies is 4

D) total energiesis 1

— — — —

In circular orbit of a satellite of mass m, revolving
around a planet of mass M in an orbit of radius r
and having the period of revolution T, we have

(A) orbital speed equals oM
\[ p

(B) T? et
(C) kinetic energy equals CMm

(D) potential energy equals ,G];Iim
¥

Which (one or more) of the following quantities remain
constant during planetary motion in an elliptic orbit?
(A) angular speed

(B) areal speed

(C) angular momentum

(D) energy

A planet of mass m is revolving round the sun (of
mass M) in an elliptical orbit. If @ is the velocity of
the planet when its position vector from the sun is 7
and the planet rotates in counter clockwise direction,
then areal velocity has a direction

(A) given by “Right Hand Thumb Rule”.

(B) given by “Left Hand Thumb Rule”.

(C) normal to the plane of orbit upwards.

(D) normal to the plane of orbit downwards.

For a solid sphere, the magnitude of

(A) gravitational potential is maximum at centre
(B) gravitational potential is minimum at centre
(C) field strength is maximum at centre

(D) field strength is minimum at centre

Two concentric spherical shells have masses m; and
m, and radii r, and r,. Select the correct statement(s).

(A) Outer shell will have no contribution in gravita-
tional field at point P

(B) Forceon P is directed towards O

Grytity

(C) Forceon P is
’
Gy,

2
r

(D) Forceon P is
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26.

27.

28.

29.

30.

31.

32.

For a satellite revolving in a circular orbit, let v, be the
orbital speed, T be the time period of revolution, U
be its potential energy and K the kinetic energy. Now
if the value of G is decreased, then

(A) vy will decrease (B) T will decrease

(C) U will decrease (D) K will decrease

A double star in a system of two stars of masses m
and 2m, rotating about their centre of mass only
under their mutual gravitational attraction. If r is
the separation between these two stars then their time
period of rotation about their centre of mass will be

proportional to
3

(A) r? ®) r
1

1
(C) m? D) m?

The acceleration due to earth’s gravity decreases if

(A) we go down from the surface of the earth towards
its centre

(B) we go up from the surface of the earth

(C) we go from the equator towards of the poles

(D) the rotational speed of the earth is increased

For a planet revolving round the sun in an elliptical
orbit, the

(A) potential energy is constant

(B) kinetic energy is constant

(C) total mechanical energy is constant

(D) angular momentum about centre of sun is constant

A particle of mass m is moved from the surface of
the earth to a height h. The work done by an external
agency to do this is

(A) mghforh R (B) mgh forall h

(O —%nzgR forh=R (D) %ng for h=R

A satellite is orbiting round the earth’s surface in an

orbit as close as possible to the surface of the earth. Then

(A) The time period of revolution of satellite is inde-
pendent of its mass and is minimum

(B) The orbital speed of satellite is maximum

(C) The total energy of the “earth plus satellite”
system is minimum

(D) The total energy of the “earth plus satellite”
system is maximum

A student uses a simple pendulum of exactly 1m
length to determine ¢, the acceleration due to gravity.
He uses a stop watch with the least count of 1s
for this and records 40 s for 20 oscillations. For this
observation, which of the following statement(s) is
(are) true?

33.

34.

35.

36.
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(A) Error AT in measuring T, the time period, is
0.05s

(B) Error AT in measuring T, the time period, is 1s

(C) Percentage error in the determination of ¢ is 5%

(D) Percentage error in the determination of ¢ is
2.5%

Three point masses each of mass m are at the corners
of an equilateral triangle of side I. The system rotates
about the centre of the triangle with the separation of
masses not changing during rotation. If T is the time
period of rotation then,

3 1

(A) T2 (B) Tol2
1 1
(C) Tem? (D) Tom 2

Three masses each of mass m are kept at corner of
an equilateral triangle and are revolving under the
effect of mutual gravitational force. Select the correct
statement(s). .
(A) Radius of circular path followed by mass is 2

(B) Velocity of mass is 1f@
a
2

(C) Binding energy of system is 3Cm

2a
7ra3
(D) Time period of massis ,|——
2Gm

Figure shows the variation of energy with the orbit
radius r of a satellite in a circular motion. Select the
incorrect statement(s).

F 3

Energy

(A) C shows the total energy, B the kinetic energy
and A the potential energy of the satellite

(B) A shows the kinetic energy, B the total energy
and C the potential energy of the satellite

(C) A and B are the kinetic and potential energies
and C the total energy of the satellite

(D) C and A are the kinetic and potential energies
respectively and B the total energy of the satellite

The potential at the surface of a planet of mass M and
radius R is assumed to be zero. Choose the most
appropriate option
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37.

(A) The potential at infinity is zero
: . 3GM
(B) The potential at the centre of the planet is TR

(C) The potential at infinity is GTM
(D) The potential at the centre of planet is ,%‘f

A body of mass m is projected vertically upwards
with velocity v from earth’s surface and attains height
h.1f v, is the escape velocity from the surface of earth
then for

(A) v=v, the body reaches infinity.

(B) small v, maximum height h attained by the

v
body is —.
oylszg

REASONING BASED QUESTIONS

38.

(C) h=R, the projection kinetic energy is %ﬂ :

(D) h= % , total energy is negative.

A double star consists of two stars having masses
and 2m separated by a distance r. Which of the fol-
lowing statement(s) is/are incorrect?

2
(A) Radius of circular path of star of mass 2m is ?T

(B) Kinetic energy of 2m mass star is double that of
lighter star

(C) Time period of revolution of both are not same

(D) Angular momentum of lighter star is more

This section contains Reasoning type questions, each having four choices (A), (B), (C) and (D) out of which ONLY ONE is
correct. Each question contains STATEMENT 1 and STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT 2 is the correct explanation of STATEMENT 1.
Bubble (B) If both statements are TRUE but STATEMENT 2 is not the correct explanation of STATEMENT 1.
Bubble (C) If STATEMENT 1 is TRUE and STATEMENT 2 is FALSE.

Bubble (D) If STATEMENT 1 is FALSE but STATEMENT 2 is TRUE.

1.

Statement-1: Kepler’s Second Law can be understood
by conservation of angular momentum principle.
Statement-2: Kepler’s Second Law is related with
areal velocity, which can further be proved to be based

. dA 1,
on conservation of angular momentum as 3 o)
Statement-1: For the planets orbiting around the sun,
angular speed, linear speed, kinetic energy changes
with time, but angular momentum remains constant.
Statement-2: No torque is acting on the rotating planet,
so its angular momentum is constant.

Statement-1: Escape velocity is independent of the
angle of projection.

Statement-2: Escape velocity from the surface of earth
is \/2¢R , where R is radius of earth.

Statement-1: A spherically symmetric shell produces
no gravitational field anywhere.

Statement-2: The field due to various mass elements
cancels out, everywhere inside the shell.

Statement-1: Gravitational potential is zero inside a
shell.

Statement-2: Gravitational potential is equal to the
work done in bringing a unit mass from infinity to a
point inside gravitational field.

6.

10.

Statement-1: Rate of change of weight near the earth’s
surface with height / is independent of /.
Statement-2: Since gravitational potential is given by
=M

r
Statement-1: The magnitude of gravitational potential
at the surface of solid sphere is less than that of the
centre of sphere.
Statement-2: Due to solid sphere, gravitational poten-
tial is same within the sphere.

Statement-1: For a satellite revolving very near to
earth’s surface the time period of revolution is given
by 1 hour 24 minutes.

Statement-2: The period of revolution of a satellite
depends only upon its height above the earth’s surface.

Statement-1: Work done in gravitational field in cyclic
process is zero.

Statement-2: Work done in conservative field does not
depend upon path.

Statement-1: The value of acceleration due to gravity
does not depend upon mass of the body.

Statement-2: Acceleration due to gravity is a constant
quantity.



ICON

LINKED COMPREHENSION TYPE QUESTIONS

Chapter 4: Gravitation and Satellites 4.75

This section contains Linked Comprehension Type Questions or Paragraph based Questions. Each set consists of a Paragraph
followed by questions. Each question has four choices (A), (B), (C) and (D), out of which only one is correct. (For the sake of
competitiveness there may be a few questions that may have more than one correct options)

Comprehension |

The mean radius of the earth’s orbit around the sun is
1.5%x10" m and that of the orbit of mercury is 6x 10" m.
Based on above information, answer the following
questions.

1. The mercury will revolve around the sun in nearly

(A) \E year (B)
\2 32
© [ % J year (D) ( % ) year

2. The ratio of the orbital velocity of mercury to that of
the earth is

z ear
57

5 2
™ ®
© 210 D) %Jl_o

Comprehension 2

The radius of the earth is R and acceleration due to gravity
at its surface is ¢. A body of mass m is sent to a height of

R . .
n from the earth’s surface. Based on above information,

answer the following questions.

3. The potential energy increases by

mgR mgR
(A) == B =
mgR mgR
€ = ®) =

4. The minimum speed with which the body must be
thrown from the surface of the earth so as to reach the
specified height is

(A) J-gR (B) R
© ZsR ) ggR

Comprehension 3

Two satellites S; and S, revolve round a planet in copla-
nar circular orbits in the same sense. Their periods of revo-
lution are 1 hour and 8 hour, respectively. The radius of the
orbit of S, is 10* km. Based on above information, answer
the following questions.

5. The speed of S, relative to S;, when they are closest,
in kmh™, is

(A) 10*r (B) 2x10%r
(@) %xlo‘*;r (D) 4x10*x

6. The angular speed of S, as observed by an astronaut

is 5, is
T T
(A) 5 (B) N
T T
©) 1 (D) 3

Comprehension 4

A particle of mass m is located at a distance » from the
centre of a shell/sphere of mass M and radius R. The fol-
lowing plots (I), (I), (III) and (IV) show the variation of
force F(r) between the shell and mass or alternatively the

variation of force between the sphere and the mass. Based
on above information, answer the following questions.

(v) F@

0 R

7. The appropriate variation of the force between the
shell and the point mass is represented by
(A) I (B) I
(C) I (D) IV

8. The appropriate variation of the force between the
sphere and the point mass is represented by
A) I (B) I
(C) I (D) IV

Comprehension 5

An artificial satellite is moving in a circular orbit around the
earth with a speed equal to half the escape speed from the
surface of earth. Now the satellite is stopped suddenly in
its orbit and allowed to fall freely onto the earth. Assuming
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the radius of the earth to be R, the acceleration due to grav-
ity on earth’s surface to be ¢. Based on above information,
answer the following questions.

9. The height of the satellite above the surface of the

earth must be

R 2R
(A) > (B) 3
(C) R (D) 2R

10. The speed with which it hits the surface of the earth is

(&) JRg (B) \2Rg

R
© 2 o 1%

Comprehension é

A smooth tunnel is dug across a diameter of earth and a
particle is released from the surface of earth, the particle
oscillates simple harmonically along it. Based on above
information, answer the following questions.

11.  Time period of the particle is equal to

R’ R
(A) ZTI\/G:M (B) 2n ‘j;
(C) 84.6 min (D) 24 hr

12. Maximum speed attained by the particle is

2GM GM
(A) ,/T ® =z
3GM GM
© R Ty

Comprehension 7
A particle of mass m is placed at a distance x from the
centre of ring along the line through the centre of the ring

and perpendicular to its plane.

M

Based on above information, answer the following questions.

13. Gravitational potential energy of this system

(A) - G;’\d[m2 B) GMm
a‘+x a

(©) GMm (D) None of these
X

ae
14. The force, when x=0 is
GMm GMmx
(A) (B)
S Vat +x*
© 7(;me3;2 (D) zero
(a?+x2)"
15. When given a small displacement x a from the

centre of the ring, the particle of mass m will
(A) move away from the centre

(B) perform oscillations about the centre of ring
(C) move to infinity and never return

(D) None of these

Comprehension 8

A satellite of mass 5000 kg is projected in space with an
initial speed of 4000 ms™ making an angle of 30° with the

radial direction from a distance 3.6 x10’ m away from the
centre of the earth.

16. The angular momentum of satellite
(A) 3.6x107 Js (B) 4.9x107 Js
(C) 92x107 Js (D) 3.6x10"Js
17. The energy of satellite is
(A) 1.6x10 joule
(C) 02x107 joule

(B) 4.9x10 joule
(D) -15x10" joule

18. The semi-major axis of the orbit of satellite
(A) 6.6x10" m (B) 14.9x10" m
() 192x10" m (D) 16x10*m
19. Semi-minor axis of the orbit of satellite
(A) 16.6x10° m (B) 3.92x10" m
(€©) 102x10" m (D) 26x10" m
20. The minimum distance of satellite from earth
(A) 66.6x10" m (B) 149x10" m
(C) 129x10" m (D) 1.6x10* m
21. The maximum distance of satellite from earth.
(A) 6.6x10° m (B) 249x10" m
(C) 11.9%x10" m (D) 1.6x10*m

Comprehension 9

A solid sphere having uniform density and radius R exerts
a gravitational force of attraction F, on a particle placed at
P. The distance of P from the centre of the sphere is 2R.

A spherical cavity of radius % is now made in the sphere.

The sphere (with cavity) exerts a gravitational force F, on
the same particle at P.
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Based on the above facts, answer the following questions.

22, K is
GMm GMm
A B
(A) 2 (B) R
GMm GMm
C D
©) T (D) e
23. L is
7 GMm 7 GMm
Ay —— B) ——
&) 13 R? ®) 16 R
7 GMm 7 GMm
) — D) —
© 32 R? ©) 36 R?
. Ko
24. Theratio — is
I3
9 7
A) = B) ~
® - ®
1 4
C) - D) —
© > (D) 3

Comprehension 10

A binary star system consists of two stars of masses
and 2m . The separation between their centres is [. They
revolve two about a point under their mutual gravitational
interaction force. Based on the above facts, answer the fol-
lowing questions.

25. The system revolves about

(A) the centre (B) the centre of mass

(C) both (D) None of these
26. Heavier star revolves in an orbit of radius

[
A) | B) -
(A) ® 5
[ [
Q) - D) -
© 3 ©)

27. The system revolves with angular velocity @ (about
an axis specified above) given by

(A) \/% ®) zf—sm

Chapter 4: Gravitation and Satellites 4.77

28. If K; be the kinetic energy of light body and Kj;
kinetic energy of heavy body then

mlw’ 2mlPPw?
(A) Kp+Ky= (B) Kp+Ky=

e’ P’
© K+Ky=""= (D) Ktk ="

Comprehension 11

A solid sphere of mass M and radius R is surrounded by
aspherical shell of same mass M and radius 2R as shown.
A small particle of mass m is released from rest from a

height h( R) above the shell. There is a hole in the shell.

m

h

'

A

B

2R

Based on above information, answer the following
questions.

29. The time taken by the particle just to enter the hole at

A is
VhR? 2hR?
(A) 2 B) =~
GM GM
2
(@) giM (D) None of these
30. The time taken by the particle to move from A to B is
R? R?
= B) >—
4) VGMh ® GMh
R2

(D) None of these

31. The approximate speed with which the particle hits B
is

2CM

GM
R ® %

3GM GM
© R D) J%
Comprehension 12

The minimum and maximum distances of a satellite
from the centre of the earth are 2R and 4R, respectively,
where R is the radius of earth and M is the mass of the
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earth. Based on above information, answer the followin: - . ) -
estions & Radius | Gravitational | Orbital | Orbital
1 ' Acceleration | Radius | Period
32. The minimum speed of the satellite is at the
o) oM o GM Surface
\ 9R 5R Moon I 5%107 m
GM GM
© Ver O 3x Moon 1 : 5
6 3 9%10° m [ 3x10° s
33. The maximum speed of the satellite is
" AGM o M MoonIIT 5, 105 |  0.20 ms™ 2x10° s
2R 3R
C 2GM D 5GM Based on above information, answer the following
© R (D) 2R questions.
34. Radius of curvature at the point of minimum distance ~ 35. In table, the mass of the planet is closest to
is (A) 12x10% kg (B) 1.7x10* kg
) % (B) % (©) 24x10* kg (D) 48x10% kg
4R 7R 36. Intable, the mass of Moon III is closest to
@ = @ = (A) 24x10" kg (B) 48x10" kg
1.2x10 D) 24x10
C 20 kg 20 kg

Comprehension 13

An Earth station receives data transmitted back in time 37
from a future intergalactic expedition. The table summa-

rizes the data for the moons of a planet what will be discov-

ered in a distance galaxy.

In table, the centripetal acceleration of Moon II due to
orbital motion is closest to

(A) 0.02ms” (B) 0.04ms”
(C) 0.06 ms™ (D) 0.08 ms™

MATRIX MATCH/COLUMN MATCH TYPE QUESTIONS

Each question in this section contains statements given in two columns, which have to be matched. The statements in
COLUMN-I are labelled A, B, C and D, while the statements in COLUMN-II are labelled p, g, 1, s (and t). Any given
statement in COLUMN-I can have correct matching with ONE OR MORE statement(s) in COLUMN-IIL The appropriate
bubbles corresponding to the answers to these questions have to be darkened as illustrated in the following examples:

If the correct matches are A — p,sand t; B— qand r; C — p and g; and D — s and t; then the correct darkening of

bubbles will look like the following:

@EEET
©OO@@|e
QOeO|-
@@@@®@|«
ClOICIC]

OO w>

1. Match the gravitational field and potential
in COLUMN-I to the respective quantities in
COLUMN-IL

COLUMN-I COLUMN-II

(A) E,=0 (p) Inside a spherical shell

(B) E;#0 (q) At centre of a solid sphere

(Continued)

COLUMN-I COLUMN-II

(C) V=0 (r) Inside the solid sphere
(excluding centre)

(D) V20 (s) At centre of a circular ring

(t) None of these
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3.

4.

Density of a planet is two times the density of earth
and radius of this planet is half the radius of earth.

ICON

Match, the following. (As compared to earth).

COLUMN-I COLUMN-II

(A) Gravitational strength at the (p) Half
surface of this planet

(B) Gravitational potential on the |(q) Same

surface

(C) Gravitational potential at
centre

(D) Gravitational strength at

(r) Two times

(s) Four times

centre

In elliptical orbit of a planet, as the planet moves from
aphelion position to perihelion position, match the fol-

lowing table:

COLUMN-I

COLUMN-II

(A) distance of planet from
centre of sun

(B) speed of planet

(C) potential energy

(D) angular momentum about

centre of sun

(E) change in mechanical
energy

(p) remains same

(q) decreases
(r) increases

(s) zero

Match the following

COLUMN-I

COLUMN-II

(A) Time period of a body
orbiting the planet in
circular orbit

(B) Orbital velocity of
body

(C) Mechanical energy of
body

(D) Escape velocity of a
body from surface of

planet

(p) Independent of
mass of body

(q) Dependent of
radius of orbit

(r) Dependent of mass
of planet

(s) Constant in an
orbit

5.
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If the angular speed of rotation of earth about its own
axis decreases, then match the following

COLUMN-I

COLUMN-II

(A) Value of g at pole
(B) Value of g at equator

(C) Distance of geostationary
satellite

(D) Energy of geostationary

(p) remains same
(q) increases

(r) decreases

(s) None of these

satellite
Match the following
COLUMN-I COLUMN-II
(A) Gravitational force | (p) Law of Conservation
of Angular
Momentum
(B) Kepler’s First Law (@ T?e 32

(C) Kepler’s Second
Law

(D) Kepler’s Third Law

(r) Inverse square law

(s) Orbit of planet is
elliptical

(t) Conservative

On the surface of earth the gravitational field is E and
gravitational potential is V. Match the following

COLUMN-I

COLUMN-II

(A) Atheighth=R,
value of E

(B) Atdepth d= %,
value of E
(C) Atheighth =R,

value of V

(D) Atdepth d= %,

value of V

(p) decreases by a factor %

(q) decreases by a factor %

11
(r) increases by a factor 5

(s) increases by a factor 2

(t) decreases by a factor %
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8. Consider A planet of mass M and radius R and a
satellite is launched with velocity V' from its surface.
Match the following

COLUMN-I COLUMN-II
2G (p) Ellipse
(A) V> 2eM P
R
(q) Hyperbola
(B) V= 2GM Q Hyp
R
(r) Circle
© v< XM
R
(s) Parabola
(D) V= GM
R
9. If the velocity of launch (v), escape velocity (v, ) and

orbital velocity v, arerelated as shownin COLUMN-I,
then match them with the corresponding quantities of
COLUMN-IL

COLUMN-I COLUMN-II

(A) When v<y, (p) The path of satellite

is hyperbolic

(q) The satellite will

(B) When v=10, =20,
strike the earth

10.

11.

Let a satellite of mass m is revolving in a circular orbit
of radius r around a planet of mass M such that sys-
temis bound. If E, U, K and B denotes total energy,
potential energy, kinetic energy and binding energy
respectively then match the following

COLUMN-I COLUMN-II
(A) E ®) +GMm
2r
(B) u @ +GMm
©) K (-G
(D) B s) _GMm
2r

Match the following for a planet revolving around sun
in an elliptical orbit of semi-major axis 2 and semi-
minor axis b .

COLUMN-I COLUMN-II

(A) T et? (p) Kepler’s First Law

(B) Areal velocity is
constant

(q) Kepler's Second Law

(C) Orbital of planet is

(r) Kepler’s Third Law

(C) When v>0,

(D) v,>v>7

(r) The orbit of satellite
is elliptical

(s) The path of satellite is
parabolic

elliptical

2mwmab (s) None of these

(D) = constant

INTEGER/NUMERICAL ANSWER TYPE QUESTIONS

In this section, the answer to each question is a numerical value obtained after doing series of calculations based on the data

given in the question(s).

1.

Calculate the ratio of the orbital radius of a communi-
cation satellite to the radius of earth so that it can cover
75% of the surface area of earth during its revolution.
Take (2.65) =7 .

Calculate the work done, in newton, by the gravi-
tational field when a particle is moved along the
line 3y+2x=5 in the region of gravitational field

Eg =(2§+3}] Nkg™, from (L, 1)m to (-2, 3)m.
A circular ring of mass M and radius R is placed

in YZ plane with centre at origin. A particle of
mass m is released from rest at a point x=2R. The

speed with which it will crosses the centre of ring is

1
- 2
v:{x(l—l]G—M}L _Find Z-.
y) R xz
A particle is fired vertically upward with a speed of
15kms . Find the speed of the particle in kms™,
when it goes out of the earth’s gravitational pull.

A particle is projected from point A (which lies at a
distance 4R from the centre of the Earth), with a
speed v, ina direction making 30° with the line join-
ing the centre of the Earth and point A, as shown.
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Calculate the speed v, of particle, in ms™, if particle
passes grazing the surface of the earth. Consider that
only the gravitational interaction between these two
exists.

Given that GTM =64x10" m%>

A ring of radius R=4m made of a highly dense
material has a mass m; =54x10" kg distributed
uniformly over its circumference. A highly dense par-
ticle of mass m, =6x10° kg is placed on the axis of
the ring at a distance x, =3 m from the centre of the
ring. Neglecting all other forces, except mutual gravi-
tational interaction of the two, calculate

(a) displacement of the ring, in cm, when particle is

at the centre of ring and
(b) speed of the particle, in cms™, at that instant.

Two particles each of mass M are fixed at positions
M

(0, a)and (0, —a). Another particle of mass 5 is

thrown from origin along +z axis so that it is just able

to reach a point (O, 0, 2x/§a). The speed with which

the particle was projected from the origin is calculated

“GM(1—i] _Find ¢ and B.
JB

A projectile of mass m is fired form the surface of the

earth at an angle o =60° from the vertical. The initial

as v=
a

speed of the projectile is v, = /GTM ,where M and R
are mass and radius of earth. The projectile rises to a

height %, where # is not readable. Find *. Neglect

air resistance and the earth’s rotation.

10.

11.

12.

13.
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If a satellite is revolving around the earth in a circular
orbit in a plane containing earth’s axis of rotation. If
the angular speed of satellite is equal to that of earth,
calculate the time (in hour) taken by it to move from a
point above north pole to a point above the equator.

A smooth tunnel is dug along the radius of earth that
ends at centre. A ball is released from the surface of
earth along tunnel. Coefficient of restitution for col-
lision between the centre of the earth and ball is 0.5.
Calculate the distance travelled by ball just before sec-
ond collision at centre is xR. Given mass of the earth is
M and radius of the earthis R, find x .

If the distance between the centres of Earth and Moon
is D and mass of Earth is 81 times that of Moon. The
distance from the centre of earth where the gravita-

tional field will be zero is Q, then calculate the value
of (y-x). y

If a planet was suddenly stopped in its orbit supposed
to be circular, show that it would fall onto the sun in a

. 1. . , :
time T times the period of the planet’s revolution.
2,\’

Find x.

A large spherical mass M is fixed at one position and
two identical masses m are kept on a line passing
through the centre of M as shown in figure.

The point masses are connected by a rigid massless rod
of length | and this assembly is free to move along the
line connecting them. All three masses interact only
through their mutual gravitational interaction. When
the point mass nearer to M is at a distance r=3I

from M the tension in the rod is zero for m = k( M ]
Find the value of k. 288
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14.

15.

16.

17.

18.

Gravitational acceleration on the surface of a planet is

V12

ETS g, where g is the gravitational acceleration on the
surface of the earth. The average mass density of the
planet is % times that of the earth. If the escape speed

on the surface of the earth is taken to be 11 kms~, find
the escape speed on the surface of the planet in kms™.

A small point mass m 1is to be thrown with such a
speed at a distance x from the axis of a long cylinder
of radius R and density p, so that m starts revolving
around the cylinder in a circular orbit of radius x with
centre at the axis of cylinder. The speed with which

1
point mass is thrown is found to be v=R(*Gpr )+,
where * is not readable. Calculate *.

A binary star consists of two stars A (mass 2.2M;)
and B (mass 11M), where M is the same mass of
the sun. They are separated by distance 4 and are
rotating about their centre of mass, which is stationary.
Find the ratio of the total angular momentum of the
binary star to the angular momentum of star B about
the centre of mass.

An artificial satellite is describing an equatorial orbit at
1600 km above the surface of the earth. Calculate its
orbital speed, in ms™ and the period of revolution, in
seconds.

If the satellite is travelling in the same direction as
the rotation of the earth (i.e., from west to east), cal-
culate the interval (in seconds) between two succes-
sive times at which it will appear vertically overhead
to an observer at a fixed point on the equator. Radius
of earth is 6400 km and g=7’ms™ at the surface of
earth.

Inside a fixed sphere of radius R and uniform den-

sity p, there is spherical cavity of radius % such that

surface of the cavity passes through the centre of the
sphere as shown in figure. A particle of mass m is
released from rest at centre B of the cavity. The velocity
with which particle strikes the centre A of the sphere
is . Neglect earth’s gravity. Initially sphere and par-

ticle are at rest. If the escape speed of the particle from
2

surface of the outer bigger sphere is v,. Then find —-.
v

19.

20.

21.

A bullet is fired vertically upwards with velocity
v from the surface of a spherical planet. When it
reaches its maximum height, its acceleration due to

the planet’s gravity is %th of its value at the surface

of the planet. If the escape velocity from the planet is

Uue = VN, then the value of N is (ignore energy loss
due to atmosphere)

A sphere of radius R has its centre at the origin. It has
uniform mass density p, except that there is a spheri-

1 1
cal hole of radius r = ER whose centre is at x = ER' as
shown in figure. The gravitational field at x=2R is

a .
( 7120 ]JerﬂR. Find 4.

A spaceship approaches the moon (of mass M and
radius R) along a parabolic path which is almost
tangential to its surface. At the moment of maximum
approach, the brake rocket is fired to convert the space-
ship into a satellite of the moon. The change in speed is

found to be (\./;—1) GTM.Find X.
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[Online September 2020]

The mass density of a spherical galaxy varies as —
p

over a large distance r from its center. In that region,

a small star is in a circular orbit of radius R. Then the

period of revolution, T depends on R as

(A) T=<R (B) sz%
(C) T*«<R (D) T?=R®

[Online September 2020]

The height /i at which the weight of a body will be the
same as that at the same depth 1 from the surface of
the earth is (Radius of the earth is R and effect of the
rotation of the earth is neglected)

(a) YRR ® Lr-R
2 2
R V3R-R
© o) =

[Online September 2020]

A satellite is moving in a low nearly circular orbit
around the earth. Its radius is roughly equal to that of
the earth’s radius R,. By firing rockets attached to it,
its speed is instantaneously increased in the direction

. . . 3.
of its motion so that is become \E times larger. Due to

this, the farthest distance from the center of the earth
that the satellite reaches is R, value of R is

(A) 4R, (B) 3R,
(©) 2R, (D) 25R,

[Online September 2020]
The mass density of a planet of radius R varies with

2
. . r
the distance r from its center as p(r)=p, 1_F]'
Then the gravitational field is maximum at

(A) r=%R (B) r:JgR
Q) r= %R (D) r=R

[Online September 2020]
On the x-axis and a distance x from the origin, the

gravitational field due to a mass distribution is given

Ax
by ——5
32
(x2 +a )
gravitational potential on the x-axis at a distance x.

Taking its value to be zero at infinity, is

in the x-direction. The magnitude of

A A
12 (B) 32
(x*+4?) (x2+4)

© Alx+a2)”

[Online September 2020]

Abody is moving in a low circular orbit about a planet
of mass M and radius R. The radius of the orbit can be
taken to be R itself. Then the ratio of the speed of this
body in the orbit to the escape velocity from the planet is
(A) 1 (B) 2

©) % D) 2

[Online September 2020]
The value of the acceleration due to gravity is g; at a

(A)

(D) A (22 +4? )1‘;2

height hh = % (R =radius of the earth) from the surface
of the earth. It is again equal to g, at a depth d below

the surface of the earth. The ratio (% J equals

(A) (B)

Wl o~
O Ul O

© (D)
[Online September 2020]

The acceleration due to gravity on the earth’s surface
at the poles is ¢ and angular velocity of the earth about
the axis passing through the pole is @. An object is
weighed at the equator and at a height /1 above the
poles by using a spring balance. If the weights are
found to be same, then h is: (i R, where R is the
radius of the earth)

RZ(DZ RZ 2
(A) (B) —
8g 4¢g
Rw* R’
©) (D)
4 2g

[Online September 2020]

A satellite is in an elliptical orbit around a planet P.
It is observed that the velocity of the satellite when
it is farthest from the planet is 6 times less than that
when it is closest to the planet. The ratio of distances
between the satellite and the planet at closest and
farthest points is

(A) 1:6 (B) 3:4

€ 1:3 (D) 1:2
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10.

11.

12.

13.

[Online September 2020]

Two planets have masses M and 16M and their radii
are a and 2a, respectively. The separation between
the centers of the planets is 10a. A body of mass m is
fired from the surface of the larger planet towards the
smaller planet along the line joining their centers. For
the body to be able to reach at the surface of smaller
planet, the minimum firing speed needed is

GM?

3 [5GM
ma ) 2\ 4
€ 4 cM (D) 2 cM
a a

[Online January 2020]

Abox weighs 196 N on a spring balance at the north
pole. Its weight recorded on the same balance if it is
shifted to the equator is close to (Take g =10 ms ” at
the north pole and the radius of the earth = 6400 km)

(A)

(A) 195.66 N (B) 194.66 N
(C) 19432N (D) 195.32N
[Online January 2020]

Consider two solid spheres of radii R; =1m, R, =2m
and masses M; and M,, respectively. The gravitational
field due to sphere (1) and (2) are shown. The value of
M; .
—1is
2
Gravitational field £

4..
3 2)
T K
1..
b » radius R
0 S radius
1 2
A) = B) =
3 3 ®) 3
1 1
Q) - D) —
(€ 3 (D) 6
[Online January 2020]

A body A of mass m is moving in a circular orbit of

radius R about a planet. Another body B of mass =
collides with A with a velocity which is half (;J the
instantaneous velocity © of A. The collision is com-
pletely inelastic. Then, the combined body

(A) starts moving in an elliptical orbit around the planet.
(B) continues to move in a circular orbit

(C) Falls vertically downwards towards the planet
(D) Escapes from the Planet’s Gravitational field.

14.

15.

16.

17.

18.

[Online January 2020]

Planet A has mass M and radius R. Planet B has half
the mass and half the radius of Planet A. If the escape
velocities from the Planets A and B are v, and vy,

: Uy _ M .
respectively, then — = e The value of  is
Up

(A) 4 (B) 1
©) 2 (D) 3
[Online January 2020]

An asteroid is moving directly towards the center of
the earth. When at a distance of 10R (R is the radius
of the earth) from the earths center, it has a speed of
12 kms . Neglecting the effect of earth’s atmosphere,
what will be the speed of the asteroid when it hits the
surface of the earth (escape velocity from the earth is
112 klms_l)? Give your answer to the nearest integer in
kms™.

[Online April 2019]
Four identical particles of mass M are located at the
corners of a square of side 2. What should be their
speed if each of them revolves under the influence of
others’ gravitational field in a circular orbit circum-
scribing the square?

) 141/M
a

© 121/M
a

[Online April 2019]

A rocket has to be launched from earth in such a way
that it never returns. If E is the minimum energy
delivered by the rocket launcher, what should be the
minimum energy that the launcher should have if the
same rocket is to be launched from the surface of the
moon? Assume that the density of the earth and the
moon are equal and that the earth’s volume is 64 times
the volume of the moon.

E E
A) — B) —
® - ®

E E
C) — D) —
© 16 ©) 32
[Online April 2019]

A solid sphere of mass M and radius # is surrounded
by a uniform concentric spherical shell of thickness 2a
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19.

20.

21.

22,

and mass 2M. The gravitational field at distance 3a
from the centre will be

GCM 2GM
A) — B
(A) o (B) o
GM 2GM
O — D) —
©) 37 (D) 37
[Online April 2019]

A test particle is moving in a circular orbit in the

gravitational field produced by a mass density
K

p(r)=— . Identify the correct relation between the
r

radius R of the particle’s orbit and its period T

T
(A) R is a constant (B) TR isa constant

2

T
(@] 2 is a constant (D) = is a constant

[Online April 2019]

The value of acceleration due to gravity at Earth’s
surface is 9.8 ms™. The altitude above its surface at
which the acceleration due to gravity decreases to
4.9 ms 2, is close to (Radius of earth = 6.4x10° m )
(A) 9.0x10° m (B) 64x10°m

(C) 1.6x10°m (D) 2.6x10°m

[Online April 2019]

Aspaceship orbits around a planet ata height of 20 km
from its surface. Assuming that only gravitational
field of the planet acts on the spaceship, what will
be the number of complete revolutions made by the
spaceship in 24 hours around the planet?

[Given: Mass of planet = 8x10% kg, Radius
of planet =2x10°m,
G=667x10"" Nm’kg™]
(A) 17
G 1

[Online April 2019]
The ratio of the weights of a body on the Earth’s surface

Gravitational constant

(B) 13
D) 9

to that on the surface of a planet is 9:4 . The mass of
the planet is %th of that of the Earth. If R is the radius

of the Earth, what is the radius of the planet? (Take the
planets to have the same mass density)

(A) (B)

O R =
MR W

© D)

23.

24.

25.

26.

27.
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[Online January 2019]

If the angular momentum of a planet of mass m,
moving around the Sun in a circular orbit is L, about
the center of the Sun, its areal velocity is

L 4L
(A) — B) —
m m
L 2L
© — D) —
2m
[Online January 2019]

The energy required to take a satellite to a height &
above Earth surface (radius of Earth = 6.4x10° km ) is
E, and kinetic energy required for the satellite to be in
a circular orbit at this height is E, . The value of i for
which E; and E, are equal, is

(A) 32x10° km (B) 1.6x10° km
(C) 1.28x10* km (D) 64x10° km

[Online January 2019]

A satellite is moving with a constant speed ©v in
circular orbit around the earth. An object of mass m
is ejected from the satellite such that it just escapes
from the gravitational pull of the earth. At the time of
ejection, the kinetic energy of the object is

(A) 2mv* (B) muv*
(@) %mvz (D) g mo*
[Online January 2019]

Two stars of masses 3x 107" kg each, and at distance
2x10" m rotate in a plane about their common
centre of mass O. A meteorite passes through O
moving perpendicular to the star’s rotation plane.
In order to escape from the gravitational field of
this double star, the minimum speed that meteorite
should have at O is: (Take Gravitational constant
G=6.67x10" Nm’kg™)

(A) 2.8x10° ms™ (B) 14x10° ms™

(C) 24x10* ms™ (D) 3.8x10* ms™

[Online January 2019]

A satellite is revolving in a circular orbit at a height /
from the earth surface, suchthat i R where R is the
radius of the earth. Assuming that the effect of earth’s
atmosphere can be neglected the minimum increase
in the speed required so that the satellite could escape
from the gravitational field of earth is

) (R ® JE(E-1)
C) R (D) @
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28.

29.

30.

31.

32.

[Online January 2019]
A straight rod of length L extends from x=a to
x=L+a. The gravitational force it exerts on a point
mass m at x =0, if the mass per unit length of the rod
is A+Bx?,is given by

(A) Gm (L—1]+BL
a+L a
1 1 ]
(B) Gm (———]—BL
| \a+L a ]
(©) Gm A(l—L]JrBL
| \a a+L ]
(D) Gm (E—L]—BL
a a+lL ]
[Online January 2019]

A satellite of mass M is in a circular orbit of radius
R about the centre of the earth. A meteorite of the
same mass, falling towards the earth, collides with
the satellite completely inelastically. The speeds of the
satellite and the meteorite are the same, just before
the collision. The subsequent motion of the combined
body will be

(A) such that it escapes to infinity

(B) in a circular orbit of a different radius

(C) inan elliptical orbit

(D) in the same circular orbit of radius R

[Online January 2019]

Two satellites, A and B, have masses m and 2m
respectively. A is in a circular orbit of radius R and
B is in a circular orbit of radius 2R around the earth.

. e N
The ratio of their kinetic energies, T_A is

B
(™) 1 ® -
2
© 2 D) \F
2
[2018]
A particle is moving in a circular path of radius
. . . k
under the action of an attractive potential U=-—.
Its total energy is 2r
k k
A) —— B) —
A) -2 ®) 3
3k
C D) ———
(C) zero (D) 27
[2018]

A particle is moving with a uniform speed in a
circular orbit of radius R in a central force inversely
proportional to the n™ power of R. If the period of
rotation of the particle is T, then

33.

34.

35.

36.

ae
3 LS|
(A) TeR? forany n (B) Te<R?2
(n+1) i
(C) T«<R 2 (D) Te<R2
[Online 2018]

A body of mass m is moving in a circular orbit of
radius R about a planet of mass M . At some instant,
it splits into two equal masses. The first mass moves

. . . . R .
in a circular orbit of radius 5 and the other mass, in

R
a circular orbit of radius 37 . The difference between

the final and initial total energies is

GMm GMm
(A) +——— (B)
6R 2R
GMm GMm
© "SR D) ———
6R
[Online 2018]

Take the mean distance of the moon and the sun
from the earth to be 0.4x10° km and 150x10° km
respectively. Their masses are 8x10% kg and
2x10" kg respectively. The radius of the earth is
6400 km . Let AF, be the difference in the forces
exerted by the moon at the nearest and farthest points
on the earth and AF, be the difference in the force
exerted by the sun at the nearest and farthest points on

AF,
the earth. Then, the number closest to El is
2

(A) 2 (B) 0.6
€ 6 (D) 107
[Online 2018]

Suppose that the angular velocity of rotation of earth is

increased. Then, as a consequence

(A) there will be no change in weight anywhere on
the earth.

(B) weight of the object, everywhere on the earth, will
increase.

(C) except at poles, weight of the object on the earth
will decrease.

(D) weight of the object, everywhere on the earth, will
decrease.

[Online 2018]

Two particles of the same mass m aremovingincircular

orbits because of force, given by F(r)="0_p,
r

The first particle is at a distance r =1 and the second,
at r=4. The best estimate for the ratio of kinetic
energies of the first and the second particle is closest to
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(] ]
(A) 6x1072 (B) 107
(C) 3x107° (D) 6x10°
37. [2017]

38.

39.

The variation of acceleration due to gravity ¢ with
distance d from centre of the Earth is best represented
by (R = Earth’s radius)

A) ¢ B 9

0 d
© g

0 B d
[Online 2017]

If the Earth has no rotational motion, the weight of a
person on the equator is W. Determine the speed with
which the earth would have to rotate about its axis so

that the person at the equator will weigh %W. Radius

of the Earth is 6400 km and ¢ =10 ms™,

(A) 0.63x107 rads™ (B) 0.83x107° rads™
(C) 0.28x107 rads™ (D) 1.1x107 rads™
[Online 2017]

The mass density of a spherical body is given by

p(r)=E for r<R and p(r)=0 for r>R, where
r

r is the distance from the centre. The correct graph

that describes qualitatively the acceleration, # of a test
particle as a function of r is

(A) & B 3
‘\H ' »r
R R
© a (D) a
! »r \>
R R

40.

41.

42,

43.
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[2016]

A satellite is revolving in a circular orbit at a height &
from the earth’s surface (radius of earth R; i R ). The
minimum increase inits orbital velocity required, so that
the satellite could escape from the earth’s gravitational
field, is close to (Neglect the effect of atmosphere)

(A) JsR(v2-1) (B) 2R
© R (D) J%?

[Online 2016]
Figure shows elliptical path abed of a planet around

the sun S such that the area of triangle csa is i the

area of the ellipse. (See figure) With bd as the major
axis, and ca as the minor axis. If #; is the time taken
for planet to go over path abc and f, for path taken
over cda then

a
e
1~
e S
”‘ \‘~\
1 8
sofSERE | __ VS .
o

(A) 1 =4t B) =2
©) # =3t (D) =t
[Online 2016]

An astronaut of mass m is working on a satellite
orbiting the earth at a distance /1 from the earth’s
surface. The radius of the earth is R, while its mass is
M . The gravitational pull F- on the astronaut is

(A) Zero since astronaut feels weightless

) GMm . <GMrn
(R+h)? ¢ R
GMm

C) E-=

Q) fe (R+h):
(D) 0<PG<G$m
[2015]

From a solid sphere of mass M and radius R, a
R
spherical portion of radius 5 is removed, as shown

in the figure. Taking gravitational potential V=0 at
r =0, the potential at the centre P of the cavity thus
formed is

(G = gravitational constant)
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44.

45,

46.

-GM GM
Ay —— B) ——
) == ® —

-2GM —-2GM
C) —— D) ——
©) 3R (D) R
[Online 2015]

A very long (length L) cylindrical galaxy is made of
uniformly distributed mass and has radius R(R L)
A star outside the galaxy is orbiting the galaxy in
a plane perpendicular to the galaxy and passing
through its centre. If the time period of star is T and
its distance from the galaxy’s axis is 7, then

(A) T? et (B) Tt
(C) Teer (D) Ter
[Online 2015]

Which of the following most closely depicts the correct
variation of the gravitational potential V(r) due to a
large planet of radius R and uniform mass density?
(figures are not drawn to scale)

(A) V(r) (B) V()
r
0 r Of
Q) v (D) v

[2014]

Four particles, each of mass M and equidistant from
each other, move along a circle of radius R under the
action of their mutual gravitational attraction. The
speed of each particle is

47.

48.

49,

50.

ae
GM GM
(A) ([T (B) m?
GM 1 |GM
©) ?(uz\/ﬁ) ®) 5 T(mﬁ)
[2013]

What is the minimum energy required to launch a
satellite of mass m from the surface of a planet of
mass M and radius R in a circular orbit at an altitude
of 2R?

I
©) GmM D) GmM

2R 3R
[2012]

The mass of a spaceship is 1000 kg . It is to be
launched from the earth’s surface out into free space.
The value of ¢ and R (radius of earth) are 10 ms™
and 6400 km respectively. The required energy for
this work will be

(A) 6.4x10° Joules
(B) 6.4x10° Joules
(C) 6.4x10" Joules
(D) 6.4x10" Joules

[2011]

Two bodies of masses m and 4m are placed at a
distance r. The gravitational potential at a point on the
line joining them where the gravitational field is zero is

(A) zero (B) _4GTm
6Gm 9Gm
© -— D) -——
r r
[2009]
The height at which the acceleration due to gravity
becomes % (where g¢= the acceleration due to

gravity on the surface of the earth) in terms of R, the

radius of the earth is

R
A) 2R B) —
(A) (B) A
©) g D) V2R
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Single Correct Choice Type Problems

In this section each question has four choices (A), (B), (C)
and (D), out of which ONLY ONE is correct.

1.

[JEE (Advanced) 2019]

Consider a spherical gaseous cloud of mass density
p(r) in free space where r is the radial distance from
its centre. The gaseous cloud is made of particles of
equal mass m moving in circular orbits about the
common centre with the same kinetic energy K. The
force acting on the particlesis their mutual gravitational

force. If p(r) is constant in time, the particle number

(=27

density n(r)= is [G is universal gravitational
constant] "
3K K
2,2 B 2.2
mrm G 2mr'm°G
K K
6mr*m*G nr*m*G
[JEE (Advanced) 2017]

A rocket is launched normal to the surface of the Earth,
away from the Sun, along the line joining the Sun and
the Earth. The sun is 3x10° times heavier than the
Earth and is at a distance 2.5x10* times larger than
the radius of Earth. The escape velocity from Earth’s
gravitational field is v, =11.2 kms™ . The minimum
initial velocity (v,) required for the rocket to be able
to leave the Sun-Earth system is closest to (Ignore the
rotation and revolution of the Earth and the presence
of any other planet)

(A) v,=72kms"
(C) v, =42 kms™
[JEE (Advanced) 2014]
A planet of radius R:% (Radius of Earth) has the

(B) v,=22 kms !
(D) v,=62kms™

same mass density as earth. Scientists dig a well of
depth % onitand lower a wire of the same length and

of linear mass density 10~ kgm™ into it. If the wire
is not touching anywhere, the force applied at the top
of the wire by a person holding it in place is (take the
radius of earth to be 6x10° m and the acceleration
due to gravity of earth is 10 ms™)

(A) 96N (B) 108N
(C) 120N (D) 150N
[IIT-JEE 2011]

A satellite is moving with a constant speed v in a
circular orbit about the earth. An object of mass m is
ejected from the satellite such that it just escapes from

the gravitational pull of the earth. At the time of its
ejection, the kinetic energy of the object is

(A) %mv2 (B) mv’
(@) %mvz (D) 2mv*
[IIT-JEE 2010]

A thin uniform annular disc (shown in figure) of mass
M has outer radius 4R and inner radius 3R. The
work required to take a unit mass from point P on its
axis to infinity is

*P
4R
2GM 2GM
A) ——44J2-5 B) ——\4J2-5
&) —=42-5) B - =(42-5)
GM 2GM
— D) ——(V2-1
ST © —¢ (v2-1)
[IIT-JEE 2008]
A spherically symmetric gravitational system of

po forr<R

, Where
Oforr>R
Py is a constant. A test mass can undergo circular

particles has a mass density p ={

motion under the influence of the gravitational field of
particles. Its speed v as a function of distance r from
the centre of the system is represented by

(A) X (B) X
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10.

11.

[ITT-JEE 2006]

A double star system consists of two stars A and B
which have time periods T, and Tj. Radius R, and
Ry andmass M, and My .Choose the correct option.

(A) If T, >T, then R, >R,
(B) If T, >T, then M, > M,

\2 3
o (3]-{2)
(D) Ty=Tg

[IIT-JEE 2002]
A geostationary satellite orbits around the earth in
a circular orbit of radius 36000 km. Then, the time
period of a spy satellite orbiting a few 100 km above
the earth’s surface (R, = 6400 km ) will approximately
be

1
(A) Sh
(B) 1h
(© 2h
(D) 4h

[IIT-JEE 2001]

A simple pendulum has a time period T; when on
the earth’s surface and T, when taken to a height R
above the earth’s surface, where R is the radius of the

T
earth. The value of -2 is

T1
(A) 1 (B) V2
) 4 (D) 2
[IIT-JEE 1998]

Asatellite S is moving in an elliptical orbit around the

earth. The mass of the satellite is very small compared

to the mass of the earth

(A) the acceleration of S is always directed towards
the centre of the earth

(B) the angular momentum of S about the centre of
the earth changes in direction, but its magnitude
remains constant

(C) the total mechanical energy of S
periodically with time

(D) the linear momentum of S remains constant in
magnitude

varies

[IIT-JEE 1996]
If the distance between the earth and the sun were half
its present value, the number of days in a year would
have been
(A) 645

(C) 1825

(B) 129
(D) 730

12.

13.

14.

[IIT-JEE 1989]

Imagine a light planet revolving around a very
massive star in a circular orbit of radius R with period
T. If the gravitational force of attraction between the
planet and the star is proportional to R, the T” is
proportional to

(A) R? (B) R7?
(C) Rs;'z (D) REJS
[IIT-JEE 1983]

If g is the acceleration due to gravity at the earth’s
surface, the gain in the potential energy of an object of
mass m raised from the surface of the earth to a height
equal to the radius R of the earth, is

(A) %ng (B) 2mgR
(C) mgR (D) %ng
[IIT-JEE 1981]

If the radius of the earth were to shrink by one percent,
its mass remaining the same, the acceleration due to
gravity on the earth’s surface would

(A) decrease by 1%

(B) remain unchanged

(C) increase by 2%

(D) decrease by 2%

Multiple Correct Choice Type Problems

In this section each question has four choices (A), (B), (C)
and (D), out of which ONE OR MORE is/are correct.

1

[JEE (Advanced) 2015]
A spherical body of radius R consists of a fluid of
constant density and is in equilibrium under its own
gravity. If P(r) is the pressure at r(r <R), then the
correct options is/are

(-2
(A) P(r=0)=0 (B) \4)_68
P(r:ﬁ] 80

3

3R R
© r=5) o o) 1=3)
p[;»:EJ 21 p(r=5) 27

5 3

[JEE (Advanced) 2013]

Two bodies, each of mass M, are kept fixed with
a separation 2L. A particle of mass m is projected
from the mid-point of the line joining their centres,
perpendicular to the line. The gravitational constant is
G. The correct statement(s) is (are)



3.
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(A) The minimum initial velocity of the mass m to
escape the gravitational field of the two bodies is

L [oM
L

(B) The minimum initial velocity of the mass m to
escape the gravitational field of the two bodies is

, [CM
L

(C) The minimum initial velocity of the mass m to
escape the gravitational field of the two bodies is

[26M
L
(D) The energy of the mass m remains constant

[IIT-JEE 2012]

Two spherical planets P and Q have the same uni-
form density p, masses M, and M, and surface
areas A and 4A, respectively. A spherical planet R
also has uniform density p anditsmassis (M, + M, ).
The escape velocities from the planets P, Q and R
are V,, Vi, and Vj respectively. Then

(A) Vo>Vp>Vp (B) Vr>Vo>Vp
© k=3 0 =

Vp Vo 2
[IIT-JEE 1994]

The magnitudes of gravitational field at distances r,
and r, from the centre of a uniform sphere of radius
R and mass M are F; and F,, respectively. Then

(A) hon if n<R and r,<R
2 I
E

(B) —1=i2 if >R and »>R
F n
FE n.

(C) —=—if n>R and >R
E n
E

(D) —1=L2 if n<R and <R
F n

[IIT-JEE 1993]

A solid sphere of uniform density and radius 4 unit is
located with its centre at the origin of coordinates, O.
Two spheres of equal radii of 1 unit, with their centres
at A(-2,0,0) and B(2,0,0) respectively, are taken
out of solid sphere, leaving behind spherical cavities
as shown in figure.
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(A) The gravitational force due to this object at the
origin is ZERO.

(B) The gravitational force at the point B(2, 0, 0) is
ZERO.

(C) The gravitational potential is the same at all
points of the circle y*+2z*=36.

(D) The gravitational potential is the same at all
points on the circle y? +2* = 4.

Reasoning Based Questions

This section contains Reasoning type questions, each hav-
ing four choices (A), (B), (C) and (D) out of which ONLY
ONE is correct. Each question contains STATEMENT 1 and
STATEMENT 2. You have to mark your answer as

Bubble (A) If both statements are TRUE and STATEMENT
2 is the correct explanation of STATEMENT 1.

Bubble (B) If both statements are TRUE but STATEMENT
2 is not the correct explanation of
STATEMENT 1.

Bubble (C) If STATEMENT 1 is TRUE and STATEMENT 2
is FALSE.

Bubble (D) If STATEMENT 1 is FALSE but STATEMENT 2
is TRUE.

1. [IIT-JEE 2008]
Statement-1: An astronaut in an orbiting space station
above the earth experiences weightlessness.
Statement-2: An object moving around the earth
under the influence of earth’s gravitational force is in a
state of free-fall.

Integer/Numerical Answer Type Questions

In this section, the answer to each question is a numerical
value obtained after series of calculations based on the data
provided in the question(s).

1. [JEE (Advanced) 2015]
A bullet is fired vertically upwards with velocity
v from the surface of a spherical planet. When it
reaches its maximum height, its acceleration due to
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1
the planet’s gravity is Eth of its value at the surface

of the planet. If the escape velocity from the planet is

Vuse = 0N, then the value of N is (ignore energy loss
due to atmosphere)

[JEE (Advanced) 2015]

Alarge spherical mass M is fixed at one position and
two identical masses m are kept on a line passing
through the centre of M (see figure). The point masses
are connected by a rigid massless rod of length I and
this assembly is free to move along the line connect-
ing them. All three masses interact only through their
mutual gravitational interaction. When the point mass

nearerto M isatadistance r =3l from M the tension

in the rod is zero for m=k(%)."[he value of k is

[ITT-JEE 2010]
Gravitational acceleration on the surface of a planet is

% ¢, where g is the gravitational acceleration on the
surface of the earth. The average mass density of the
planet is % times that of the earth. If the escape speed

on the surface of the earth is taken to be 11 kms_l, find
the escape speed on the surface of the planet in kms™.
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ANSWER KEYS-TEST YOUR CONCEPTS AND PRACTICE EXERCISES

Test Your Concepts-I
(Base.d on Acce.leratlon Due‘to (..;rawty, 6. 7§(M+m)2
Gravitational Field and Applications) d
1 24 kms™ 7. —%
Gy, ) )
2, ——= GM GM
z e S
3. (@) GMm © GMm - x © 0
O T N2+
va? +x* (x2+a2)" 9. (a) _2(;,110&(—“ ta J
2 a
4. ——,along +x axis
#* (b) ~Gilog, (“E]
5. =

r

O Test Your Concepts-lll
6. 200 Nkg , along +x direction

(Based on Relation Between Gravitational

7. 3 Field and Potential)
o 2TGMn 1 3Jkg
o 2. —(axy+byz)+C
N nRGp, 3. (@) 1]kg™ (b) 1Jkg™, conservative
2 4 f(6xy)273(x2+yzz)}fy3lz
10, SMA o o
"R 5. (a) —2a(xi —yj) (b) —ayi —ax]
11. 7.8x10™* rads™ 6. 5v2 Nkg™!
[ 0 for r<R, 7. 1042 N
12. GM ( = il ] for R <r<R, 8. f(2ax;’ +2ay} +2sz) , 2\/512(3:2 +1? ]+b?‘z2
2 1 ~ A A
9. —2i-3j+k
G—T for r>R,
- r Test Your Concepts-1V
13. 1600 km

(Based on Conservation Laws, Escape

Test Your Concepts-Il Velocity and Applications)

(Based on Gravitational Potential, Potential 1 (a)[ n )ng ) 2ngR
Energy and Applications) n+1 n+1
1 Gm* [12 12 4 ] 2. 112kms '
' NG 3. 21x10° ms™, 42x10° ms™
2. -GMro IOSE[MJ 4, 2 |SM
L a *
L
3. GNI—m 3 [5GM
R 5 —
2V a
| _CMm remain the same
T 6. {14\1-K(2-Ksin’g),
5, _3GMm )
"2 R f_(1-\1-K(2-K)sin’¢)

I\J
71
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7.0
8. 42 kms™'

9. JZG(m1+nh)(

10. 9,2

21)
a f

Test Your Concepts-V
(Based on Satellites, Kepler’s Laws and
Applications)

122

4. (1+sina)n, (1-sina)rn,

5. r=R

Single Correct Choice Type Questions

1. C 2. C 3.D 4, C 5
11. C 12. D 13. B 14. B 15.
21. C 22, C 23. B 24, C 25.
31. B 32.D 33. D 34. B 35.
41. B 42, C 43. B 4. B 45.
51. C 52. B 53. A 54. D 55.
6l. C 62. C 63. C 64. D 65.
71. A 72. B 73. B 74. C 75.
81. D 82. D 83. D 84. C 85.
91. D 92. A 93. C 94, D 95.

101. B 102. D 103. C 104. B 105
111. C 112. C 113. C 114. C 115.
121. C 122. C 123. C 124. C

Multiple Correct Choice Type Questions

1. B,C 2. A,D 3.
6. A,C 7. A,B,C,D 8.
11. A, B,C 12. B,C,D 13.
16. A,D 17. B,D 18.
21. A,B,C 22. B,C 23.
26. A,D 27. A,D 28.
31. A,B,C 32. A,C 33.
36. C,D 37. A,B,C,D 38.

Reasoning Based Questions

1. A 2. A 3. A 4. D 5.

OB > 0 w9 O = N00%9 N J

A, B,C
B,C
B,D

A, B,C,

A C
A, B,D
A, D
A B C

D

ae
4 m
6. (@) 2 G(my +m,) ®) m_f
@8 @ et () s
my 2
7. 56+/2 hour, 3829 kmhr™
8. r, i
3
GM? GM R? GM?
9. (a na (b) ek 411"/% (c) R
) 13
11 \/2G(m1 +1m, ][ ! —{ in 5 } jl
Ri+Ry | G(my+my)T
6. D 7. C 8. C 9. C 10. B
16. C 17. A 18. C 19. C 20. A
26. D 27. B 28. B 29. D 30. C
36. D 37.D 38. D 39. A 40. A
46. A 47. B 48. B 19. A 50. A
56. C 57. C 58. C 59. C 60. C
66. A 67. D 68. A 69. B 70. D
76. B 77.D 78. B 79. C 80. A
86. C 87. D 88. C 89. B 90. A
9. D 97. A 98. B 9. C  100. D
106. D 107.B  108.C  109.C  110. C
1m6.C 117D 18 A  119.C  120. A
4. A,C,D 5. A,B,C,D
9. C,D 10. A,B,C
14. A, C 15. A,D
D 19. A, B,C 20. A,B,C
24. A,D 25. A,B,D
29. C,D 30. A,D
34. B,C 35. A,B,D
6. B 7. C 8. A 9. A 10. C
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Linked Comprehension Type Questions

1. D 2. A 3.C 4 D 5. A 6. B 7. A 8. C 9. C 10. A
11. A,B,C 12. B 13. A 14. D 15. B 16. D 17. D 18. A 19. B 20. C
21. C 22. D 23.D 24 A 25. B 26. C 27. C 28. A 29. A 30. C
31. D 32. C 33. B 34. A 35.D 36. C 37. B

Matrix Match/Column Match Type Questions

1. A-(p,qr) B—(r) C—(t) D—-(p,q1s)

2. A-(q) B - (p) C—(p D - (g

3. A—=(q) B— (1) C—(q) D —(p) E—(s)

4. A->(p,qrs) B-(pqrs) C-(grs) D-(p, 1)

5. A= (p) B—(q) C—( D-1(q)

6. A= (1 t) B—(s) C—(p) D-(q)

7. A—>(p) B—-(q) C—(s) D—(t)

8. A—(q) B—(s) C—=(p D—(r)

9. A-(rq) B—(s) C-(p) D — (1)

10. A—(s) B—(r) C—=(p D—(p)

11. A= (r) B—(q) C—(p) D—(r)
Integer/Numerical Answer Type Questions

1. 151 2.0 3. 125 4. 10 5. 5656

6. (a)30 (b)18 7. a=2and f=13 8 2 9. 6 10. 2
11. 1 12. 5 13. 7 14. 3 15. 2
16. 6 17. 7155,7071, 7702 18. 7 19. 15 20. 7

21. 2

ARCHIVE: JEE MAIN

1. C 2. A 3. B 4. B 5 A 6. C 7.D 8. D 9. A 10. B
11. D 12. D 13. A 14. A 15. 16 16. B 17. C 18. C 19. A 20. D
21. C 22. D 23. C 24. A 25. B 26. A 27. B 28. C 29. C 30. A
31. C 32. C 33.D 34. A 35. C 36. A 37. D 38. A 39. A 40. A
41. C 42. C 43. B 4. C 45. B 46. D 47. A 48. C 49. D 50. A

ARCHIVE: JEE ADVANCED
Single Correct Choice Type Problems
1. B 2.C 3.B 4. B 5. A 6. C 7.D 8. C 9. D 10. A

11. B 12. B 13. A 1. C
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Multiple Correct Choice Type Problems

1. B,C 2. B,D 3. B,D 4. A,B
Reasoning Based Questions

1. A
Matrix Match/Column Match Type Questions

1. 2 2.7

3.3

5 A,C,D



