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205Gravitation

6.1 Newton’s Law of Gravitation

Newton’s law of gravitation states that every body in this universe attracts  
	 every other body with a force, which is directly proportional to the product  
	 of their masses and inversely proportional to the square of the distance  
	 between their centres. The direction of the force is along the line joining the  
	 particles.

Thus the magnitude of the gravitational force F that two particles of masses 

m1 and m2 separated by a distance r exert on each other is given by 

or		  F	 =	

Also clear that  Which is Newton’s third law of motion.
Here G is constant of proportionality which is called ‘Universal gravitational  

	 constant’.

(i)	 The value of G is 6.67 × 10–11 N-m2 kg–2 in S.I and 6.67 × 10–8  
dyne– cm2g–2 in C.G.S. system.

(ii)	 Dimensional formula [M–1L3T–2].

(iii)	The value of G does not depend upon the nature and size of the bodies.

(iv)	It does not depend upon the nature of the medium between the two bodies. 

6.2 Acceleration Due to Gravity

The force of attraction exerted by the earth on a body is called gravitational  
	 pull or gravity.

The acceleration produced in the motion of a body under the effect of gravity  
	 is called acceleration due to gravity, it is denoted by g.

If M = mass of the earth and R = radius of the earth and g is the acceleration  
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	 due to gravity, then

∴ 		  g	 =	

(i)	 Its value depends upon the mass radius and density of planet and it is 
independent of mass, shape and density of the body placed on the surface 
of the planet.

(ii)	 Acceleration due to gravity is a vector quantity and its direction is always 
towards the centre of the planet.

(iii)	Dimension [g] = [LT–2]

(iv)	It’s average value is taken to be 9.8 m/s2 or 981 cm/sec2, on the surface 
of the earth at mean sea level.

6.3 Variation in g with Height

Acceleration due to gravity at height h from the surface of the earth

		  g	 =	

Also	 g′	 =	

			   =	 	 [As r = R + h]

(i)	 If h << R	 g′	 =	

(ii)	 If h << R. Percentage decrease .

6.4 Variation in g with Depth

Acceleration due to gravity at depth d from the surface of the earth

		  g′	 =	

also g′	  =	

(i)	 The value of g decreases on going below the surface of the earth.

(ii)	 The acceleration due to gravity at the centre of earth becomes zero.
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207Gravitation

(iii)	Percentage decrease .

(iv)	The rate of decrease of gravity outside the earth (if h << R) is double to 
that of inside the earth.

6.5 Gravitational Field

	 The space surrounding a material body in which gravitational force of 
attraction can be experienced is called its gravitational field.

	 Gravitational Field intensity : The intensity of the gravitational field of a 
material body at any point in its field is defined as the force experienced by 
a unit mass (test mass) placed at that point. If a test mass m at a point in a 

	 gravitational field experiences a force 

6.6 Gravitational Potential

	 At a point in a gravitational field potential V is defined as negative of work 
done per unit mass in shifting a test mass from some reference point (usually 
at infinity) to the given point.

	 Negative sign indicates that the direction of intensity is in the direction where 
the potential decreases.

		  Gravitational potential V	=	

6.7 Gravitational Potential Energy

	 The gravitational potential energy of a body at a point is defined as the 
amount of work done in bringing the body from infinity to that point against 
the gravitational force.

			   W	 =	
	 This work done is stored inside the body as its gravitational potential  

energy

	 ∴ 		  U	 =	

	 If r = ∞ then it becomes zero (maximum).

6.8 Escape Velocity

	 The minimum velocity with which a body must be projected up so as to 
enable it to just overcome the gravitational pull, is known as escape velocity.

I
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If ve is the required escape velocity, then

 

(i)	 Escape velocity is independent of the mass and direction of projection 
of the body.

(ii)	 For the earth,	 ve	 =	 11.2 km/sec

(iii)	A planet will have atmosphere if the velocity of molecule in its atmosphere 
is lesser than escape velocity. This is why earth has atmosphere while 
moon has no atmosphere.

6.9 Kepler’s laws of  Planetary Motion

(1)	 The law of Orbits : Every planet moves around the sun in an elliptical 
orbit with sun at one of the foci.

(2)	 The law of Area : The line joining the sun to the planet sweeps out equal 
areas in equal interval of time. i.e., areal velocity is constant. According 
to this law planet will move slowly when it is farthest from sun and more 
rapidly when it is nearest to sun. It is similar to law of conservation of 
angular momentum.

		 Areal velocity	  	 =	 	

(3)	 The law of periods : The square of period of revolution (T) of any planet 
around sun is directly proportional to the cube of the semi-major axis of 
the orbit.

T2 ∝ a3 or T2 ∝ 

	 where a = semi-major axis

           r1 = Shortest distance of planet from sun (perigee).

           r2 = Largest distance of planet from sun (apogee).
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209Gravitation

•	 Kepler’s laws are valid for satellites also.

6.10 Orbital Velocity of Satellite

⇒		  v	 =	              	  [r = R + h]

(i)	 Orbital velocity is independent of the mass of the orbiting body.

(ii)	 Orbital velocity depends on the mass of planet and radius of orbit.

(iii)	Orbital velocity of the satellite when it revolves very close to the surface 
of the planet, (earth is) 

		  v	 =	  
[r R h]
[h 0]
= +
=

6.11 Time Period of Satellite

		  T = 	 =	 	 [As r = R + h]

(i)	 Time period is independent of the mass of orbiting body

(ii)	 T2 ∝ r3 (Kepler’s third law)

(iii)	Time period of nearby satellite, 
RT 2
g

= π

	 For earth	 T	 =	 84.6 minute ≈ 1.4 hr.

6.12 Height of Satellite

		  h	 =	

6.13 Geostationary Satellite

	 The satellite which appears stationary relative to earth is called geostationary 
or geosynchronous satellite, communication satellite.

	 A geostationary satellite always stays over the same place above the earth. 
The orbit of a geostationary satellite is known as the parking orbit.

	 (i)	 It should revolve in an orbit concentric and coplanar with the equatorial  
	 plane.

(ii)	 It sense of rotation should be same as that of earth.

(iii)	Its period of revolution around the earth should be same as that of earth.
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(iv)	Height of geostationary satellite from the surface of earth h = 6R = 36000 
km.

(v)	 Orbital velocity v = 3.08 km/sec.

(vi)	Angular momentum of satellite depend on both the mass of orbiting and 
planet as well as the radius of orbit.

6.14 Energy of Satellite

(1)	 Potential energy : U = 

(2)	 Kinetic energy : K = 

(3)	 Total energy : E = U + K = 

(4)	 Energy graph for a satellite

(5)	 Binding Energy : The energy required to remove the satellite its orbit 
to infinity is called Binding Energy of the system, i.e.,

		  Binding Energy (B.E.)	 = 

6.15 Weightlessness

	 The state of weightlessness (zero weight) can be observed in the following 
situations.

(1)	 When objects fall freely under gravity

(2)	 When a satellite revolves in its orbit around the earth

(3)	 When bodies are at null points in outer space. The zero gravity region 
is called null point.
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211Gravitation

Very Short  Answer  Type  Questions  (1 Mark)

	 1.	 The mass of moon is nearly 10% of the mass of the earth. What will be the 
gravitational force of the earth on the moon, in comparison to the gravitational 
force of the moon on the earth ?

	 2.	 Why does one feel giddy while moving on a merry go round ?

	 3.	 Name two factors which determine whether a planet would have atmosphere 
or not.

	 4.	 The force of gravity due to earth on a body is proportional to its mass, then 
why does a heavy body not fall faster than a lighter body ?

	 5.	 The force of attraction due to a hollow spherical shell of uniform density on a 
point mass situated inside is zero, so can a body be shielded from gravitational 
influence ?

	 6.	 The gravitational force between two bodies in 1 N if the distance between 
them is doubled, what will be the force between them ?

	 7.	 A body of mass 5 kg is taken to the centre of the earth. What will be its  
(i) mass, (ii) weight there.

	 8.	 Why is gravitational potential energy negative ?

	 9.	 A satellite revolves close to the surface of a planet. How is its orbital velocity 
related with escape velocity of that planet.

	10.	 Two satellites A and B are orbiting around the earth in circular orbits of the 
same radius and mass of A is 16 times that of B. What is the ratio of the 
period of revolution of B to that of A ?

	11.	 Identify the position of sun in the following diagram if the linear speed of 
the planet is greater at C than at D.

	12.	 A satellite does not require any fuel to orbit the earth. Why ?

	13.	 A satellite of small mass burns during its descent and not during ascent.  
Why ?
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Physics Class XI212

	14.	 Is it possible to place an artificial satellite in an orbit so that it is always 
visible over New Delhi ?

	15.	 If the density of a planet is doubled without any change in its radius, how 
does ‘g’ change on the planet.

	16.	 Why is the weight of a body at the poles more than the weight at the  
equator ? Explain.

	17.	 Why an astronaut in an orbiting space craft is not zero gravity although he 
is in weight lessness ?

	18.	 Write one important use of (i) geostationary satellite, (ii) polar satellite.

	19.	 A binary star system consists of two stars A and B which have time periods TA 
and TB, radius RA and RB and masses mA and mB which of the three quantities 
are same for the stars. Justify.

	20.	 The time period of the satellite of the earth is 5 hr. If the separation between 
earth and satellite is increased to 4 times the previous value, then what will 
be the new time period of satellite.

	21.	 Why does the earth impart the same acceleration to every bodies ?

	22.	 If suddenly the gravitational force of attraction between earth and satellite 
become zero, what would happen to the satellite ?

Short  Answer  Type  Questions  (2 Marks)

	23.	 If the radius of the earth were to decreases by 1%, keeping its mass same, 
how will the acceleration due to gravity change ?

	24.	 Which of the following symptoms is likely to affect an astronaut in space  
(a) swollen feet, (b) swollen face, (c) headache, (d) orientation problem.

	25.	 A satellite is moving round the earth  with velocity v0 what should be the 
minimum percentage increase in its velocity so that the satellite escapes.

	26.	 The radii of two planets are R and 2R respectively and their densities ρ and 
ρ/2 respectively. What is the ratio of acceleration due to gravity at their 
surfaces ?
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213Gravitation

	27.	 If earth has a mass 9 times and radius 4 times than that of a planet ‘P’. 
Calculate the escape velocity at the planet ‘P’ if its value on earth is  
11.2 kms–1.

	28.	 At what height from the surface of the earth will the value of ‘g’ be reduced 
by 36% of its value at the surface of earth.

	29.	 At what depth is the value of ‘g’ same as at a height of 40 km from the surface 
of earth.

	30.	 The mean orbital radius of the earth around the sun is 1.5 × 108 km. Calculate 
mass of the sun if G = 6.67 × 10–11 N m2/kg–2 ?

	31.	 Draw graphs showing the variation of acceleration due to gravity with  
(i) height above earth is surface (ii) depth below the earth’s surface.

	32.	 A rocket is fired from the earth towards the sun. At what point on its path is 
the gravitational force on the rocket zero ? Mass of sun = 2 × 1030 kg, mass 
of the earth = 6 × 1024 kg. Neglect the effect of other planets etc. Orbital 
radius = 1.5 × 1011 m.

	33.	 If the earth is one half its present distance from the sun. How many days will 
be present one year on the surface of earth will change ?

	34.	 A body weighs 63 N on the surface of the earth. What is the gravitational 
force on it due to the earth at a height equal to half the radius of the earth ?

	35.	 Why the space rockets are generally launched west to east ?

	36.	 Explain why a tennis ball bounces higher on hills than in plane ?

	37.	 The gravitational force on the earth due to the sun is greater than moon. 
However tidal effect due to the moon’s pull is greater than the tidal effect 
due to sun. Why ?

	38.	 The mass of moon is  (where M is mass of earth). Find the distance of 

		  the point where the gravitational field due to earth and moon cancel each 
other. Given distance of moon from earth is 60 R, where R is radius of earth.
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	39.	 The figure shows elliptical orbit of a planet m about the sun S. The shaded 
area of SCD is twice the shaded area SAB. If t1 is the time for the planet to 
move from D to C and t2, is time to move from A to B, what is the relation 
between t1 and t2 ?

	40.	 Calculate the energy required to move a body of mass m from an orbit of 
radius 2R to 3R.

	41.	 A man can jump 1.5 m high on earth. Calculate the height he may be able 
to jump on a planet whose density is one quarter that of the earth and whose 
radius is one third of the earth.

Short  Answer  Type  Questions  (3 Marks)
	42.	 Define gravitational potential at a point in the gravitational field. Obtain a 

relation for it. What is the position at which it is (i) maximum (ii) minimum.

	43.	 Find the potential energy of a system of four particles, each of mass m, placed 
at the vertices of a square of side. Also obtain the potential at the centre of 
the square.

	44.	 Three mass points each of mass m are placed at the vertices of an equilateral 
triangle of side I. What is the gravitational field and potential at the centroid 
of the triangle due to the three masses.

	45.	 Briefly explain the principle of launching an artificial satellite. Explain the 
use of multistage rockets in launching a satellite.

	46.	 In a two stage launch of a satellite, the first stage brings the satellite to a height 
of 150 km and the 2nd stage gives it the necessary critical speed to put it in a 
circular orbit. Which stage requires more expenditure of fuel ? Given mass 
of earth = 6.0 × 1024 kg, radius of earth = 6400 km.

	47.	 The escape velocity of a projectile on earth’s surface is 11.2 kms–1. A body is 
projected out with thrice this speed. What is the speed of the body far away 
from the earth ? Ignore the presence of the sun and other planets.
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215Gravitation

	48.	 A satellite orbits the earth at a height ‘h’ from the surface. How much 
energy must be expended to rocket the satellite out of earth’s gravitational  
influence ?

	49.	 Define gravitational potential. Give its SI units.

	50.	 What do you mean by gravitational potential energy of a body ? Obtain an 
expression for it for a body of mass m lying at distance r from the centre of 
the earth.

	51.	 What is the minimum energy required to launch a satellite of mass m kg from 
the earth’s surface of radius R in a circular orbit at an altitude of 2R ?

Long  Answer  Type  Questions  (5 Marks)

	52.	 What is acceleration due to gravity ?

		  Obtain relations to show how the value of ‘g’ changes with (i) altitude,  
(ii) depth.

	53.	 Define escape velocity obtain an expression for escape velocity of a body 
from the surface of earth ? Does the escape velocity depend on (i) location 
from where it is projected (ii) the height of the location from where the body 
is launched.

	54.	 State Kepler’s three laws of planetary motion. Prove the second and third 
law. Name the physical quantities which remain constant during the planetary 
motion.

	55.	 Derive expression for the orbital velocity of a satellite and its time period. 

		  What is a geostationary satellite. Obtain the expression for the height of the 
geostationary satellite.

	56.	 State and derive Kepler’s law of periods (or harmonic law) for circular orbits.

	57.	 A black hole is a body from whose surface nothing may ever escape. What 
is the condition for a uniform spherical mass M to be a black hole ? What 
should be the radius of such a black hole if its mass is the same as that of the 
earth ?
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Numericals

	58.	 The mass of planet Jupiter is 1.9 × 1027 kg and that of the sun is 1.99 × 1030 
kg. The mean distance of Jupiter from the Sun is 7.8 × 1011 m. Calculate 
gravitational force which sun exerts on Jupiter, and the speed of Jupiter.

	59.	 A mass ‘M’ is broken into two parts of masses m1 and m2. How are m1 and 
m2 related so that force of gravitational attraction between the two parts is 
maximum.

	60.	 If the radius of earth shrinks by 2%, mass remaining constant. How would 
the value of acceleration due to gravity change ?

	61.	 A body released at the distance r (r > R) from the centre of the earth. What 
is the velocity of the body when it strikes the surface of the earth ? 

	62.	 How far away from the surface of earth does the acceleration due to gravity 
become 4% of its value on the surface of earth ? Radius of earth = 6400 km.

	63.	 The gravitational field intensity at a point 10,000 km from the centre of the 
earth is 4.8 N kg–1. Calculate gravitational potential at that point.

	64.	 A geostationary satellite orbits the earth at a height of nearly 36000 km. 
What is the potential due to earth’s gravity at the site of this satellite (take 
the potential energy at ∞ to be zero). Mass of earth is 6 × 1024 kg, radius of 
earth is 6400 km.

	65.	 Jupiter has a mass 318 times that of the earth, and its radius is 11.2 times the 
earth’s radius. Estimate the escape velocity of a body from Jupiter’s surface, 
given that the escape velocity from the earth’s surface is 11.2 km s–1.

	66.	 The distance of  Neptune and Saturn from the sun is nearly 1013 m and 1012 
m respectively. Assuming that they move in circular orbits, then what will 
be the ratio of their periods.

	67.	 Let the speed of the planet at perihelion P in fig be vp and Sun planet distance 
SP be rp. Relate (rA, vA) to the corresponding quantities at the aphelion  
(rA, vA). Will the planet take equal times to traverse BAC and CPB ?
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MULTIPLE CHOICE QUESTIONS

68.	 If both the mass and radius of the earth, each decreased by 50%, the 
acceleration due to gravity would

	 (a)	 remains same	 (b) 	 decreases by 50%

	 (c)	 decreases by 100%	 (d) 	 increases by 100%

69.	 A body is suspended on a spring balance in a ship sailing along the equator 
with speed V. If w is the angular speed of the earth and wo is the scale reading 
when ship is at rest, the scale reading when the ship is sailing is

	 (a)	 w0	 (b) 	 zero

	 (c)	 0
2wvW 1

g
 
± 

 
	 (d) 	 0

gW 1
2w

 − 
 

70.	 The maximum vertical distance through which a full dressed astronaut can 
jump on the earth is 0.5m. Estimate the maximum vertical distance through 
which he can jump on the moon, which has mean density 2

3
rd that of the 

earth and radius one quarter that of the earth

	 (a)	 1.5 m	 (b) 	 3 m

	 (c)	 6 m	 (d) 	 7.5 m

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

	 (a)	
2 2 2 2

2 3 22

GM 3GM 2GM 3GM
R R R2R	 (b) 	

2 2 2 2

2 3 22

GM 3GM 2GM 3GM
R R R2R

	 (c)	
2 2 2 2

2 3 22

GM 3GM 2GM 3GM
R R R2R 	 (d) 	

2 2 2 2

2 3 22

GM 3GM 2GM 3GM
R R R2R

72.	 A satellite of mass ms revolving in a circular orbit of radius rs round the 
earth of mass M, has total energy E. Than it's angular momentum will be

	 (a)	 (2E ms rs)
½	 (b) 	 (2E ms rs)

	 (c)	 (2E ms rs
2)½	 (d) 	 (2E ms rs

2)

73.	 A mass M splits in to two parts m and (M-m), which are separated by a 
certain distance. The ratio m/M which maximizes the gravitational force 
between the parts is

	 (a)	 1 : 4	 (b) 	 1 : 3

	 (c)	 1 : 2	 (d) 	 1 : 1
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74.	 If one moves from the surface of the earth to the moon, what will be the 
effect on it's weight

	 (a)	 Weight of the person decreases continuously with height from the  
		 surface of the earth

	 (b) 	 Weight of the person increases with height from the surface of earth

	 (c)	 Weight of a person first decreases with height and then increases  
		 with height from surface of earth

	 (d)	 Weight of person first increases with height and then decreases with  
		 height from the surface of earth

75.	 A satellites goes along an elliptical path around earth. The rate of change of 
area swept by the line joining earth and the satellite is proportional to

	 (a)	 r1/2	 (b) 	 r

	 (c)	 r3/2	 (d) 	 r2

76.	 The change in the value of 'g' at a height 'h' above the surface of the earth 
is same as at a depth 'd' below the surface of earth. When both 'd' and 'h' are 
much smaller than the radius of earth, then which one of the following in 
correct?

	 (a)	
h 3hd d
2 2

= =	 (b) 	h 3hd d
2 2

= =

	 (c)	 d = 2h	 (d) 	 d = h

77.	 Two bodies of mass 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) 	
4 Gm 6 Gm 9 Gm

r r r
− − −

	 (c)	4 Gm 6 Gm 9 Gm
r r r

− − −	 (d) 	4 Gm 6 Gm 9 Gm
r r r

− − −

78.	 When a body is taken from poles to equator on the earth, its weight

	 (a)	 increases	

	 (b) 	 decreases

	 (c)	 remains same	

	 (d) 	 increases at south pole and decreases at north pole
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79.	 A man weights 60 kg at earth's surface. At what height above the earth's 
surface weight becomes 30 kg. Given radius of earth is 6400 km.

	 (a)	 2624 km	 (b) 	 3000 km

	 (c)	 2020 km	 (d) 	 None the these

80.	 There are two bodies of masses 1 kg and 100 kg reporated by a distance 
1 m. At what distance from the smaller body, the intensity of gravitational 
field will be zero

	 (a)	
1 1 1 10m m m m
9 10 11 11	 (b) 	

1 1 1 10m m m m
9 10 11 11

	 (c)	1 1 1 10m m m m
9 10 11 11

	 (d) 	1 1 1 10m m m m
9 10 11 11

81.	 A particle falls towards earth from infinity. It's velocity on reaching the earth 
would be

	 (a)	 infinity	 (b) 	2 gR 2gR

	 (c)	 2 gR 2gR	 (d) 	 zero

82.	 If g is the acceleration due to gravity on the earth's surface, the gain in 
potential energy of on object of mass m raised from the surface of earth to 
a height equal to radius R of the earth is 

	 (a)	 1 1
4 2

mgR	 (b) 	1 1
4 2

mgR

	 (c)	 2mgR	 (d) 	 mgR

83.	 Energy required to move a satellite of mass m from an orbit of radius 2R to 
3R is, (M mass of earth)

	 (a)	 2 2

GMm GMm GMm GMm
12 R 3 R 8 R 6 R	 (b) 	2 2

GMm GMm GMm GMm
12 R 3 R 8 R 6 R

	 (c)	
2 2

GMm GMm GMm GMm
12 R 3 R 8 R 6 R

	 (d) 	
2 2

GMm GMm GMm GMm
12 R 3 R 8 R 6 R

84.	 If mass of a body is M on the surface of earth, then the mass of the same 
body on the moon surface is

	 (a)	 M/6	 (b) 	 zero

	 (c)	 M	 (d) 	 None of these
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85.	 A body weighed 250N on the surface. Assuming the earth to be a sphere 
of uniform mass density, how much would it weigh half way down to the 
centre of earth

	 (a)	 240 N	 (b) 	 210 N
	 (c)	 195 N	 (d) 	 125 N

86.	 If the earth stop moving around its polar axis, then what will be the effect 
on the weight of a body placed at the south pole?

	 (a)	 Remains same	 (b) 	 Increases
	 (c)	 Decreases but not zero	 (d) 	 Decreases to zero

ASSERTION - REASON BASED QUESTIONS

		  Direction for Q.No. 1 to Q.No. 12
		  The following questions from 1 to 12 consists of two statements each, 

labelled as Assertion (A) and the other labelled as Reason (R). While 
answering these questions, you are required to choose any of the following 
from options (a), (b), (c) & (d).

	 (a)	 If both A & R are true and R is the correct explanation of A.
	(b)	 If both A & R are true but R is not the correct explanation of A.
	 (c)	 If A is true but R is false.
	(d)	 If A is false and R is also false.

1.		  Assertion (A) : The time period of revolution of a satellite close to surface 
of earth is smaller than that revolving away from the surface of earth. 

		  Reason (R) : The square of time period of revolution of a satellite is directly 
proportional to cube of its orbital radius.

2.		  Assertion (A) : We can not move even a finger without disturbing all the 
stars.

		  Reason (R) : Every body in this universe attracts every other body with 
a force which is inversely proportional to the square of distance between 
them.

3.		  Assertion (A) : Angular speed, linear speed and KE change with time but 
angular momentum remains constant for a planet orbiting the sun. 

		  Reason (R) : Angular momentum is constant as no torque acts on the 
planet.
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4.		  Assertion (A) : An artificial satellite moving in a circular orbit around 
the earth has a total energy (i.e. sum of potential & kinetic energy) E. Its 
potential energy –E. 

		  Reason (R) : Potential energy of the body at a point in a gravitational field 

of earth is GMm
2R

−  .

5.		  Assertion (A) : The comets do not obey Kepler's Laws of planetary motion. 

		  Reason (R) : The comets do not have elliptical orbits.

6.		  Assertion (A) : The square of the period of revolution of a planet is 
proportional to the cube of its distance from the sun.  

		  Reason (R) : Sun's gravitational field is inversely proportional to the square 
of its distance from the planet. 

7.		  Assertion (A) : The earth without its atmosphere would be inhospitably 
cold. 

		  Reason (R) : All heat would escape in the absence of atmosphere. 

8.		  Assertion (A) : The difference in the value of acceleration due to gravity 
at pole and equator is proportional to square of angular velocity of earth. 

		  Reason (R) : The value of acceleration due to gravity is minimum at the 
equator and maximum at the pole. 

9.		  Assertion (A) : At the centre of earth a body has centre of mass, but no 
centre of gravity.

		  Reason (R) : This  is because g = 0 at the centre of the earth.

10.		 Assertion (A) : An astronaut in an orbiting space station above the earth 
experiences weightlessness. 

		  Reason (R) : An object moving around the earth under the influence of 
earth's gravitational force is in a state of free fall.

11.		 Assertion (A) : Linear momentum of a planet does not remain conserved. 
		  Reason (R) : Gravitational force acts on it.

12.		 Assertion (A) : Kepler's second law can be understood by conservation of 
angular momentum principle. 

		  Reason (R) : Kepler's second law is related with areal velocity which can 
further be proved to be based on conservation of angular momentum as 

2dA 1 r .
dt 2

= ω
.
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CASE STUDY BASED QUESTIONS

1.		  Universal Law of Gravitation :-
		  Careful observations are the hallmarks of great discoveries and inventions. 

Isaac Newton observed that an apple fell from a tree towards the earth. 
This simple observation led him to propose an important law known as 
Newton Law of Gravitation. He proposed that all particles or objects in 
the universe attract each other as the earth attracts the apple.  

		  Gravitation or gravitational force is the weakest of all the four basic forces 
in nature. Gravity is the special case of gravitation.	

		  (i)	 The force of gravitation is
			   (a) repulsive 	 (b) electro-state		
			   (c) conservative  	 (d) non-conservative

		  (ii)	 The gravitational force between the two point masses does not  
depend upon

			   (a) product of the two masses 	
			   (b) distance of separation between the two masses             		
			   (c) medium separating the two masses  	
			   (d) None the above

		  (iii)	 The dimensional formula for 'G' universal gravitation constant is  
			   (a) [M–1L3T–2]       	 (b) [M–1L2T–2]       
			   (c) [M–1L3T–3]       	 (d) [M–1L2T–3] 

		  (iv)	 strongest force among the following four forces is    
			   (a) electrostatic force 	 (b) gravitational force		
			   (c) nuclear force  	 (d) magnetic force

		  (v)	 Two spheres of masses m and M are situated in air and the gravitational 
force between them is F. The space around the masses is now filled 
with a liquid of relative density 3. The gravitational force will be  

			   (a) 3F           (b) F
3

          (c) F           (d) F
9

2.		  Kepler's Law of Planetary Motion :-
		  To test the validity of Copernicus model (Heliocentric model), the great 

Danish astronomer Tycho Braho made extra-ordinary observations by 
studying the motions of planets and stars without the aid of telescope.
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223Gravitation

		  This data was critically analysed by Johannes Kepler. From these complicated 
data; Kepler deduced simple relations that governed planetary motion. 
These are three famous laws of Kepler which strongly supported the 
Copernicus model of solar system and played major role in the discovery of  
Newton's Law of Gravitation. The laws are (i) Law of orbits  (ii) Law of 
areas  (iii) Law of periods    

 		  (i)	 Kepler 's  second law is the consequence of the law of  
	 conservation of   

			   (a) linear momentum  	 (b) energy		
			   (c) angular momentum  	 (d) mass

		  (ii)	 The distance of two planets from the sun are 1013m & 1012m 
respectively. The ratio of then time periods are  

			   (a) 10 2 :1       (b) 1:10 9        (c) 1 : 1       (d) 103 : 1

		  (iii)	 The different positions of a planet around the sun in an elliptical orbit 
are shown by A, B & C. If v1, v2 & v3 be the tangential speeds of 
the planet at A, B & C respectively, then    

			   (a) v1 = v2 = v3	
			   (b) v1 > v2 > v3               S

B

C A

v
2

v
3

v
1

 
			   (c) v1 < v2 < v3                   	
			   (d) v1 = v2 > v3 

		  (iv)	 If the distance between the earth and the sun were one third of its 
present value, the number of days in a year would have been    

			   (a) increased 	 (b) decreased
			   (c) remains same 	 (d) cannot say

		  (v)	 A planet moves around the sun in an elliptical orbit with the sun at 
one of its foci. The physical quantity associated with the motion of 
the planet that remains constant with time is  

			   (a) velocity 	 (b) centripetal force
			   (c) linear momentum 	 (d) angular momentum

3.		  Acceleration due to gravity and its variation with altitude & depth :-
		  Relation between g and G : Where symbols have their usual meaning.
			        e

2
e

GMg
R

=
         Me = Mass of the earth

			                               Re = Radius of the earth

		  This relation gives acceleration due to gravity at the surface of the earth. 
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The value g is independent of mass, size and shape of the body falling 
under gravity but g varies with altitude and depth & depends on shape of 
the earth and rotation of the earth.

		  (i)	 Which of the following graph shows the correct variation of acceleration  
	 due to gravity with distance from the centre of the earth :	

g

O rr

(i)

g

O R

(ii)

g

O r

(iii)

g

O R

(iv)

9.8 m/s
2

			   (a) (i)             (b) (ii)              (c) (iii)           (d) (iv) 

		  (ii)	 At which place, the weight of the body is maximum  
			   (a) at poles                   
			   (b) equator         
			   (c) at the centre               
			   (d) at 1 km above the surface of the earth

		  (iii)	 If the diameter of the earth becomes twice its present value but mass 
remaining the same, then the weight of the object would be       

			   (a) W
2

             (b) 
W
4

          (c) unaffected       (d) 
W

2  

		  (iv)	 The change in the value of g at a height h above the surface of the 
earth is same distance at a depth h below the surface of the earth. 
When both d & h are much smaller that the radius of the earth, then 
choose the correct answer      

			   (a) d = 
h
2

         (b) d = 
3h
2

      (c) d = 2h          (d) d = h 

		  (v)	 If the radius of two planets be R1 & R2 and their densities be r1 & 
r1, then ratio of acceleration due to gravity on the planets will be  

			   (a) R1r1 : R2r2	 (b) R1r2 : R2r1  
			   (c) 1 : 1	 (d) R2r1 : R1r1 

4.		  Escape Speed :-
		  If we throw a ball vertically upwards from the surface of the earth; it rises 

to a certain height and falls back. If we throw it with a greater velocity, it 
rises to a greater height. If we throw it with a sufficient velocity, it may 
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never come back. It will escape from the gravitational pull of the earth. 
This minimum velocity is called escape velocity.   

 		  (i)	 Escape speed of a body of mess m depends upon its mass as    
			   (a) m0                (b) m           (c) m2              (d) m3 

		  (ii)	 The escape velocity for an object projected vertically upward from 
the earth's surface is approx. 11 km/s. If the body is projected at an 
angle of 45° with the vertical, then escape velocity will be    

			   (a)	 11/ 2 km/s    (b) 11 km/s    (c) 11 2 km/s    (d) 22 km/s 

		  (iii)	 The value of escape velocity on a certain planet is 2 km/s. Then the 
value of orbital speed of a satellite orbiting close to its surface is       

			   (a)	 12 km/s        (b) 1 km/s      (c) 2 km/s       (d) 2 2  km/s 

		  (iv)	 The escape speed of the planet is v. If the radius of the planet contracts 

to 1
4

th of present value, without any change in mass, the escape speed 

would became      
			   (a) halved          (b) doubled      (c) quadripled    (d) one fourth 

		  (v)	 The moon has no atmosphere as   
			   (a)	 The escape speed on the moon is very large as the thermal speed 

of the molecules of gases on moon.            
			   (b)	 The escape speed on the moon is equal to the thermal speed of 

the gaseous molecules on the moon.  
			   (c)	 The escape speed on the moon is very small as compared to the 

thermal speed of the molecules of gases on moon.
			   (d)	 Size of the moon as compared to the earth is very less and hence 

escape speed of moon is large.

5.		  Satellite :-
		  A small body revolving around a planet in an orbit is called its satellite. 

To put the satellite with a particular orbit around the earth, we need to 
give it two velocities. A minimum vertical velocity to take the satellite to 
a suitable height for which multistage rockets are used and secondly when 
satellite is reached at a particular height it is given a horizontal velocity 
called orbital velocity. 

		  Geostationary satellite are used for communication purposes and polar 
satellite are used for spying and remote sensing.    
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 		  (i)	 Time period of earth's satellite in circular orbit is independent of   
			   (a)	 mass of the satellite  	
			   (b)	 radius of the orbit 
			   (c)	 both the mass and radius of the orbit 	
			   (d)	 neither the mass of the satellite nor the radius of the orbit	

		  (ii)	 The time period of a satellite of the earth is 5 hrs. If the separation 
between the earth & satellite is increased to 4 time the previous value, 
the new time period will become   

			   (a) 10 hrs.        (b) 80 hrs.       (c) 40 hrs.          (d) 20 hrs. 

		  (iii)	 If suddenly the gravitational force of attraction between the earth and 
a satellite revolving around it becomes zero, then the satellite will         

			   (a)	 continue to move in its orbit with the same velocity  	
			   (b)	 move tangentially to the original orbit with the same velocity 
			   (c)	 become stationary in its orbit 	
			   (d)	 move towards the earth

		  (iv)	 The total energy of a satellite is E. What is its potential energy?         
			   (a) 2 E             (b) –2 E           (c) E            (d) –E 

		  (v)	 A synchronous relay satellite reflects TV signals and transmits TV 
program from one part of the world to the other because its     

			   (a)	 period of revolution is greater than the period of rotates of the 
earth about its axis.  	

			   (b)	 Period of revolution is less than the period of rotation of the earth 
about its axis.

			   (c)	 Period of revolution is equal to the period of rotation of the earth 
about its axis.  	

			   (d)	 mass is less than the mass of the earth.

Answers  For  Very  Short  Questions  (1 Mark)

	 1.	 Both forces will be equal in magnitude as gravitational force is a mutual 
force between the two bodies.

	 2.	 When moving in a merry go round, our weight appears to decrease when we 
move down and increases when we move up, this change in weight makes 
us feel giddy.

	 3.	 (i)	 Value of acceleration due to gravity
		  (ii)	 Surface temperature of planet.
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	 4.	 ∴ F = , F ∝ m but g =  and does not depend on ‘m’ hence they 

		  bodies fall with same ‘g’.

	 5.	 No, the gravitational force is independent of intervening medium.

	 6.	 F = 1 F′ = 

	 7.	 Mass does not change, weight at centre of earth will be 0 because g = 0.

	 8.	 Because it arises due to attractive force of gravitation.

	 9.	 ve =  v0,  ∴ ve =  and  v0 =  when r = R.

	10.	 T =  and v =  T is independent of mass,  = 1 : 1 ⇒ TA = TB.

	11.	 Sun should be at B as speed of planet is greater when it is closer to sun.

	12.	 The gravitational force between satellite and earth provides the necessary 
centripetal force for the satellite to orbit the earth.

	13.	 The speed of satellite during descent is much larger than during ascent, and 
so heat produced is large.

	14.	 No, A satellite will be always visible only if it revolves in the equatorial 
plane, but New Delhi does not lie in the region of equatorial plane.

	15.	 ‘g’ gets doubled as g ∝ ρ (density).

	16.	 As g = GM/R2 and the value of R at the poles is less than that the equator, so 
g at poles is greater than that g at the equator. Now, gp > ge, hence mgp > ge 
i.e., the weight of a body at the poles is more than the weight at the equator. 

	17.	 The astronaut is in the gravitational field of the earth and experiences gravity. 
However, the gravity is used in providing necessary centripetal force, so is 
in a state of free fall towards the earth.

	18.	 Geostationary satellite are used for telecommunication and polars 
satellite for remote sensing.

	19.	 Angular velocity of binary stars are same is ωA= ωB,

		                                   ⇒ TA = TB
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	20.	

	21.	 The force of gravitation exerted by the earth on a body of mass m is

				    F	 =	

		  Acceleration imparted to the body, g = 

		  Clearly, g does not depend on m. Hence the earth imparts same acceleration 
to all bodies.

	22.	 The satellite will move tangentially to the original orbit with a velocity with 
which it was revolving.

Short  Answers (2 Marks)

	23.	 g = 2
GM ,
R  if R decreases by 1% it becomes 

		  g′ = 2 2 2
GM GM GM1.02 (1 0.02)

(.99R) R R
= = +

		  ∴ g′ increases by 0.02 2
GM ,
R  therefore increases by 2%.

	24.	 (b), (c) and (d) are affected in space.

	25.	 The maximum orbital velocity of a satellite orbiting near its surface is 

				    v0	 =	

		  For the satellite to escape gravitational pull the velocity must become ve 

		  But ve = 

		  This means that it has to increases 0.414 in 1 or 41.4%.

		  ∴ The minimum increment is required, as the velocity of satellite is maximum 
when it is near the earth.

	26.	 Here
				    g	 =	
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		  or		  g	∝	 Rρ

		  ∴		  	 =	 .

	27.				   ve	 =	 ,  vp = 

					    Mp	 =	

		  ∴		  vp	 =	

						     =	

						     =	 7.47 km/sec.

	28.				   g′	 =	 64% of g = 

					    g′	 =	

		  ∴		  	 =	

					    h	 =	

	29.				   gd	 =	 gh

			  		  	 =	

					    d	 =	 2h = 2 × 40 = 80 km.

	30.	 R = 1.5 × 108 km = 1.5 × 1011 m

		  T = 365 days = 365 × 24 × 3600 s
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				   Centripetal force	 =	gravitational force

					    	 =	

				    Ms	 =	

					    =	

				    Ms	 =	 2.01 × 1030 g.

	31.	 g ∝  for r > 0 above surface of earth i.e., AB

		  g ∝ (R – d) for r < 0 below surface of earth i.e., AC

		  g is max. for r = 0 on surface. 

	32.	 Given Ms = 2 × 1030 kg,

		            Me = 6 × 1024 kg, r = 1.5 × 1011 m

		  Let m be the mass of the rocket. Let at distance x from the earth, the 
gravitational force on the rocket be zero.

		  Then at this distance, Gravitational pull of the earth on the rocket 

					    = 	Gravitational pull of the sun on the rocket.

		  i.e.,		 	 =	 s
2

GM
( )−

m
r x

 or  =

		  or		  R − x
x

	 =	

		  or		    r – x	  = 577.35x
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		  or		  578.35 x	 =	 r = 1.5 × 1011 

		  or 		  x	 =	  

	33.	 T1 = 365 days; r1 = r, T2 = ?, r2 = r/2

					    	 =	  

		  or		  T2	 =	

					     
		  Therefore decrease in number of days in one year will be 

					    =	365 – 129 = 236 days.

	34.	 Here mg = 63 N, h = R/2

		  As		  	 =	

				   gh	 =	

		  ∴		  mgh	 =	

	35.	 Since the earth revolves from west to east, so when the rocket is launched 
from west to east the relative velocity of the rocket increases which helps it 
to rise without much consumption of fuel.

	36.	 The value of ‘g’ on hills is less than at the plane, so the weight of tennis ball 
on the hills is lesser force than at planes that is why the earth attract the ball 
on hills with lesser force than at planes. Hence the ball bounces higher.

	37.	 The tidal effect depends inversely on the cube of the distance, while 
gravitational force depends on the square of the distance.
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	38.	

		  Gravitational field at C due to earth

					     =	 Gravitational field at C due to earth moon

				    	 =	

					    81x2	 =	 (60 R – x)2

					    9x	 =	 60 R – x

					    x	 =	 6 R.

	39.	 According to Kepler’s IInd law, area velocity for the palnet is constant

		  ∴		  	 =	

		  ∴		  	 =	

					    t1	 =	 2t2.

	40.	 Gravitational P.E. of mass m in orbit of radius R = U = 

		  ∴ 		  Ui	 =	

					    Uf	 =	

					    ∆U	 =	 Uf – Ui = 

						     =	

	41.				   g	 =	
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					    g'	 =	
4 GR g
3

′ ′π

		  The gain in P.E. at the highest point will be same in both cases. Hence 
					    mg′h′	 =	 mgh

					    h′	 =	
1 1

4 GR
3
4 GR
3

m ghmgh
mg m g

× π
=

′ × π

					    h′	 =	
3 4 R 1.5

R
× × × ×g

g
				    h′	 =	 18 m.

Answers  For  3  Marks  Questions

	44.			   E1	 =	

					    E2	 =	

					    E3	 =	

		  From ∆ ODB,	  cos 30º	 =	

			   		  OB	 =	

	 	 Gravitational field at O due to m at A, B and C is say 

4 GR g
3

′ ′π
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				    E	 =	

					     =	

					     =	

		   is equal and opposite to  

		  ∴ 		  net gravitational field	 =	 zero

		  As gravitational potential is scalar

				   V	 =	V1 + V2 + V3

					    =	

				   V	 =	 .

	46.	 Work done on satellite in first stage = W1 = PE at 150 km – PE at the surface

				   W1	 =	

					    =	

		  Work done on satellite in 2nd stage = W2 
= energy required to give orbital velocity v0

						     =	

					    	 =	

		  W2 > W1, so second stage requires more energy.

	47.	 Ve = 11.2 kms–1, velocity of projection = v = 3ve Let m be the mass of projectile 
and v0 the velocity after it escapes gravitational pull.

		  By law of conservation of energy
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					                 2 2 2
0

1 1 1
2 2 2

= +emv mv mv

					    v0 =	

					    v0  =	

					    v0  =	31.68 km s–1.

	48.	 The energy required to pull the satellite from earth influence should be equal 
to the total energy with which it is revolving around the earth.

				   The K.E. of satellite	 =	 ,  ∴ v = 

				   The P.E. of satellite	 =	

		  ∴		  T.E.	 =	

		  ∴ Energy required will be .

	51.	 E1 =  = 
		  If v is velocity of the satellite at distance 2R, than total energy
				   E2	 =	K.E. + P.E. 

					    = 	

		  Orbital velocity of satellite, 	 v	=	  or v2 = 

		  So,		  	=	

				   E2	 =	
		  Minimum energy required to launch the satellite is

					    =	E2 – E1 = 
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Answers  For  Numericals

	58.				   F	 =	

						     =	

					    F	 =	 4.1 × 1023 N

		  ∴		  F	 =	  

	 	  		  v 	= 	

					    v	 =	

					    v	 =	 1.3 × 104 ms–1.

	59.	 Let m1 = m then m2 = M – m

		  Force between them when they are separated by distance ‘r’

				    F	 =	

		  For F to be maximum, differentiate F w.r.t. m and equate to zero

				    	 =	

				    M = 2m; m	 =	

		  ∴		  m1 = m2	 =	

	60.			   g	 =	 2
GM
R

		  Taking logarithm	 log g	 =	 log G + log M – 2 log R
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		  Differentiating it

					    	 =	 0 + 0 – 2  = 

					    	 =	

	61.			  Total Energy of the body	 =	 KE + PE = 

		  Let v be velocity acquired by body on reaching the surface of earth.

		       Total Energy on the surface	=	

		  According to law of conservatives of energy

					    	 =	

					    v2 = 	 =	

		  ⇒	 	 v	 =	

	62.	 g′ = 4% of g = 

				    	 =	

					    	 =	

		  ∴		  h	 =	 4R = 4 × 6400 = 25,600 km.

	63.			  Gravitational intensity	=	

				   Gravitational potential V	 =	
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		  ∴		  	 =	 – R

		  or		  V	 =	 – E × R

		  or		  V	 =	 – 4.8 × 10,000 × 103 = – 4.8 × 107 J kg–1.

	64.				   U	 =	 Potential at height h = 

					    U	 =	

	65.	 Escape velocity from the earth’s surface is 

					    ve	 =	

		  Escape velocity from Jupiter’s surface will be

					    ve′	 =	

		  But M′ = 318 M, R′ = 11.2 R

		  ∴		  ve′	 =	

				   	 =	ve′× .	

	66.	 By Kepler’s IIIrd law

				    	 =	

				    	 =	

					     =	

		  ∴		  TN : TS	 =	 31.6 : 1.
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	67.	 The magnitude of angular momentum at P is Lp = mprpvp

		  Similarly magnitude of angular momentum at A is LA = mArAvA 

		  From conservation of angular momentum

				   mprpvp = mArAvA

					    	 =	

		  		  rA	 >	 rp, ∴ vp > vA

		  area bound by SB and SC (SBAC > SBPC)
		   By 2nd law equal areas are swept in equal intervals of time. Time taken to 

transverse BAC > time taken to transverse CPB.

Answer (MCQ) Key :
	 68.  (d)	 69.  (c)	 70.  (b)	 71.  (d)	 72.  (c) 	 73.  (c)	
	 74.  (c)	 75.  (a)	 76.  (c)	 77.  (a)	 78.  (d) 	 79.  (b)	
	 80.  (d)	 81.  (c)	 82.  (b)	 83.  (b)	 84.  (d) 	 85.  (c)
	 86.  (d)	 87.  (a)

HINTS AND SOLUTION (MCQ)

68.	 (d)	 1
22

GM G(M / 2)g and g 2g
R R

2
g 2g 2% increase in g 100 100 100%

g g

= = =
 
 
 

 ∆ −
= × = × = 

 		  % increasing 
g 2g g% increase in g 100 100 100%

g g
 ∆ −

= × = × = 
 

69.	 (c)	 At equator, 
2

2
1

w Rg g 1 g w R
g

 
= − = − 

 

		

2
2

0 1
v Rw m g m(g w R) m g

2
 

= = − = − 
 

		  Speed of ship relative to the velocity of centre of earth be 0V V± .  
Weight on spring balance, 

2
0(v v)W m g
R

 ±
= − 

 
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12 2
0

0

(v v)w v1 1
w Rg Rg

−
   ±

= − −   
  

		
0

2wvw w 1
g

 
= ± 

 

70.	 (b)	 On the moon, m
4 R 2e gg G
3 4 3 6

   = π =   
   

		  Work done in jumping = m × g × 0.5 = m × m
4 R 2e gg G
3 4 3 6

   = π =   
   

× h1

		  h1 = 3.0m

71.	 (d)	 Gravitational intensity due to ring at a distance d = 3 R, on it's axis 

is 
2 2 3/2 2

GMd 3GMI
(d R ) 8 R

= =
+

		  Force on sphere = 8m × I 
2

2

3GM
R

=

72.	 (c)	 Total energy of satellite, s

s

GMmE
2r

−
=

		  Orbital velocity,  s
s

GMV
r

=

		  L = ms vs rs = (2E ms rs
2)½

73.	 (c)	
2

GM (M )F −
=

m
x

 For maximum, dF 0
dm

=

		
2

dF G m 1(M 2m) 0
dm x M 2

= − = ⇒ = .

74.	 (c)	 First decreases, becomes zero and than increases again.

75.	 (a)	 A real velocity = 
dA L mVr Vr
dt 2m 2m 2

= = =

		
r GM 1 GMr
2 r 2

= =

		  dASo, r
dt

α .
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76.	 (c)	 gn = gd

		

2h dg 1 g 1 d 2h.
R R

   − = − ∴ =   
   

77.	 (d)	 Position of null point from mass m, 341
= =

+

r rx
m

m

		  Gravitational potential at null point GM G.4m 9GM
r 2r r
3 3

= − − = − .

78.	 (b)	 gp = g,  ge= g – w2R < gp

79.	 (d)	
2 2

1
2 2

mg R 60 6400mg 30
(R h) (6400 h)

×
= ⇒ =

+ +

		  h 2651 km⇒ =

80.	 (c)	 2 2

G 1 G 100 1x m
x (1 x) 11
× ×

= ⇒ =
−

81.	 (b)	 2
i f

1 ( GMm)mv U U 0
2 R

−
= − = −

		  v 2gR=

82. 	 (b)	 On earth's surface, 1
GMmU

R
= −

		  At a height equal to radius of earth,

		

2

2 1

2

2

GMm GMmU
R r 2R

GMm GMm GMmU U U
2R R 2R

GM gR m mgRBut g U
R 2R 2

= − = −
+

∆ = − = − + =

= ⇒ ∆ = =
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83.	 (d)	 Gravitational P.E. of mass m in an orbit of radius R 

		

i f

f i

GMm GMm GMmU U , U
R 2R 3R

GMmU U U .
6R

− − −
= ∴ = =

∆ = − =

84.	 (c)	 Mass does not changes.

85.	 (d)	 At depth, d = R ,
2

		
d

d gg g 1
R 2

 = − = 
 

		  Net weight = 
mg 125 N
2

=

86.	 (a)	 At poles λ = 90°, so,
		  gpole = g – w2R cos2 λ = g. 

ASSERTION - REASON BASED ANSWERS

1.	 (a)	 A & R both are true and R is the correct explanation of A.

2.	 (a)	 A & R both are true and R is the correct explanation of A  

3.	 (a)	 A & R both are true and R is the correct explanation of A  

4.	 (d)	 A & R both are false.         GMmE
2(R h)
−

=
+

						         
GMMPE

(R h)
−

=
+ 			        

5.	 (b)	 A & R both are true, but R is not the correct explanation of A.  
Some of the comets are non-periodic and move along hyperbolic or 
parabolic paths. They don't obey Kelpers law of planetary motion.    

6.	 (b)	 both A & R are true and R is not the correct explanation of A.

				 

2

2

2

2

2
2 3 2 3

GMm mv      
rr

GMm m 2 r 
r Tr

4 T r      T r
GM

=

π ⇒ =  
 

 π
⇒ = ⇒ ∝  

 
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7.	 (a)	 both A & R are true and R is the correct explanation of A.

8.	 (a)	 both A & R are true and R is the correct explanation of A.
				   (gp – ge) = Rew

2

9.	 (a)	 both A & R are true and R is the correct explanation of A.

10.	 (a)	

11.	 (a)	

12.	 (a)	

	 CASE STUDY BASED ANSWERS

1.		  i.	 (c)	 conservative 

		  ii.	 (c)	 Medium separating the two masses

	 	 iii.	 (a)	 [M–1 L3 T–2]

		  iv.	 (c)	 Nuclear force 

	 	 v.	 (c)	 F

2.		  i.	 (c)	 angular momentum 
		  ii.	 (a)	 10 2 :1             use 

3/2
1 1

2 2

T r
T r

 
=  
 

		  iii.	 (c)	 v1 < v2 < v3    as L = mvr = constant 
						             1v .

r
⇒ ∝

		

		  iv.	 (b)	 decreased as 2 3T (R)∝ 		    

	 	 v.	 (d)	 angular momentum

3.		  i.	 (d)	 (iv)	
		  ii.	 (a)	 At poles

	 	 iii.	 (b)	
2

W GMuse =
4 R

g

		  iv.	 (c) d = 2h   Put 2h d1 1
R R

 − = − 
 

 as gn = gd.	

	 	 v.	 (a)	 R1r1 : R2r2 [Use g = 
4
3
rGRr.]	
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4.		  i.	 (a)	 m0	

		  ii.	 (b)	 11 km/s

	 	 iii.	 (d)	 2 2 km/s

		  iv.	 (a)	 halved
	 	 v.	 (c)

5.		  i.	 (a)	 mass of the satellite	

		  ii.	 (c)	 40 hrs.         Hint : 
2 3

1 1

2 2

T R
T R

   
=   

   
 	

	 	 iii.	 (b)	

		  iv.	 (a)	 GMm GMmE ,    P.E.
2r r

− −
= =  so PE = 2E	

	 	 v.	 (c)	

****
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