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SINGLE CORRECT CHOICE TYPE
Each of these questions has 4 choices (a), (b), (c) and (d) for its answer, out of which ONLY ONE is correct.

1. A certain pendulum clock keeps good time on the earth.If
the same clock were placed on the moon, where objects
weigh only one sixth as much as on the earth,how many
seconds will the clock tick out in an actual time of 1 minute?
(a) 24sec (b) 24.5sec
(c) 25sec (d) 25.5sec

2. Asatellite of mass m revolving in a circular orbit of radius 7,
round the earth of mass M has a total energy E. Then its
angular momentum will be

(@) (2Emsrs2 )1/2 (b) (2Emsrs2)

© @Emg)'? (&) QEmgr).
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N b
where N is some number greater than one and V. is escape
speed for the earth. Neglecting the rotation of the earth and
air resistance, the maximum altitude attained by the shell

will be (R is radius of the earth)

3. A shell is fired vertically from the earth with speed

N’R NR
@ —= b)) —+

N -1 N* -1

RE RE
(c) N2 _1 (d) N2

4. The percentage change in the acceleration of the earth
towards the sun from a total eclipse of the sun to the point
where the moon is on a side of earth directly opposite to the
sun is

2
M
(a) %r_le()o (b) MS (F—ZJ x100

m N m \ N

2 2
© 2(1) %xloo(d) [r—lJ %XIOO

s m

5.  Astraightrod of length L extends fromx =atox =L +a.Find
the gravitational force it, exerts on a point mass m at x =0 if
the linear density of rod p =4 + Bx?

) + BL:|
L

(@) Gm|:§+BL:| (b) Gm[A(l— !

a a+

] o o]

6. A geo-stationary satellite orbits around the earth in a circular
orbit of radius 36,000km. Then, the time period of a spy
satellite orbiting a few hundred km above the earth's surface
(R gt = 6,400km) will approximately be
(a 12hr (b) 1hr (¢) 2hr (d) 4hr

7. In a certain region of space, gravitational field is given
by I= —(K/r). Taking the reference point to be at » = r,
with V=V, find the potential.

©) Gm [BL +
a

@ Klog—+V,
o

(© KlogL— Vo
7
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) log—¥,r
0 r
8.  Aprojectile leaves the earth’s surface with a speed equal to

2,/gR, , where R is the radius of earth. Its speed far away

from the earth would be
(@) 24gR, (b) gR,
(©) +J2gR, (d gR,

9.  Anartificial satellite is moving in a circular orbit around the
earth with a speed equal to half the magnitude of the escape
velocity from the earth. Find the height (%) of the satellite
above the earth’s surface : (Take radius of earth as R )

@@ h=R? b) h=R,
(©) h=2R (d) h=4R

7'2 7'2
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10. A planet is revolving around a star in an elliptic orbit. The
ratio of the farthest distance to the closest distance of the (a) R (b) 5
planet from the star is 4. The ratio of kinetic energies of the 6
planet at the farthest to the closest position is )
(@ 1:16 (b) 16:1 (c) 1:4 d) 4:1 (©) TR d R

11.

A spherical uniform planet is rotating about its axis. The
velocity of a point on its equator is v. Due to the rotation of
planet about its axis the acceleration due to gravity g at
equator is 1/2 of g at poles. The escape velocity of a particle
on the pole of planet in terms of v is

@ v,=2v b v,=v

© v,=v2 d v, =By

18.

A small satellite of mass m is revolving around earth in a
circular orbit of radius 7, with speed v,,. At certain point of
its orbit, the direction of motion of satellite is suddenly
changed by angle 6 = cos™! (3/5) by turning its velocity
vector, such that speed remains constant. The satellite
consequently goes to elliptical orbit around earth. The ratio

12. A point P lies on the axis of a fixed ring of mass M and radius of speed at perigee to speed at apogee is
R, at a distance 2R from its centre O. A small particle starts @ 3 ®) 9
from P and reaches O under gravitational attraction only. Its

(c) 173 d 19

13.

14.

15.

16.

17.

speed at O will be
2GM

R

2GM 1
© WD @ T )

A planet of mass m is in an elliptical orbit about the sun
(m<<M_,,) with an orbit period 7. If 4 be the area of orbit,
then its angular momentum would be

(@ 2mA/T (b)) mAT  (¢) mART (d) 2mAT
If the radius of earth shrinks by one percent and its mass
remains the same, then acceleration due to gravity on the
earth surface will

(a) increase by 1%  (b) decrease by 1%

(c) decrease by 2% (d) increase by 2%

The work done required to increase the separation distance
from x, to x,+ d between two masses m, and m, is

(a) zero (b)

G mymyx;
(x +d)d

G mlmzd

(a) xl (xl + d)

(b)

-G mymyx;

R

(d) none

Two satellites of same mass are orbiting round the earth at
the heights of R and 4R above the earth's surface; R being
the radius of the earth. The kinetic energies are in the ratio
(a) 4:1 (b)y 3:2 (c) 4:3 (d 5:2

A body is projected vertically upward from the surface of
the earth with a velocity equal to half the escape velocity. If
R is the radius of the earth, the maximum height attained by
the body is

#

19.

20.

With what minimum speed should m be projected from point
C in presence of two fixed masses M each at 4 and B as
shown in the figure such that mass m should escape the
gravitational attraction of 4 and B

min

2GM 2V2GM
@ g o P

GM
© 2 @ 2V2 =
The radius of a planet is » times the radius of earth (R). A
satellite revolves around it in a circle of radius 4nR with
angular velocity ®. The acceleration due to gravity on
planet’s surface is

(@) Ro? (b) 16Rw?
(c) 32nRe? (d) 64 nRo
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GRAVITATION

21.

22.

23.

24,

<~

Two concentric uniform shells of mass M, and M, are as
shown in the figure. A particle of mass m is located just
within the shell M, on its inner surface. Gravitational force
on ‘m’ due to M, and M, will be

M,
)
GM 1m
(a) zero (b) )
b
© 5§£§{l§§§£3231 (d) None

The minimum and maximum distances of a satellite from
centre of earth are 2R and 4R respectively, where R is the
radius of earth. The minimum and maximum speeds of the

satellite will be
GM [|2GM Y % 2GM
@ VRV R ® TRV 3R

f2GM /4GM
(© 3R V3R (d) None

Note that M represents the mass of the earth.

An artificial satellite is first taken to a height equal to half
the radius of earth. Assume that it is at rest on the earth’s
surface initially and that it is at rest at this height. Let £, be
the energy required. It is then given the appropriate orbital
speed such that it goes in a circular orbit at that height. Let

18

E, be the energy required. The ratio

1)
(a 4:1 by 3:1
() 1:1 d 1:2

In order to simulate different values of g, aspiring astronauts
are put on a plane which dives in a parabola given by the
equation :

¥2=500y

25.

26.

where x is horizontal, y is vertically upwards; both being
measured in meter. The x—component of the velocity of the
plane is constant throughout, and has the value of 360 km/h.
The effective g (“g — force™) experienced by an astronaut
on the plane equals

(a) 4g (b) 3g

© % @ se

A planet of radius R has an acceleration due to gravity of g
on its surface. A deep smooth tunnel is dug on this planet,
radially inward, to reach a point P located at a distance of

R
5 from the centre of the planet. Assume that the planet

has uniform density. The kinetic energy required to be given
to a small body of mass m, projected radially outward from
P, so that it gains a maximum altitude equal to the thrice the
radius of the planet from its surface, is equal to

=\

63 3

(@) Emg sR (b) g mg R
9 21

(C) gmgsR (d) EmgsR

Six stars of equal mass are moving about the centre of mass
of the system such that they are always on the vertices of a
regular hexagon of side length a. Their common time period

will be
3 NEY S
@ 4n] L ) 2m | AP
Gm Gm (5\/3 + 4)
343
(©) 4rx o (d) None of these
m
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27.

28.

29.

30.

An earth satellite of mass m orbits along a circular orbit C,
at a height 2R from earth’s surface. It is to be transferred to
a circular orbit C,, of bigger radius, at a height SR from
earth’s surface. The transfer is affected by following an
elliptical path as shown in figure. Calculate the change in
the energies required at the transfer points 4 and B.

[R = radius of earth]

mgR mgR

@ = ®)
R R

© @ o~

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 (b) remain unchanged

(c) increase (d) bezero

The acceleration due to gravity on the surface of the moon
is 1/6 that on the surface of earth and the diameter of the
moon is one-fourth that of earth. The ratio of escape
velocities on earth and moon will be

0 @ ® V3 ©3 @

An artificial satellite of mass m of a planet of mass M,
revolves in a circular orbit whose radius is n times the radius
R of the planet. In the process of motion, the satellite
experiences a slight resistance due to cosmic dust. Assuming
resistance force on satellite depends on velocity as F = av?
where ‘a’ is constant. Calculate how long the satellite will
stay in orbit before it falls onto the planet’s surface.

mR (\n 1) mR (\fn +1)

3

b
@ aNGM ®) aNGM
© 2mR (Jn —1) m\R (\fn-1)

JOM @ oM

D

31.

32.

33

34.

A spaceship is sent to investigate a planet of mass M and
radius R. While hanging motionless in space at a distance
5R from the centre of the planet, the spaceship fires an
instrument package with speed v, as shown in the figure.
The package has mass m, which is much smaller than the
mass of the spaceship. For what angle 6 will the package
just graze the surface of the planet ?

.| 1 8GM
(a) sin”! 1 1+8G—2M (b) sin”'| = I+——
(c) sin”! ! 1+2G2M (d) sin”' ! 1+8G2M

In older times, people used to think that the earth was flat.
Imagine that the earth is indeed not a sphere of radius R, but
an infinite plate of thickness H. What value of H is needed
to allow the same gravitational acceleration to be experienced
as on the surface of the actual earth ? (Assume that the
earth’s density is uniform and equal in the two models

(@) 2R3 (b) 4R73

(c) 8RA3 (d RS

A planet revolves about the sun is elliptical orbit. The areal

velocity (fl—AJ of the planet is 4.0 x 10!® m2/s. The least
t

distance between planet and the sun is 2 x 1012 m. Then the
maximum speed of the planet in km/s is

(@ 10 (b) 20

(c) 30 (d 40

The mass M of a planet-earth is uniformly distributed over a
spherical volume of radius R. Calculate the energy needed
to disassemble the planet against the gravitational pull
amongst its constituent particles.

Given: MR=2.5x 103! kg-mand g =10 m/s?

(@) 3.0x1032J (b) 2.5x1032]

(c) 0.5x10%8) (d) 1.5x1032]

If gravitational forces alone prevent a spherical, rotating
neutron star from disintegrating , the minimum mean density
of a star that has a rotation period of one second will be
(@) 2.4x10"9kg/m’ (b) 1.4x109kg/m3

(c) 1.4x10"kg/m? (d) 3.4x10"kg/m3
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GRAVITATION :@

36. Inside a uniform sphere of density p there is a spherical ~ 40. The orbital speed of Jupiter is

cavity whose centre is at a distance ¢ from the centre of the (a) greater than the orbital speed of earth
sphere. Find the strength F' of the gravitational field inside (b) less than the orbital speed of earth
the cavity at the point P. (c) equal to the orbital speed of earth

(d) zero

41. The eccentricity of the earth’s orbit is 0.0167. The ratio of its
maximum speed in its orbit to its minimum speed is
(@) 167 (b) 1.034
© 1 (d) 0.167

42. Two bodies of masses M| and M, are placed at a distance d
apart. What is the potential at the position where the
gravitational field due to them is zero ?

4 - 1. - G
(a) EGEM (b) Eané (a) —E(MﬁMz +2\/M1\/M2)
G
- 1 - - -
© Zorpi @ SGmpl ® - (M1 + M5~ 20y b))
. . . , G
37. Ifgisthe ac'celeratlon dup to gravity on the <'aarth s surface, (©) - (2M1 +My+2 /Ml /MZ )
the change in the potential energy of an object of mass m
raised from the surface of the earth to a height equal to the G
—— (M + M, +2/M; M
radius R of the earth is (d) 2d ( ! 2 ! 2)
(a) mgR/2 (b) 2mgR 43. The figure shows a planet in elliptical orbit around the sun
() mgR (d) —mgR S. Where is the kinetic energy of the planet maximum ?
38. If the distance between the earth and the sun were half its
present value, the number of days in a year would have Py
been
(a) 645 (b)y 129 (c) 1825 (d) 730 P, P,

39. A spherical cavity is made in a lead sphere of radius R such
that its surface touches the outside surface of the lead sphere

. P
and passes through its centre . The mass of the lead sphere !
before hollowing was M. What is the force of attraction that (@) P (b) P
this sphere would exert on a particle of mass m, which lies at © P; ) Pi

a distance d from the centre of the lead sphere on the straight
line joining the centres of the sphere and the centre of cavity
as shown in the figure.

44. A missile, which missed its target when into orbit around
the earth at a mean radius 3 times as great as the parking
orbit of the satellite. The period of the missile is

(@ V2 day (b) 3day
(©) 3 day (d) 33 day

45. A satellite of mass m is orbiting the earth in a circular orbit of
radius R. It starts losing energy due to small air resistance at
the rate of C J/s. Find the time taken for the satellite to reach

the earth.
GMm|1 1 GMm|1 1
3GM 2GM; = b)) ——— | —4—
@ M () 26Mm @ =2 [R J ® ¢ |:R J
2R R
GMm GMm © Gﬂ[l_l} @ 2GMm [i+l]
(© e (d) e 2C |R r Cc |R r
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47.
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49.

The time taken by the earth to travel over half its orbit,
remote from the sun, separated by the minor axis is about 2
days more than half the year, then the eccentricity of the

orbit is
(@) 1/30 (b)  1/60
(¢) 115 (d) 1/70

If a spherically symmetric star of radius R collapsed under
its own weight, neglecting any forces other than
gravitational ones, what is the time required for collapse ?

@ 8n’ R’ ®) 2R
& 0.5 0.5
(GM) BGM)
2p3
R
(c) @gw (d) None of these

A planet of mass m is in an elliptical orbit about the sun (m
<<M_ ), with an orbital period 7. If 4 be the area of orbit

sun
then its angular momentum would be

2mA

@ —— (b) mAT
mA d) 2mAT
© -7 (d) 2m

A binary star system consists of two stars 4 and B which
have time period 7, and T, radius R , and Rz and mass M,
and Mp. Then

(@ ifT,>TpthenR,;>Rp (b) ifT,>TpthenM > Mp

d) T,=Tg

50.

51.

Two particles of masses m; and m, moving in coplanar
parabolas round the sun, collide at right angles and coalesce
when their common distance from sun is R. The subsequent
path of the combined particles is an ellipse of major axis

(a) MR R

2m1 my

(b) (ml —m )2
2m1m2

2
(c) M R
mym;

(d) (ml + m2)2 R

3mym,
Inside a large isolated shell of mass M having inner and
outer radius r and R respectively, a particle is projected with
a velocity v tangentially along the inner surface of the shell.
Find the time taken for the particle to complete one
revolution. The friction is absent.

@

2nr
@ JoMIR

21_51/3/2

NG

2nr

©

v

(d) The particle will not be able to complete a revolution,
as it will fall off towards the centre
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COMPREHENSION TYPE

ONE is correct.

This section contains groups of questions. Each group is followed by some multiple choice questions
based on a paragraph. Each question has 4 choices (a), (b), (¢) and (d) for its answer, out of which ONLY

PASSAGE-1

It can be assumed that orbits of earth and mars are nearly
circular around the sun. It is proposed to launch an artificial
planet around the sun such that its apogee is at the orbit of
mars while its perigee is at the orbit of earth. Let 7,and 7, be
periods of revolution of earth and mars. Further the variables
are assigned the meanings as follows.

M, — Mass of earth

M, — Mass of Mars.

L, — Angular momentum of earth around the sun.
L, — Angular momentum of mars around the sun.
R, — Semi major axis of earth’s orbit.

R, — Semi major axis of mars orbit.

M — Mass of the artificial planet.

E, — is total energy of earth.

E,, — is total energy of mars.



GRAVITATION :@»

1.  Time period of revolution of the artificial planet about sun 6.  Find the time period for the motion in previous question

will be (neglect gravitational effects of earth and mars) R Y R 5
T,+T, (@) 2w |—+4, |— (b) 2w [—+2 [—
(@)~ ®) LT, g g g g
© =n \/E +2 % (d) None of these
T T 723 23 P2 g Vg
(C) e m (d) e @ m
1,+T, 2
PASSAGE-3
2. The total energy of the artificial planet’s orbit will be -
2M | R,E, 2M ( R,E, An intergalactic observation station is in a circular orbit of
@ M.\ R +R (b) M, \ R, +R, radius 0.04 AU around a black hole of mass 10 solar masses.
e e m

The observation station is constructed in the shape of a
dumbbell with two spheres 20 m in diameter, connected by a
hollow cylindrical beam of small cross section and 80 m
M, | R2+R2 long. [1 AU=1.5x 10! m]

2EM( R, +R 2EM| R, +R
© — [ ’”] d == ¢ o
M R

m m

3. Areal velocity of the artificial planet around the sun will be

(a) less than that of earth (b) more than that of mars A )
(¢) more than that of earth (d) same as that of the earth \\—\(\
\\:\
\Q\
PASSAGE-2 N
100m \ A
\,
W\
If a tunnel is dug across the earth passing through centre \tt\
and a particle is dropped from surface it perform SHM inside \>\_\
\4 \I \l
o . Radius = \__/
tunnel with time period, 7= 27

4.  Assume that a tunnel is dug across the earth (radius = R)
passing through its centre. Find the time, a particle takes to
reach centre of the earth, if it is projected into the tunnel

from surface of earth with speed needed for it to escape the
gravitational field of earth.

.2 1 2R
(a) sin_l(%) R? (b) sin l(ﬁ) ge ’A\\\l\l\/ \%A-

. 1 R,
(¢) sin |— e (d) None of these
g

: ‘

o

NG

. Th ital peri f the station i
5. If a particle is drop from height 4 (A << R) into the tunnel 7 ¢ orbital period of the station is

then choose the correct option — @ 7.99x10%s (b) 7.99%10%s

(a) Particle will perform SHM © 3.99x10%s (d) 7.99%10°s

(b) Particle will not perform SHM 8.  The tangential velocity of the station is

(c) Particle will perform periodic motion (@) 4.72x10%m/s (b) 2.72x10°m/s
(d) Both (b)and(c) © 472x105m/s ) 472x103m/s

T | 0000 [2 GO0 [ GO0 ¢ @GO |5 OO
Ll ¢ 0000 | - 0000 |5 @O0




The station is aligned in orbit so that the long axis of the
dumbbell is aligned radially with respect to the centre of the
black hole. If each of the spheres weighs 100 tonnes,
calculate the tension on the connecting beam.

(@ 1.124N (b) 0.124N (c) 3.114N (d) 0213N
If the alignment of the station is stable configuration, any
change in that alignment would have to result in forces
which cause the station to return to its stable alignment.
Calculate the magnitude of the gravitational forces which
would occur if the dumbbell axis were rotated 30° out of

11.

position.

(@) 2.66x107'N (b) 1.66x 102N

(c) 2.66x10*N (d) 2.66x 102N

The cylindrical beam is made of a titanium alloy which has a
yield strength of 830 MPa (mega Pascals). If the beam has a
diameter of 2.00 m and a wall thickness of 5 cm, calculate
how close the station can come to the black hole and not be
torn apart by the differential gravitational forces.

(@) 4.72x10%m. (b) 4.72x10%m.

(c) 4.72x103m. (d) 4.72x10%m.

foa)
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REASONING TYPE
In the following questions two Statements (1 and 2) are provided. Each question has 4 choices (a), (b), () and

@

(d) forits answer, out of which ONLY ONE is correct. Mark your responses from the following options:

© Statement-1is true but Statement-2is false.
(d) Statement-1isfalse but Statement-2 is true.

Both Statement-1 and Statement-2 are true and Statement-2 is the correct explanation of Statement-1.
Both Statement-1 and Statement-2 are true and Statement-2is not the correct explanationof Statement-1.

1. Statement -1: A balloon filled with hydrogen will fall with 5. Statement -1: We can not move even a finger without
g disturbing all the stars.
acceleration 3 of the moon. Statement -2 : Every body in this universe attracts every
other body with a force which is inversely
Statement-2: Moon has no atmosphere. proportional to the square of distance
2. Statement-1: The length of the day is slowly increasing between them.
Statement -2: The dominant effect causing a slowdown in 6. Statement -1: .Orbital Veloclity f)f a satellite is greater than
. . . its escape velocity.
the rotation of the e?lrth is the gravitational Statement-2: Orbit ofr; satellite f]s within the gravitational
pull of other planets in the solar system. field of earth whereas escaping is beyond
3. Statement -1: Generally the path of a projectile from the the gravitational field of earth.
earth is parabolic but it is elliptical for 7. Statement-1: If earth suddenly stops rotating about its
projectiles going to a very large height. axis, then the value of acceleration due to
e gravity will become same at all the places.
Statement -2 The path of a projectile is independent of Statement-2: The value of acceleration due to gravity is
the gravitational force of earth. independent of rotation of earth.
4. Statement -1: The time period of revolution of a satellite 8.  Statement-1: The square of the period of revolution of a

Statement -2 :

close to surface of earth is smaller than
that revolving away from surface of earth.
The square of time period of revolution of
a satellite is directly proportional to cube
of'its orbital radius.

Statement-2:

planet is proportional to the cube of its
mean distance from sun.

The intensity of the gravitational field of
the sun acting on the planet is proportional
to the mass of the sun and inversely
proportional to square of its distance from
the sun; it also acts towards the sun.
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GRAVITATION

9.

Statement-1: Gravitational potential due to earth at its
own centre is negative.

Statement-2: Gravitational field due to earth is vector
quantity.

10. Statement-1: A planet may orbit around a star either in

orbit P or orbit Q. The speed of a planet at
O is same for both orbits.

o

7

Statement-2 : The radius vector of point O from the sun
is same for both orbits P and Q.
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MULTIPLE CORRECT CHOICE TYPE

Each of these questions has 4 choices (a), (b), (c) and (d) for its answer, out of which ONE OR MORE is/are correct.

A particle is dropped from a height equal to the radius of the
earth into a tunnel dug through the earth along one of the
diameters as shown in the figure.

R

) 4

R: Radius of earth

M: Mass of earth

(a) Particle will oscillate through the earth to a heightR on
both sides

(b) Particle will execute simple harmonic motion

(¢) Motion of the particle is periodic

. . 2GM
(d) Particle passes the centre of earth with a speed R

The magnitudes of the gravitational field at distance | and
1, from the centre of a uniform sphere of radius R and mass
m are F'| and F, respectively. Then:

h_no
(a) FZ_E ify<Randr, <R

R_n
(b) Fzzr_z ify>Rand r, >R
1

H_n

©) FZ=E ifn>Rand rn, >R
A_i

(d) A r22 if 4 <Rand r, <R

Which of the following statements are true about
acceleration due to gravity ?
(a) gdecreases in moving away from the centre if ¥ > R
(b) g decreases in moving away from the centre if » < R
(c) gis zero at the centre of earth
(d) g decreases if earth stops rotating on its axis
A satellite is launched and attains a velocity of 30400 km/hr
relative to the centre of the earth at a height of 320km from
the earth’s surface. It has been guided into a path that is
parallel to the earth’s surface at burnout. Choose the correct
options
(a) Satellite moves along an elliptical orbit
(b) Longest distance from the earth’s surface is 3550 km.
(c) he period of revolution for the satellite is 2.09 hrs.
(d) The minimum escape velocity for this position of
launching is 10930.08 m/s
Imagine a light planet revolving around a very massive star
in a circular orbit of radius R with a period of revolution 7. If
the gravitational force of attraction between the planet and
the star is proportional to R-5/2
(@) T%is proportional to R
(b) 7% is proportional to R7/2
(c) T%is proportional to R32
(d) 7% is proportional to R¥73
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Which of the following statements is/are correct —

(@) The radius R of planet’s orbit and period 7 bear the
relation R2/T° = constant for all planets

(b) The gravitational potential energy of a satellite earth
system decreases as the period of the satellite
decreases.

(c) The period of an earth-stationary satellite, as observed
from earth, is infinite

(d) The mass of a body placed in a orbiting satellite
becomes zero

Consider an attractive central force of the form

k

F@r)y=- - k is a constant. For a stable circular orbit to
r

exist

() n=2 (b) n<3

(c) n>3 (d n=-1

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

Then :

(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
circle y? + 22 = 36.

(d) the gravitational potential is the same at all points on
the circle y2 + z2 =4.

For two satellites at distance R and 7R above the earth’s

surface, the ratio of their

(a) total energies is 4 and potential and kinetic energies
is2

(b) potential energies is 4

(c) Kkinetic energies is 4

(d) total energies is 4

D

10. A rocket starts vertically upwards with speed v,. Choose
the correct option(s) (R is the radius of the earth).
(a) Speed v at a height is given by

g -v? =28
I+—
R

(b) The maximum height reached by the rocket fired with a
speed of 90% of escape velocity is 2.26 R

(c¢) The maximum height reached by the rocket fired with a
speed of 90% of escape velocity is 4.26 R

(d) Speed v at a height is given by

2gh

vg—v2 = gh
I+—

2R

11. A communication earth satellite
(a) goes round the earth from east to west
(b) can be in the equatorial plane only
(c) can be vertically above any place on the earth
(d) goes round the earth from west to east

12. A satellite 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 § 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 varies periodically
with time.

(d) The linear momentum of S remains constant in
magnitude.

13. Titan, the largest satellite of Saturn has a radius 0f 2,575 km
and a mass of 1.36 x 1023 kg. The NASA Cassini probe has
measured its average surface temperature to be -178°C.
Which of the following gases would you expect to remain in
the atmosphere of Titan (A rule-of-thumb among
astronomers is that if the average speed is below 1/6 of the
escape velocity, the gas will remain for the age of the solar

system)
(a) ammonia (b) methane
(c) helium (d) hydrogen

£
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GRAVITATION :@

MATRIX-MATCH TYPE
Each question contains statements given in two columns, which have to be matched. The PqQr s t
statements in Column-I are labeled A, B, C and D, while the statements in Column-II are
labelled p, q, r, s and t. Any given statement in Column -1 can have correct matching with ONE ®@®®®
OR MORE statement(s) in Column-II. The appropriate bubbles corresponding to the @@@@@
answers to these questions have to be darkened as illustrated in the following example: @@@@@

OOOO®

o ow»

If the correct matches are A—p, s and t; B—q and r; C—p and q; and D-s and t; then the correct
darkening of bubbles will look like the given.

1.  Match the following
Column-I Column-II
A) O (p) O (v)is variation of gravitational potential for

a uniform volumetric spherical distribution of mass

B O (qQ) O (r)is variation of gravitational potential
for auniform spherical shell

i 4

O or) () Q(r)is variation of gravitational field intensity for a
uniform volumetric spherical distribution of mass

(s) QO (r)isvariation of gravitational field
intensity for a uniform spherical shell

0 : R r
Where Q (r) is magnitude of physical quantity as a function of r (distance from centre of spherical distribution of radius R)
2. Column I lists some parameter of the electron in the hydrogen atom. Column II lists their dependences with respect to the

principle quantum number 7. Match the entries in Column I with those in Column II.

Column I Column II

1
(A) Radius of the orbit ® =
1

(B) Momentum of the electron @ 2
n
(C) Time period of circular motion ® n
(D) Kinetic energy (s) n?

&

1. P qQr s 2. P qQr s

OO OO
®OOG ®OOG
0060, 0060,
OO0 OO0
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3.  Match the columns I and II

Column I Column IT
(A) Elliptical orbit of planet (p) Kinetic energy conservation
(B) Circular orbit of satellite (@9) Angular momentum conservation
(C) Escape velocity () Independent of mass of particle/satellite
(D) Orbital velocity (s) \/?

(t) Areal velocity constant
4.  Match the columns I and II
Column II

must be zero

Column I
(A) Kinetic energy of a body projected from surface of earth,  (p)
at large distance from surface of earth
(B) Gravitational potential energy of a bound system (qQ) may be zero
(C) Change in potential energy of a point mass if left free to (r) positive
itself, with time
(D) Change in areal velocity of earth as earth moves from (s) may be negative
apogee towards perigee
(t) must be negative

5.  Considering earth to be a homogeneous sphere but keeping in mind its spin, match the columns I and II correctly.

ColumnI Column II
(A) Acceleration due to gravity (p) May change from point to point
(B) Orbital angular momentum of the earth as seen from a (@) Does not depend on direction of projection

distant star
(C) Escape velocity from the earth (r) Remains constant
(D) Gravitational potential due to earth at particular point (s) Changes with time

(t) Depends on earth mass

3 pqut4pqut 5 P g9 r s t
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GRAVITATION

¢

NUMERIC/INTEGER ANSWER TYPE

The answer to each of the questions is either numeric (eg. 304, 40, 3010, 3 etc.)

or afraction (2/3,23/7) or a decimal (2.35,0.546).

The appropriate bubbles below the respective question numbers in the

response grid have to be darkened.

For example, if the correct answers to question X, Y & Z are 6092, 5/4 & 6.36
respectively then the correct darkening of bubbles will look like the

following.

Forsingle digitinteger answer darken the extreme right bubble only.

X Y Z
[0)0)] 00 0)0]
(010010 § (0101010 § (0XOX0LO!
[0][0] (0] (0] gle)(0] (0] (] § ©][6] 6] [©]
OIOIOID] [OIOIOID] [OIOIDID]
(@) (0] (@] (@] g(e](e](e) @) § @](e][e)] )
[©)(6](6](6] gl6][6](6] @] §6)O]E]©)
DIDIDID] IDIDIDID [DIDICDICH
RIOIOIO) 0| DA
OIOIOIO] [QIOIOIO] [QIOIOIO)
OIOIOID] [DIOIOID] [OIOIOIO)
PIOIOO] IOIOIBIO] [DIOIOIO

If the radius of the earth were to shrink by two percent, its
mass remaining the same, by how much percentage would
the acceleration due to gravity on the earth’s surface would
increase ?

The period of revolution of planet 4 around the sun is 8
times that of B. The distance of 4 from the sun is how many
times greater than that of B from the Sun?

Suppose earth’s orbital motion around the sun is suddenly
stopped. What time (in days) will the earth take to fall into

velocity from the earth. If the satellite is stopped suddenly
in its orbit and allowed to fall freely onto the earth, find the
speed (in m/s) with which it hits the surface of the earth.

A body is projected vertically upwards from the bottom of a

R
crater of moon of depth 100 where R is the radius of moon

with a velocity equal to the escape velocity on the surface
of moon. How many times of the radius of the moon is the
maximum height attained by the body from the surface of

the sun?
. L L . . the moon ?
An artificial satellite is moving in a circular orbit around the
earth with a speed equal to half the magnitude of escape
1. Q0 2. Q0 3. Q0 4. Q0 5. Q0

(0XOX0X0] (0XOX0X0] (0XOX0X0] (0XOX0X0] (0XOX0X0]
QIOIO|O] QIOIO|O] QIOIO|O] QIOIO|O] QIOIO|O]
OIOIWIQ) OIOIWIQ) OIOIWIQ) OIOIWIQ) OIOIWIQ)
MARK %@@@ %@@@ %@@@ %@@@ %@@@
A% [6)(6)] /6] [6)(6)] /6] [6)(6)] /6] [6)(6)] /6] [6)(6)] /6]
OUR QO[O QO[O QO[O QO[O QO[O
RESPONSE OIOIOIO) OIOIOIO) OIOIOIO) OIOIOIO) OIOIOIO)
OIOIOIO) OIOIOIO) OIOIOIO) OIOIOIO) OIOIOIO)
OlOIOIO) OlOIOIO) OlOIOIO) OlOIOIO) OlOIOIO)
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SINGLE CORRECT CHOICE TYPE

5. A-p,t; B-r,t; C-p,q,t; D1yt

IEIE NUMERIC/INTEGER ANSWER TYPE =————————

[ 1 [ 4] 2] 4] 3]6 ] 4[790] 5 ]9s5]

1|7 |@[13]@[19]®)|25]@ |31[D®)|37]|@]|43] W] 49| W)
2|l @ 8 |@|14[@]|20[{W@|[26]®)[32]@ [38|®)]|44] )] 50] (a
3|1 @Ol9|l®|15|@]|21|®) 27| @][33]@]|[39|@]|45] )] 51] (c)
4 |10l @]|16|@]|22|®) |28 @) |[34]@]|40]|®)]|46]|®)
s 10|11 l@|17|®]|23[@©@|29]M®)[35]@)|41]|®)]|47] @
6 |@|12|@]|18[®) |24 ()|[30] @ |36]|@]|42] @] 48] (a
COMPREHENSION TYPE
1| @] 3@ s5|@] 7|@] 9] b 11] ®
2 | (a 4 (a) 6 (a) 8 © | 10 | (d
REASONING TYPE
1 [ (@ ©] 5| @® ©1] 9]0
2 | (© @] 6 | (© (@ | 10 | (@
IEIE MULTIPLE CORRECT CHOICE TYPE
1 [(a,c,d)| 4 [(a,b,c,d)| 7 |(a,b,d)| 10 [(a,c)| 13 [(a, b)
2 | (ab) 5 (b) (a,c,d) [ 11 [(b, d)
3 (a, ¢) (b, ¢) 9 |(b,c,d)| 12 | (a)
IEIE MATRIX-MATCH TYPE
A-q; B-r; C-s; D-p 2. A-s; B-p; C-r; D-q
3. A-q, t; B-p,q, t; C-r; D-1,s 4. A-q,r; B-t; C-q,s; D-p




GRAVITATION

SINGLE CORRECT CHOICE TYPE

1. &)

<~

_

On earth, 7 =27 \/z
g
, /
Onmoon, 77 =21 |—
\ g¢

,_mg
but mg =—
u g 6

_8
or g 6

6/ .
s T'=2n|— =6 T =J6min (-+T =1min)

g
So, in actual time of 1 minute on earth, on moon its ticks
out = Qsec =24.5 sec

NG

The velocity v, of the satellite is given by

= .V, =
2 SO Us
Ty s

1 1 M M
K.E.=—m v2=—ms(G ); P.E.=—G i

Ty

GMm, msvs2 GM _
(®

Ty

GMmy
2r,

N

.. Total energy E=K.E.+P.E. =— ...(ii)

The angular momentum L is given by

L=mgyvr,

1/2
GM
=ms[ J r, = (GMm )" i)

Ty

From egs. (ii) and (iii), we get

By conservation of energy

_GMm+l£GM__GMm
Ry 2 N? 2Rg H
N*R;
= H= Nz—l

Rg

Altitude= H—-R= >
N° -1

4.

6.

©

b)

During total eclipse :
Total attraction due to sun and moon,
_ GM M, N GM, M,

2
n )

A

When moon goes on the opposite side of earth.
Effective force of attraction,

_GMM, GM,M,

2 r12 r22
. 2GM, M
Change inforce, AF=F-F=—73—%
n
Change in acceleration of earth
AF 2GM,,
A - —=
a Me }"22
F, GM,
Average force on earth, F, = =—5 %age change
M, i
in acceleration
2GM 2
A 100 = X1 x100
gy 15 s
2
M
=2| | Z2x100
] Ms
G d
o gp 2 Sm (gt x)
X dx
X
X
< %
dx

F=Gm|(A4+Bx)

X

F=Gm|:A(l— ! )+BL:|
a a+lL

(¢) A satellite revolving near the earth's surface has a time

period of 84.6 min.
We know that as the height increases, the time period
increases. Thus the time period of the spy satellite
should be slightly greater than 84.6 minutes.

T,=2hr



7. (a)

10. (a)

We know that intensity is negative gradient of potential,
i.e., [=—(dV/dr) and as here [ =— (K/r), so

K e Jar=k
dr r

r
or V-V,=Klog—

o

o ¥ =Klog—+V
o

If abody is projected with ( 2,/gR, ) greater than escape

velocity /2gR, then by conservation of energy

1

2 R

1 2
=—m() +0
2m(v)

e

2 2GM 5

=V _Vé'

e
ie, v/ =v2 —v2 = [4gR, —2gR, =\[2gR,
The escape velocity from earth is given by

v.= 2¢R, ()

The orbital velocity of a satellite revolving around earth
is given by

ie, (V) =v

GM,
07 (R, +h)
where, M, =mass of earth, R =radius of earth, & = height
of satellite from surface of earth.
By the relation GM = gR 62

Jer?

v

S Vo = .

0, T (ii)
Dividing equation (i) by (ii), we get

Ve 2R, +h)

Yo (Re)
Given, v = Ye,

2

2v, 2R, +h)

ve - Re
Squaring on both side, we get

2(R, +h) )

4= ———— orR +h=2R  ie,h=R,

Re
Angular momentum remains conserved during the
revolution of planet. Because gravitational force is a
central force.
Now

2 mvrz_L2
21

11. (a)

12. @

13. (a)

14. @

Since, L is constant, thererfore

1
K_E,ocl :>K.E.<><—2
1 r
E_i_1
E 2 16
v=R

g=gy— ®’R [g = at equator, g, = at poles]

2
2

V, =4/2g0R = 4v? =2

Gravitational potential at P, V), =

R
.mzR:g_o.vzzgo

2
=gyg—OR
2o ; D 5

J5R

Gravitational

_ —GM
potential at O, V = N

M,R
N J35R
T m
o———— — "= ol
By work energy theorem,

1
W=AK:>m[VP—VO]=Emv2

m GM _GM —lmvz M(I_L)
Using Kepler’s 274 law
4 J

iy [J=angular momentum]

A
Integrating, 2mF =J

. . G
Acceleration due to gravity g = F

G = gravitational constant, M = mass and
R =radius of earth

New radius R'=R — i = 2
100 100
o g GM _GMX(@)Z
g 99

Gl "
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= %changeing= -8

x 100

P 2
_ (100 -(99)"

2
100
=||—1 =1|x10 100
[(99) ] (99)*
= 1992><100f_vz%
99

15. (a) Work done, W= Uf— U.

1

I"f r;

1 1 1 1
=Gmm,| ———|=Gmm,| ——
4 rf xl x1+d
16. (@) A 2 _ AR _,
V2 7’1 R

2GM
v_v_e_ R _ |GM
2 2 \} 2R

17. )

If h is the height reached by the body, then by

conservation of mechanical energy

2

-GMm 1 GM —-GMm
+—m|,|—| = +0

R 2 2R R+h
S3_

4R R+h

an=X
3

-GM ,m
2}’0

18. (b TE=

Using conservation of angular momentum about O.

mvprp:varA:mvorocose
3VOI’0

v, r,=vr =——

A4 pp 5

19. O
20. (@
21. ()
22. ()
23. (o)

Using conservation of energy

1 -GM -GM 1
Emvf7 + e _ e _ 2

ry ) 2

9 2 2 2 2

A R PP
S0ry M4

= 9x?-50x+25=0

=x=50r(5/9)

v r
Vy I”p

GMm

”2

26MA2
Vmin =T

) GMm
mrey' = —

1 3
= MVYin —

2

x2=0

(GM=gR?)

_ (4nR)’ .’
n2 .R2
g'=64 nR?.

g

Since gravitational field intensity inside hollow sphere

M, will be zero.
So, gravitational force will be due to M only.
By conservation of angular momentum
mv, 2R)=mv, (4R)
v =2v,
By conservation of energy,
1 2 GMm 1 2
—myy ————=—mvy ————
2 2R 2 4R
From (1) and (2), we get

_ [am 2GM

GMm

r ___GMm (GMemJ GMm
17_ —_— —_— =
Re"'& Re 3Re
2
1 1 GM, GM
Ezz—mvg=—m. e Vel
2 2 p Re 3R,
E,
. —L=11
1)

(D)

(2



24. (d) Differentiating the equation of the curve w.r.t.  we get, Now, letv'; and v', be the velocities of the satellite at 4

2 5 and B while the transfer is pursued from orbit C; to C,.
2(@) =500 xﬂ Evidently, the points 4 and B will be the positions of
d dr* perigee and apogee for the satellite along its elliptical
2y 210t path.
or, _;’ _=X 0 — 4g. the effective 'g' = 5g. Conserving angular momentum
dt 500 v BR)=v', (6R)
25. (¢) The gravitational potential at a point Q (OQ = x) is »
given by = V)= 71
2 Conserving energy between 4 and B, we have
3 1x
B 5Ty [ Whena <R 1 GMm 1 GMm
V(x)= —m () - = om(vy)? -
(x) SO - =om)T - ==

R
—gsR(—), whenx > R
x

The energy required to project the body to a maximum
altitude of 3R from its surface, is

,2 v1/2 GM
9 ATy
m\ Vgl _R=VPls=ar |=gmesR.
2
w: oM, 2 [GM
- = = = = = =—y==,—
260 O F=F1+F)+F3+F4+Fs 4 3R 3V R

m m , 1 |GMm
3 TR

Now, change in energy required at point A

F 1 1
" F 3 " AE; =—mv1’2 ——mv12
2 2
F, F,
4 R R R
oA gy SR m g_)zﬁ
m F m 219 3 209 18
5
Similarly change in energy required at point B
Fol[Fs] ana ol ol 1l ek
- 2 2 206 9
F1=F3+2F, cos30°+2F cos60°
2 2 2 ﬂ(ﬁ)_"ﬂ
F3=GL2;F2=GL2;FI=GL2 2(18) " 36
4a 3a a
GM
G2 (5 1 28. (o) g:_Rz
F=——|——"+—1|=mu?
az 4 3 mm-a
- OM__
Gm(5 1 * 099r)?
0= |—|>+—
a4 3 5
- A
T oo | B T g (099R
Gm(5\3 +4)

. . o = g>g
27. (a) Letv, andv, be the velocity required for the satellite in

order to maintain its motion along the circular orbits  29- ) v, =2g.R, ; v, =28,R,
C, and C, respectively.

v g, R g R
GM GM —e=\/ e =\/ ¢ e =24
Then v = 3—Rand vy = R Vi gm Ry g, /6 R, /4
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30.

31.

b)

[\5]

R I’lR o v
|y | m
GM GM F=av

: mNR (\n 1)
NCET

Energy method : Total energy in circular orbit of radius ,

GMm
2r

E=-

dE GMm dr
Rate of change of energy = T = —2—25
p

Centripetal force = gravitational force

_GM e (GM)?a/Z

mv?  GMm 2
= =V

V=
r r2 r

-
Fromegq. (1),

_GMmdr _ (GM)*?
=da
22 dt 32

GMm

——— 5 dr=a(GM)*? dt
2r

—j 2%2 dr_j (GM)>' % dr
0

‘= VR —\R]=

(GM)3/2
B mR (\n 1)
- aNGM

Let the speed of the instrument package is v when it
grazes the surface of the planet.

(nR —R)

«/—M

Vo

m ?

Conserving angular momentum of the package about
the centre of the planet

mvy % SR sin (1t —0) = mvR sin 90°
= v=>5v,sin 0

32.

33.

34.

@

@

@

Conserving mechanical energy

GMm 1 2 GMm 1 2
- t—myy =— +—my
5R 2 R 2

4GMm 2 2 8GM
=20
5R 5R

Substituting the value of v from eq. (1) in equation (2)

8GM
SR

1
= Em(v2 —v(%) =

2503 sin? 0 —v§ =

0 =sin"! [l 1+
5
hI

Gauss law for gravitation

8GM
SVg R

_ oM
Jg.d:v':—mm.47cG > g=?

2xG—M><A—4M (hx A)x4nG = h=2—R
R? ERRS 3

L _d4

=— (L =angular momentum)
2m dt

'max "min =d_A .
2m dt ’
_2dA/di

Vimax = =40
"min

If M is the mass and R is the radius of earth, then the

density p = The spherical volume may be

i1tR3

3
supposed to be formed by a large number of their
concentric spherical shells. Let the sphere be
disassembled by removing such shells. When there is
a spherical core of radius x the energy needed to

disassemble a spherical shell of thickness dx is
G 4
Gmmy -y Ay
x 3
m, = mass of spherical shell of radius x and thickness
dx = 4mx2dx p.

dw =

G (: nx3p) (4nx2dxp)

X

16

LdW= =?Tc2p2Gx4dx




. Total energy required

-[16 2p2Gidx = 18

16 S
2p2G
3 5
0 0

16 2p2 GR :1_611:2 4L GR5=—
3 5 5 gnR3 5 R
But GM = gR?

W=———=§gM =%x10><2 5x10%!

=1.5%x1032]
35. (¢) For this (for a particle on its equator)

2

4
G—nﬁp
3 s

V2

30° _ 3rn
p47rG GT2
if T=1 second
p>1.4x10" kg/m?.

36. (a) For calculation of gravitational field intensity inside

the cavity.

@ e
‘ v

Gravitational field (%)
intensity without

cavity (1) T+7 =5
4 _ 4 .
- G(SWREJP(—H) B G(3TCR§)P(—F2)

11 = , [2 =
R R

I=L-1, (I - intensity inside the cavity)

4 4 -
= Ean [ +5] =§an€

37. (@) Ug=_%
= U, - U__GMm_ _ GMm
2R R
GM
AU = GMm ng { 2}
2R 2 R

38. (b) According to Kepler's law
L _R
R

3GM?

R =R; R-2
1 > 27 2
(RZ 3/2
= I,= o
1
3/2
R
=365 |:£ =129days
R
39. @
—
M
—> 8
R
m (T*d)
(M| R_a
_ GMd 8 J\ 2
(Ep)f R3 + (R 3
2)
R
GM | —
_ GMd (2) GMd GM
T T 3 3 op2
R R R 2R
GMm
Force= 3
40. ()

GM

V=,—

7

Distance of Jupiter from Sun is more than Earth.

1.e.,rj>re. vj<ve

41. )

Perigee Apogee
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According to the law of conservation of angular 46. (b) Remote half from the sun is the arc B'4'B.
momentum, mvr; =mv,r,

v_l_r_z_a(1+e)

v, 1/ a(l-e)’

where e is eccentricity of the earth’s orbit

(1+0.0167) _

= =1.034
(1-0.0167)
42. (a) Let the gravitational field be zero at a point distant x Let ¢ be the time of description of the arc B'A'B, therefore
from M. rate of description of the sectorial area SB’A'BS
GM,  GM, x M, _area SB’A’BS
2 @d-x)P 0 d-x M, t
Since the whole area of the ellipse is described in a
XA/ M, = M;d-x / M, year, therefore rate of description of the sectorial area

is
x[ My + M5 | = IMyd  area of the ellipse

d /—Ml . d M, a year

X = X=———
M|+ M, ° M| + M, Hence, area SB’A’BS _ area of the ellipse
Potential at this point due to both the masses will be t a year
GM, _ GM, t area SB’A’BS

or = -
year area of the ellipse

G M, (M+\/M_2) M, (\/E+\/M_2) %areaoftheellipse+ASBB'
+

X (d—x)

d Ml d Mz Tab

G 2 1 Tab + 1 2bae

:—g( M1+\¢M2) :—2 2 :l+£
Tab 2 n

G 1 1
=__(M1+M2+2\/M1\/M2) . t=(—+£)year=—year+£year

d - 2 n 2 T

43. (d Angular momentum ofthe planet about S is conserved. !

SO, mvr = constant. = 5 year +2 days nearly

v is maximum when 7 is minimum.
So, v is maximum at point P,. Hence K.E. is maximum at
P,
44. () FromKepler’slaw, 72 R3
Parking orbit, 12 o< R3
After missing, 72 o (3R)?

Solving e=1/60

47. () 4mr2dr=volume of an element of thickness dr-
The number of particles, n; = 4rr2dr. p, assuming p is
the number of particles per unit volume. The

acceleration due to gravity = %X r for each particle.

2 3
TT=27R =27 ; T=+27=3J3day

R3 ng= 4Tcr2drp.%r = 4n%pr3dr
4 GMm Mean acceleration of the particles due to gravity,
5. © E=- > X
r
J‘(4ngr3dr) p

dE GMm 1 dr _ o\ R 4mg R* o]

it 2r 2 dt @4/3)nRp R 4 (4/3)nR’
t GMm [ dr GMm[1 1 IS I 3
J.dIZ—— —2 = ——— :47'Cg,—>(—3:—g
0 2C 2% 2C |R r 4 (4/3)mR> 4



48.

49.

50.

@

@

@

This is the mean acceleration due to gravity.

z n;r
Average distance travelled by the particle is = y

i

R
J.41tr2drp.r
R 1
— 0 _
rzﬁ:r=4n7p4 3
— TR — TR
3P 3P
3
w_3p
= =7

_ 1_5 .
r :Eat where g = average acceleration

3, /2R
—gtt=>t= |—
4 g

D) 1/2 3 0.5

GM 2R.R 2R
CAaCIAG

R GM GM
Collision between particles is neglected. It is as if every
particle is moving unhindered with no other interaction
towards the centre. The density of particles P is very
small. Otherwise it will be making collisions like the
electrons hitting each other but moving under the
electric potential. Here it will be gravitational potential.
The model used is a simplified one.
By Kepler’s law
dd A L

dt T 2m

o | —

3
“R=
= 4

_2mA
T

The gravitational force of attraction between the stars
will provide the necessary centripetal forces.
In this case angular velocity of both stars is the same.

L

. . . 2n
Therefore time period remains the same. ((0 = 7)

Let P be the common point of the two parabolas where
the two particles collide. Let v, v, be the velocities of
m, and m, at the time of collision.

90°

Since the two paths are parabolic, therefore

2].1
2 2
Vi =— =V,

(distance)

After collision the two masses combine into one,
let V' be the velocity after impact of the single mass
(m; +m,).

By the principle of conservation of momentum the
resultant momentum must be the same after and before
the impact :

(at the point P)  ........... (D

Sy Amy) V= mivE e miv @)
because v, and v, are at right angles.

From (1) it is seen that v, = v; and then from (2), we
have

27,2 2, 2.2
(my +my) V" =(mi{ +my)vi

2 2

. m; +m
ie V? =1—22v12 ........... 3)

(my +my)

It is seen from (3) that after the collision the (velocity)?

2
becomes less than vlz, that is less than ?M , which is

the condition for describing an ellipse.

So after the collision the path will be an ellipse. Let 2a’
be its major axis.

For the path to be an ellipse,

21
r oa
At the point P, just after the collision v =V and r=R.
2 1
So, V2 =p|=-—
g (R a')

Substituting for 2 from (3), we have

m12+m22 2 (2 l)
PRVl
(m1+m2) R a



GRAVITATION

1.

Now substituting for v12 from (1), we have

m12+m§ 20 _ (2 L)
R a

(my +my)* R

2

that is, major axis = .R

1 mi+m; | 2 2mym, 2 iy
e (R s
(my +my) (my +my) 51. (¢) Inside the shell there will be no gravity. Hence,
o
v
COMPREHENSION TYPE
@ 72 p3
T2 = KR>;T? = kR> ;T* = kR®
R= R,+R,
2
23 23 T
2 _ e m
=>T"=k i /3 + k1/3 XE According to energy conservation
2 _GMm S (3A2—R2)m+lm(—2GM)
lT2/3+T2/3:| A 24 2 R
=>T7=|*+—F""—
2 3 3
A M A M M
AT (342 —R2)+?
GMM, GMM R R
@ Fe=T TR TR 1
e —4? =—5(3A2—R2)+R2
2R,E, M 2
= R R »_ 3 2 R 2
M, 2( e'; m) -4 __EA +7+R ; A=\/§R
sing = L 0= sin”! (LJ
_%(—R@ J E \/5 ’ \/5
- e
Me e (e (L) s () [k
(c) A.real velocity of the artificial planet around the sun o NEAT S B g
will be more than that of earth.
(@ We know if a particle is released (initial speed zero) T =sin~! (L] &
- 3\ g
from earth surface time period = 27 Radius _sowe 5. (@ Ataheight i from earth surface acceleration due to
g gravity is not proportional to distance from centre hence
imagine a earth of radius 4 from where particle is parFicl.e will not perform SHM but the motion will be
released and when it reaches at distance R from earth periodic.
centre its speed is v,. Mass of assumed earth of radius
isA. 6. (@

3
(4]
R

1 2h
h==g* =1= =
2 \ g

R R /Zh

Time period = 2n\/:+4t—2n\/:+4 ==

g g g



For a circular orbit, with the central mass much greater
than the satellite mass:
F =F__ . .
mcg;tér;fl: G ﬁ;ﬁ\;ﬂ;ﬁllonal
o=[GM/P]'2
=[6.67 x 10711 x 20 x 1030/(0.04 x 1.5 x 1011)3]1/2
©=7.86x107
Period=1/f=2n/w="7.99 x 10*s
Tangential Velocity=wr=4.72x 10°m/s
The tension in the beam is due to the difference in
gravitational force between the inner and outer sphere.

7= GMml _ GMm2
(R-AR)> (R+AR)?

GMm 1 ~ 1
~ R?> |(1-AR/R)*> (1+AR/R)?

As AR/ R <<1, we can use the binomial expansion on
both fractions.

_4GMmAR
R3

 4x6.67x107" x20x10% x100x10° x50

(0.04x1.5x10'")3

To calculate the displacement angle between one of
the spheres, the black hole and the radial axis, the
distance from the sphere to the radial axis D = AR
sin(30°)=25m.

D D
R—ARcos (30°) R
The restoring force perpendicular to the radial axis,

Then, sin (o) =

F| p4 (a component of the force of the black hole on
one sphere) is

GMmD

. =1.54x1072N
R

Mm .
Fm—%sm(a)z

The restoring force F, is a component of F'| p ,,

perpendicular to the axis of the observation station is

given by

Fip=F p,c0s(30°)=133x102N.

A similar restoring force acts on the other sphere.

As o’ = o, this force is equal to the force on the first

sphere, so the total restoring force is 2.66 x 102 N.

The maximum tension force £, . that can be applied

to the beam is given by

F,, . = Cross sectional area of beam x yield strength
=7 (1-0.95%)x 830 x 10°=2.54 x108 N

The distance of closest approach is given by :

4AGMmAR
Fmax = —3
R
or g3 AGMmAR
Fmax

R, =4.72x10%m.
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<%

REASONING TYPE

1. (@ A balloon will not experience any buoyant force on the
moon because it has no atmosphere, so it will have free
fall under gravitational pull of the moon with acceleration
equal to g,

2. (¢) The length of the day is slowly increasing not due to

gravitational pull of other planets in the solar system
but due to viscous force between the earth and the
atmosphere around it. So Statement-1 is true but
Statement-2 is false.

3.  (¢) Upto ordinary heights, the change in the distance of a
projectle from the centre of earth is negligible compared
to the radius of earth. Hence the projectile moved under
a nearly uniform gravitational force and the path is
parabolic. But for the projection moving to a large
height the gravitional forced decreases quite rapidly

1
(as F‘xr—z) . Under such a rapidly decreasing

variable force, the path of projectile become elliptical.

4. (a) The time period of satellite, T oc 3/2

or T e (R, +h)*'?
For a satellite revolving close to surface of earth 2 =0

- T o< R 32 Ttis evident that the period of revolution
e

of a satellite depends upon its height above the earth’s
surface. Greater is the height of a satellite above the
earth’s surface, greater is its period of revolution.

5. (@ Accordingto Newton’s law of gravitation, every body
in this universe attracts every other body with a force
which is inversely proportional to the square of the

10.

©

©

@)
)
@

distance between them. When we move our finger,
the distance of the object with respect to finger
changes, hence the force of attraction changes,
disturbing the entire universe, including stars.

The orbital velocity, if a satellite close to earth is

vy = +/&R, , While the escape velocity for a body

thrown from the earth’s surface is v, = \/2gR, .

N

V,
Thus —> = =

ve 2eR, 2

or wy,= x/ivo
i.e., if the orbital velocity of a satellite revolving close

to the earth happens to increase to \/5 times, the
satellite would escape.

The value of g at any place is given by the relation,
g'= g—Re(Jo2 cos® A

Where ) is angle of latitude and ® is the angular
velocity of earth. If earth suddenly stops rotating,
then

0=0 . g'=g

i.e., the value of g will be same at all places.
Statement-1 is true and Statement-2 is true and
Statement - 2 is correct explanation of Statement - 1
Statement — 1 is True, Statement — 2 is True; Statement
—21is NOT a correct explanation for Statement — 1.

Speed changes in elliptical orbit, angular momentum
remain same.

@E MULTIPLE CORRECT CHOICE TYPE

1. (a,c,d) The force outside the earth varies as inverse
square of the distance.
". Motion is not simple harmonic.
However, from symmetry of motion, the motion

will be periodic.
From COE

| ) GMm ( 3GMm
—my© =——

2 2R 2R

Lo [2GM
VAR
GM

2. (ab) For r> R, the gravitational field is F = —
p

GM
'Fl__

2

n

GM K 7
andF2:—2:>—=—2

75 F,

i . GM
For r <R, the gravitational field is F' = ? Xr

F GM>< iF y
L F ==X and Fy= —3Xn
1 R3 2 R3

K _n

F,



3. (a,¢)

R? R?
Ifr>R, g'=¢ s=8—
(R+h) r
Ifr<Rr, g= [R—_d]
r<r, § =8 R
where d is the depth below the surface of earth.
Ifd=R,g=0.

Further, due to rotation
g'=g—Ro? cos? A
If ® =0, then g increases.

4. (a, b, ¢, d) Given that the velocity of the satellite is

(b)

5
v=30400 x 13 m/s =8444.44 m/s

Let us calculate the orbital velocity v, for the
satellite to move along a circular orbit of height

320km.
GM _ |gR®
r r
642
- fwzwzs.n m/s
67210

S =30400km/hr

vy =

N

09 5
~~~~~~
______

N -
~. -
.....

Also, the escape velocity for the satellite in this

position is given by v, = v2 v, = 10930.08 m/s
Evidently, 7728.73 <8444.44<10930.08

ie., vo<v<y,

So, the satellite moves along an elliptical orbit,
with the position of launch as the perigee. (figure).
Let r,, . be the maximum distance of the satellite
from the earth’s centre, and v’ the corresponding
velocity.

From, conservation law of angular momentum and
energy between perigee and apogee, we have
8444.44 (672 x 10%) =v'( Toa)

ng 1 2 ng

and l(8444.44)2 —— =
2 672x10% 2 Fnax

(©)

(@

Eliminating v' from the above two equations, we
have

2
3565.43x10% ll—(ﬂ) }
r

- 9.8><(640><104)2[ 1 l}
10*

ﬁ_r'

rmax
104

2 2
= 3565.43x10% (ﬂ)
.

where »’ = m

4

7 — 672]
T2r

=4014.08><107|: -

r’= 672 =995m
0.675

= r'+672=1.675r'=>

ST =995 X 10%m
= The maximum height of the satellite

= Ve — R =9950—6400 = 3550 km.
The semi-major axis of the elliptical path will be

Frnax T Fimin :(995+672)X104m
2 2

a=

=833.5x10*m
From Kepler’s I1I'¢ law, of planetary motion,

3 3
a a
T:Zn,/— = T=2xn /_
GM ng
443
o T2 (833.5x10 2 .
9.8x(64x107)

=2x%3.14%1201.06 =7546.5 sec. =2.09 hrs.

The escape velocity is given by

v, =~/2vy =10930.08 m/s

The centripetal force is provided by the gravitational

force of attraction
mRw?>=GMmR™5"?

N mR x 4 _ GMm

=

(®,0)

T2 R5/2

T2 o R72

As per Kepler’s law, T2 o< R 3 as T decreases
. GMm

radius decreases, GPE = — decreases.
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7.

8.

(avb’d) F(r):7 in
r

(a,c,d)

k 1
(n=1) -1
If L is the angular momentum of the particle of
mass m in an orbit of radius 7, then

= U(r)=-[F(r)dr=-

rr
E B 2mr?
Since total energy E ()= U (r) + K (v)

Kinetic energy = =K(r)

LZ

2mr

:>E(r):—(n_l).rn_1+ >

The criterion that a circular orbit of radius 7, be
stable is that £ () is minimum.

For E (r) to be minimum, 2 conditions must be
fulfilled.

oE
= —
r

2
=0 anda—E

>0,
r=n arz

r=n

2
using both conditions (3—n)—>0
m

This is possible only when n < 3.

We also note that inverse square law belongs to
this category n =—1 also gives stable circular orbits
[Law of direct distance]. But n = 3 gives circular
orbits which are unstable [Inverse cube law]
The gravitational field intensity at the point O is
zero (as the cavities are symmetrical with respect
to O). Now the force acting on a test mass m,
placed at O is given by

F=myE=my;*x0=0

Now, y? + z* = 36 represents the equation of a
circle with centre (0, 0, 0) and radius 6 units the
plane of the circle is perpendicular to x-axis.

Since the spherical mass distribution behaves as
ifthe whole mass is at its centre (for a point outside
on the sphere) and since all the points on the
circle is equidistant from the centre of the sphere,
the circle is a gravitational equipotential.

The same logic holds good for option (d).

9.

10.

<<~

(b,c,d) Distances of the two satellites from the centre of

(a0

earth are | = 2R and r, = 8R respectively. (R =
earth’s radius). Their potential energies are :

" =_GmM and V, =_GmM
n )
Their ratio is : ﬂ= n_ ﬁ: 4
V2 7'1 2R

The kinetic energy of a satellite can be obtained
from relation

2
n__ GmM or K zlmvz = GmM
r r 2 2r
M
Thus, K= GmM and K,= Gm
2 2r

The ratio of their kinetic energies is

K, _r S8R

=== 4
Ky, n 2R
Their total energies are
GmM  GmM GmM
El = - + = -
i 25 25
and £, =_GmM_ermM =_GmM
5] 27‘2 27‘2

Their ratio is

K2 n ﬁ
El_ 5] _ 8R —4
E, 1r 2R

1
Kinetic energy on the surface of earth = Emvg

Potential energy on the surface of earth =

—-GMm
R

2 GMm

1
Total energy = ) mvy — R

1
Kinetic energy at a height 4 = Emv2

-GMm
(R+h)

Potential energy at this height =

2 GMm
Total energy = Emv T Rah
+

By the principle of conservation of energy,

GMm 1 o, GMm

0 ————

my =—my
2 R+h 2 R

1 5



1 GM GM
—(vg—v2)=——
2 R R+h
But GM = gR?
1 R>h
S 0f vy =
2 R(R+h)
vg _vz _ 2th _ 2g/;l
R+h 1
R

At maximum height v=0.
The initial velocity vy = (90%)v
then

2ghmax .
0.9.2gR)*> -0= ;
( gR) z

[ 4
R

0.9 .2gR

escape

h max

0.81R=

1+ max
R
0.81R+0.814, =h
0.194,, =081R

Maximum height reached by the rocket

h = O8IR =426R
max-—0.19

11.  (b,d) Satellite revolve in equatorial plane with same
angular velocity as that of earth in magnitude and
direction.

12. (@) Force on satellite is always towards earth,
therefore, acceleration of satellite S is always
directed towards centre of the earth. Net torque
of this gravitational force F about centre of earth
is zero. Therefore, angular momentum (both in
magnitude and direction) of S about centre of earth

is constant throughout. Since the force F is
conservative in nature, therefore mechanical
energy of satellite remains constant. Speed of S'is
maximum when it is nearest to earth and minimum
when it is farthest.

(a,b)  The escape velocity v, of an object from a planet
of radius R is obtained by setting the kinetic
energy of the object near the surface equal to the
gravitational potential energy difference between
the surface and infinity. As the mass of the atoms
and molecules m in this case is much smaller than
the mass of the satellite, we don’t need to use the
reduced mass of the system in the calculation.

2

mvg  GMm _ 0
2 R
1/2
2GM
Vv, = [GT] =2655m/s

The speed of a gas molecule or atom follows the
Maxwell-Boltzmann distribution. Their average
speed, as a function of temperature is given by:

my? _3kT

2 2
where k is Boltzmann’s constant and 7 the
temperature in Kelvin. The following table gives
the masses and average velocity for the gases in
the question.

Gas Mas Mass Average
(molar) (kg) speed

Ammonia (NH;) | 17.031 [2.83x10726 | 364 m/s

Methane (CH,) | 16043 |2.66x 10726 | 385m/s
Helium (He) 40026 | 6.65x 10727 | 770 m/s
Hydrogen (H,) [ 2016 |3.35x10727 | 1085m/s
Hydrogen (H) 1008 | 1.67x 10727 | 1534 m/s

As the Maxwell-Boltzmann distribution has a long
tail in the direction of higher speeds, even though
the average speed is below the escape velocity,
some molecules (atoms) of gas will escape. A rule-
of-thumb among astronomers is that if the average
speed is below 1/6 of the escape velocity, the gas
will remain for the age of the solar system.

So ammonia and methane will remain on Titan,
helium would for a shorter time but hydrogen
(molecular or atomic) will escape more quickly.

EE MATRIX-MATCH TYPE

1. A-q; B-r; C-s; D-p

2. A-s; B-p; C-r; D-q

3. A-q,t;B-p,q,t; C-r; D-r,s
Gravitational force due to planet or satellite is a central force,
hence, torque = 0 = Angular momentum conservation
Kepler’s 2" law = Constant areal velocity.

In elliptical orbit as distance from focus changes, speed
changes, hence KE, while in circular orbit speed remains
same hence KF.

2GM

Escape velocity = R

where M = Mass of planet
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GM

Orbital velocity = R

4. A-q,r; B-t; C-q,s; D-p

(A) Kinetic energy of a body projected from the surface of
earth at large distance may be zero (body momentarily
comes to rest) or positive.

(B) Gravitational potential energy of a bound system must
be negative.

(©) Change in potential energy of a point mass if left free
to itself, with time may be zero (point mass on horizon-
tal surface) or negative (point mass falling freely
vertically).

(D) Change in areal velocity of earth as earth moves from
apogee towards perigee is zero as areal velocity
remains constant according to Kepler’s second law.

A-p, t; B-r, t; C-p,q,t; D-r,t

Due to rotation

8o =80~ ®2R cos?h

.. g changes with A (altitude angle)

g, depends on earth mass

7 on earth = 0 = Angular momentum constant

Escape velocity is independent on direction of projection
but depends on earth mass and distance from earth centre.

GM

r

Gravitational potential, V' =—

At particular point it is constant but depends on mass.

EE NUMERIC/INTEGER ANSWER TYPE

1. 4
o= GM
R*’
of both the sides;
logg=logG+logM—-2logR

If R decreases then g increases. Taking logarithm

. L dg 2dR
Differentiating it we get E =0+0-——;

R
dg =_2 —2). 4
T g 100 ) 100

4
- % increasein g =§x100=—>< 100 = 4%
g 100

2. 4

2 3
Ty ) _ (R4
(TB J = ( Ry J (Kepler law);

(36

R
or 4=-4
Rp
R, =4Rg

65

When the earth’s motion is suddenly stopped, it would fall
into the sun and (suppose) it comes back. If the effect of
temperature of sun is ignored, we can say that the earth
would continue to move along a strongly extended flat ellipse
whose extreme points are located at the earth’s orbit and at
the centre of the sun.

The semi major axis of such ellipse is R/2.

now  ToZ[RTTL
Voo T2 LR

Where T is the time period of normal orbit of earth.

T2
T8

or 77

or T

, T
22

Now, time required to fall into the sun,

d r__365 =65 days

[=—=—+=
2 42 42

7920




For the satellite in the circular orbit, we have

mv> GMm

N

(R+H) "~ (R+h)

»  GM

= Y TRrin

2
( | 26M J
= —_— | — =
2\ R
GM  GM
2R R+h
= R+h=2R
= h=R
When the satellite is stopped, its kinetic energy is zero.

When it falls freely on to the Earth, its potential energy
decreases and converts into kinetic energy.

(P.E),~(P.E);=KE.
—GMm B ( —GMm )
2R R

GM

R+h

= lmv2
2

= v= ,/GTM;/g =9.8%6.4x10°

=7920 m/s

S.

99.5
Total energy at 4 = Total energy at B
(KE),+(P.E),=(P.E),

1 2GM |-GMm |, , (99R)2 GMm
= —mxT 3R | = V==
2 R 2R3 100 R+h

[ Y]

On solving, we get 7 =99.5 R.
The maximum height attained by the body from the
surface of the moon is 99.5 times the radius of the moon.

S



