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CLASS 11 PHYSICS PREVIOUS YEAR QUESTIONS
GRAVITATION

Question 1. What velocity will you give to a donkey and what velocity to a monkey so that both escape
the gravitational field of Earth?

Answer: We will give them the same velocity as escape velocity is independent of the mass of the
body.

Question 2. How does Earth retain most of the atmosphere?
Answer: Due to force of gravity.

Question 3. Earth is continuously pulling the moon towards its center. Why does not then, the moon
falls on the Earth?

Answer: The gravitational force between the Earth and the moon provides the necessary centripetal
force to the moon to move around the Earth. This centripetal force avoids the moon to fall onto the
Earth.

Question 4. Which is greater out of the following:
(a) The attraction of Earth for 5 kg of copper.

(b) The attraction of 5 kg copper for Earth?
Answer: Same.

Question 5. Where does a body weigh more — at the surface of Earth or in a mine?
Answer:
At the surface of Earth, a body weighs more.

Question 6. How is it that we learn more about the shape of Earth by studying the motion of an
artificial satellite than by studying the motion of the moon?

Answer:

This is because an artificial satellite is closer to the Earth than Moon.

Question 7. If the Earth is regarded as a hollow sphere, then what is the weight of an object below the
surface of Earth?
Answer: Zero.

Question 8. What is the formula for escape velocity in terms of g and R?
Answer: Ve = 2gR————\/ :

Question 9. What is the orbital period of revolution of an artificial satellite revolving in a geostationary

orbit?
Answer: It is 24 hours.

Question 10. Can we determine the mass of a satellite by measuring its time period?
Answer: Yes.

Question 11. Is it possible to put a satellite into an orbit by firing it from a huge canon?
Answer: Tins can be possible only if we can ignore air friction and technical difficulties.
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Question 12. What is the amount of work done in bringing a mass from the surface of Earth on one
side to a point diametrically opposite on the other side? Why?
Answer: The work done is zero. Because the gravitational potential difference is zero.

Question 13. Name one factor on which the period of revolution of a planet around the Sun depends.
Answer:
Mean distance of the planet from the Sun.

Question 14. The gravitational potential energy of a body of mass m is -107 J. What is the energy
required to project the body out of the gravitational field of Earth?

Answer:

107 J.

Question 15. Does the force of friction and other contact forces arise due to gravitational attraction? If
not, what is the origin of these forces?

Answer:

No. The contact forces have an electrical origin.

Question 16. Two satellites are at different heights. Which would have greater orbital velocity? Why?
Answer: The satellite at the smaller height would have greater.velocity.
This is because Vo « 1rV .

Question 17. How much energy is required by a satellite to keep it orbiting? Neglect air resistance?
Why?

Answer: No energy is required by a satellite to keep it orbiting. This is because the work done by the
centripetal force is zero.

Question 18. At noon the attractions of the Earth and Sun on a body on the surface of Earth are in
opposite directions. But at midnight, they are in the same direction. Does a body weigh more at mid-
night?

Answer: No. The weight of the body is due to the Earth’s gravity only. What is the full form of the
geostationary satellite APPLE? The full form of APPLE is the Ariane Passenger PayLoad Experiment.

Question 19. What is geodesic?
Answer: It is the shortest distance between any two points.

Question 20. Why is G called a universal constant?
Answer: G is called a universal constant because its value is the same everywhere.

Question 22. Where does a body weigh more at the pole or at the equator?
Answer: It weighs more at the pole.

Question 23. What is the relation between orbital and escape velocity?
Answer: Ve = 2—\V.

Question 24. The weight of a body is 20N, What is the gravitational pull of the body on the Earth?

Answer:
20N.
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Question 25. Why Newton’s law of gravitation is said to be universal- law?
Answer: It is called so because this law holds good irrespective of the nature of the interacting bodies
at all places and at all times.

Question 26. A particle is to be placed, in turn, outside four objects, each of mass m;

(a) a large uniform solid sphere,

(b) a large uniform spherical shell,

(c) a small uniform solid sphere,

(d) a small uniform shell.

In each situation, the distance between the particle and the center of the object is d. Rank the objects
according to the magnitude of the gravitational force they apply on the particle, greatest first.
Answer: They all apply the same gravitational force and hence all will tie.

Question 27. Can we determine the mass of a satellite by measuring its time-period?
Answer: No.

Question 28. Does the gravitational force between two particles depends upon the medium between
them?
Answer: No, it does not depend upon the medium between the two particles.

Question 29. Two artificial satellites of different masses are moving in the same orbit around the Earth.
Can they have the same speed?
Answer: Yes, they can have the same speed as orbital speed is independent of the mass of the satellite.

Question 30. In an imaginary system, the central star has the same mass as our Sun but is much
brighter so that only a planet twice the distance between Earth and the Sun can support life. Assuming
biological evolution (including aging processes etc.) on that planet similar to ours, what would be the
average life span of a ‘human’ on that planet in terms of its natural year? The average life span of a
human on the Earth may be taken to be 70 years.

Answer: 25 planet years.

Question 31. If the force of gravity acts on all bodies in proportion to their masses, then why does not a
heavy body fall faster than a light body?
Answer: Acceleration due to gravity is independent of the mass of the body.

Question 32. What is the weight of a body in a geostationary satellite?
Answer: The weight of a body is zero in a geostationary satellite.

Question 33. A satellite does not need any fuel to circle around the Earth. Why?
Answer: The gravitational force between satellite and Earth provides the centripetal force required by
the satellite to move in a circular orbit.

Question 34. What will be the effect on the weight of the bodies if Earth stops rotating about its axis?
Answer: The weight of the bodies will increase.

Question 35. Name the natural satellite of Earth.
Answer: Moon.

Question 36. Why a multi-stage rocket is required to launch a satellite?
Answer: This is done to save fuel.
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Question 37. Mention one difference between g and G.
Answer: The value of ‘G’ remains the same throughout the universe while the value of ‘g’ varies from
place to place.

Question 38. When an apple falls towards the Earth, the Earth moves up to meet the apple. Is the
statement true? If yes, why is the Earth’s motion not noticeable?

Answer: Yes, the statement is true. The acceleration of Earth is very small as compared to that of apple
as the mass of Earth is very large.

Question 39. Which of the following observations point to the equivalence of inertial and gravitational
mass? Why?

(@) Two spheres of different masses dropped from the top of a long evacuated tube reach the bottom of
the tube at the same time.

(b) The time period of a simple pendulum is independent of its mass.

(c) The gravitational force on a particle inside a hollow isolated sphere is zero.

(d) For aman in a closed cabin that is falling freely under gravity, gravity disappears.

(e) An astronaut inside a spaceship orbiting around the Earth feels weightless.

(f) Planets orbiting around the Sun obey Kepler’s Third Law.

(g) Gravitational force on a body due to the Earth is equal and opposite to the gravitational force on the
Earth due to the body.

Answer: As bodies are in motion in observations (a),(b), (d), (e), (), thus, these point to the
equivalence of inertial and gravitational masses.

Question 40. How will the value of acceleration due to gravity be affected if the Earth begins to rotate
at a speed greater than its present speed?
Answer: Acceleration due to gravity will decrease if the angular speed of rotation of Earth increases.

Question 41. How do we choose zero levels of gravitational potential energy?
Answer: It corresponds to the infinite separation between two interacting masses.

Question 42. Is it possible to put an artificial satellite in an orbit in such a way that it always remains
visible directly over New Delhi? Why?

Answer:

It is not possible. This is because New Delhi is not in the equatorial plane.

Question 43. A body is suspended with a spring balance attached to the ceiling of an elevator. The
balance shows a reading of 5 divisions when the elevator is stationary. During the downward
acceleration of the elevator, the balance shows zero reading. Do you think that the inertial mass and
gravitational mass of the body are equal? Justify your Answer.

Answer:

Yes, they will be equal. The two masses differ only when the velocity of the lift approaches the velocity
of light.

Question 44. Does a comet move faster at aphelion or perihelion?
Answer:
At the perihelion where it is close to Sun, the comet moves faster.

Question 45. Due to some unforeseen event, the planet of the 10 satellites of Jupiter does not pass
through the center of Jupiter. Will the orbit of I, be stable? Why?

Answer:

No. For a stable orbit, the plane of the orbit must pass through the center (equatorial plane) of the
planet.
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Question 46. Is it appropriate to describe the condition of weightlessness as the condition of
masslessness? Why?

Answer:

No. Weight and mass are different physical quantities. A body may have zero weight but never zero
mass. So it is not appropriate to describe the condition of weightlessness as a condition of masslessness.

Question 47. Define central force.

Answer:

It is defined as the force which is always directed along the position vector of the point of application
of the force w.r.t. the fixed point i.e. away or towards a fixed point.

Question 48. The angular momentum is always conserved in the motion under.a central force. Name
the two results that follow from this.
Answer:

=

The motion of a particle under the central force is always confined to a plane.

2. The position vector of the particle w.r.t. the center of force has a constant areal velocity i.e. the
position vector sweeps out equal areas in equal times as the particle moves under the influence of
the central force.

Question 49. Why an astronaut has a sense of weightlessness in a satellite revolving around the Earth?
Answer:

For revolving around the Earth, the astronaut and the satellite require the centripetal force, and their
weight is used up in providing the necessary centripetal force. So the astronaut feels weightlessness in
space.

Question 50. Why an astronaut in an orbiting spacecraft is not in zero-gravity although he is in a state
of weightlessness?

Answer:

We know that acceleration due to gravity depends on the height, so there is some value of acceleration
due to gravity at every point.on the orbit of the spacecraft and his weight is used up in providing the
necessary centripetal force for the orbital motion.

Gravitation Important Short Answer Type

Question 1. Explain how the weight of the body varies en route from the Earth to the moon. Would its
mass change?

Answer: When a body is taken from Earth to the moon, then its weight slowly decreases to zero and
then increases till it becomes 16th of the weight of the body on the surface of the moon.

We know that mg» = mg (1 — 2hR)

As h increases, gy, and hence mgs, decreases. When R = R2 the force of attraction of Earth is equal to
the force of attraction of the moon.

Then g» = 0, so mg becomes zero, and the value of g on the moon’s surface is 16th of its value on the
surface of Earth. Hence on increasing h beyond R2, mg starts increasing due to the gravity of the moon.
f ts mass remains constant.

Question 2. Among the known type of forces in nature, the gravitational force js the weakest. Why
then does jt play a dominant role in the motion of bodies on the terrestrial, astronomical, and
cosmological scale?

Answer: Electrical forces are stronger than gravitational forces for a given distance, but they can be
attractive as well as repulsive, unlike gravitational force which is always attractive. As a consequence,
the forces between massive neutral bodies are predominantly gravitational and hence play a dominant
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role at long distances. The strong nuclear forces dominate only over a range of distances of the order of
10 m to 10m.

Question 3. Show that the average life span of humans on a planet in terms of its natural years is 25
planet years if the average span of life on Earth is taken to be 70 years.

Answer: Take the distance between Earth and Sun twice the distance between Earth and planet.
According to Kepler’s third law of planetary motion,

7 - (&)

where T, Tr is the average life span on Earth and planet respectively.
R, = distance between Earth and Sun.
R, = distance between Earth and planet.

Here, R = 2R,
R,
or R~ %
]
T, = 70 years
T, = ?
T 2
I 3
[TDJ ':2}
T,
or )
1=
- T, 70 70 70
. P 2 B 22

V2

= 35 x B3 =17.5x1.414

= 24.75 = 25 planet years.

Question 4. Hydrogen escapes faster from the Earth than oxygen. Why?

Answer: The thermal speed of hydrogen is much larger than oxygen. Therefore a large number of
hydrogen molecules are able to acquire escape velocity than that of oxygen molecules. Hence hydrogen
escapes faster from the Earth than oxygen.

Question 5. In a spaceship moving in a gravity-free region, the astronaut will not be able to distinguish
between up and down. Explain why?

Answer: The upward and downward sense is due to the gravitational force of attraction between the
body and the earth. In a spaceship, the gravitational force is counterbalanced by the centripetal force
needed by the satellite to move around the Earth in a circular orbit. Hence in the absence of zero force,
the astronaut will not be able to distinguish between up and down.

Question 6. Why the space rockets are generally launched from west to east?

Answer:

Since the Earth revolves from west to east around the Sun, so when the rocket is launched from west to
east, the relative velocity of the rocket = launching velocity of rocket + linear velocity of Earth. Thus
the velocity of the rocket increases which helps it to rise without much consumption of the fuel. Also,
the linear velocity of Earth is maximum in the equatorial plane.

CLASS 11: GRAVITATION 6



Bhandari Sir Classes, Indirapuram Ghaziabad, UP, Cell No. 8948818474

Question 7. Explain why the weight of a body becomes zero at the center of Earth.

Answer:

We know that the weight of a body at a place below Earth’s surface is given by

W=mg .... (1)

Where gd = acceleration due to gravity at a place at a depth ‘d” below Earth’s surface and is given

d -
g =g(P“E) oo (i)
At the centre of Earth,d = R,
R
o = o{1%)

=g(1-1)=gx0=0

From Eqgn. (i) W = 0 at the center of Earth.
i.e., g decreased with depth and hence becomes zero at the center of Earth, so W =0 at Earth’s center.

Question 8. We cannot move even our little fingers without disturbing the whole universe. Explain
why.

Answer:

According to Newton’s law of gravitation, every particle of this universe attracts every other particle
with a force that is inversely proportional to the square of the distance between them. When we move
our fingers, the distance between the particles changes, and hence the force of attraction changes which
in turn disturbs the whole universe.

Question 9. Explain why tennis ball bounces higher on hills than on plains.

Answer: The value of acceleration due to gravity is lesser on hills than on the plains, so the weight of
the tennis ball at hills is lesser than that on the plains and hence it re-bounces more. In other words, the
force with which the Earth attracts the ball on hills will be lesser than that on the plains.

Question 10. Why is the atmosphere comparatively rarer on some of the planets as compared to that on
earth?

Answer: The escape velocity of some of the planets is very small as compared to that on the surface of
Earth. Most of these gases have their root mean square (r.m.s.) velocities more than the escape velocity
on these planets and hence they have escaped from the surface of these planets and hence the
atmosphere is rarer on some of the planets than on Earth.

Question 11. Why moon has no atmosphere? Explain.

Answer: An atmosphere means the presence of a mixture of a number of gases. The molecules of these
gases are in the state of continuous random motion moving with different velocities. As the value of
escape velocity On the surface of the moon is small (only 2.5 km s?), the molecules of gases with
velocities greater than the escape velocity moved out of the atmosphere. As time passed, nearly all the
molecules escaped from the moon’s atmosphere.

Question 12. Under what conditions a satellite will be called geo-stationary?
Answer:
The following are the conditions to be fulfilled by a satellite to be geostationary:

1. The time period of the satellite around the Earth must be equal to the rotational period of the
satellite i.e. 24 hours.

The direction of motion of the satellite must be the same as that of the Earth.

3. The height of the geostationary satellite must be about 36000 km.

o
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Question 13. What are the uses of Artificial Satellites?
Answer:
Following are some of the important uses of Artificial Satellites:

They are used as communication satellites to send messages to distant places.
They are used as weather satellites to forecast weather.

They are used to know the exact shape of Earth.

They are used to telecast T.V. programs to distant places.

They are used to explore the upper region of the atmosphere.

arwONpE

Question 14. Under what condition, a rocket fired from Earth will launch an artificial satellite around
Earth?

Answer:

Following are the basic conditions:

1. The rocket must take the satellite to a suitable height above the surface of Earth.

2. From the desired height, the satellite must be projected with a suitable velocity called orbital
velocity.

3. Inthe orbital path of the satellite, the air resistance should be negligible so that its velocity does
not decrease and it does not bum due to the heat produced.

Question 15. The acceleration due to gravity on a planet is 1.96 ms=. If it is safe to jump from a height
of 2m on the Earth, what will be the corresponding safe height on the planet?

Answer:

The safety of a person depends upon the momentum with which the person hits the planet. Since the
mass of the person is constant therefore the maximum velocity (v) is the limiting factor.

In case of earth, v2 = 2g:h. .... (i)

In case of planet, vz = 2g;h, .... (ii)

where he, h, are safe heights of jumping from Earth and planet respectively,

Here, h. = 2m; g, = 1.96 ms2, ge = 9.8 ms?

=~ From (i) and (ii), we get
20. he = 29, hy

or h, = g = 196 =10 m

h,

1
=)
3

Question 16. Is it correct to state that we are living at the bottom of a gravitational well? Why?
Answer:

Yes. The gravitational force varies with distance from the center of Earth as shown in the fig. below.
The graph clearly shows a minimum at a point on the surface of Earth. Thus, it is correct to state that
we are living at the bottom of a gravitational well.

e
l F:-Grl:dm
F:—GRh:lm

CLASS 11: GRAVITATION 8



Bhandari Sir Classes, Indirapuram Ghaziabad, UP, Cell No. 8948818474

Question 17. Prove that if two spheres of the same material, mass, and radius, are put in contact, the

gravitational attraction between them is directly proportional to the fourth power of their radius.

Answer:

Let m = mass of each sphere.

R = radius of each sphere,

p = density of the material of the spheres.

~ If F be the gravitational attraction between them, then according to Newton’s law of gravitation,
GMM  GM®

= mr =g M
Al 0 M M
SO = — =
volume 4 o
3
4
or M = E“R]p e (D)
M M
1€—R—>i

~ From (1) and (2), we get

ie. Fec R

Question 18. Prove that if the gravitational attraction of the Sun on the planets varies as nth power of
the distance (of the planet from the Sun), then a year of the planet will be proportional to Re+vz,
Answer:

Let m = mass of the planet

R = radius of its orbit around Sun

M = mass of the sun

V = orbital speed of the planet

Then,
GMm _ mv?
R R
, GM
or v = Rll—l
2. 2 2 2
Also T = [ “R] _ 4R R
v GM
= 41‘2 Rn+l
GM
41:2 17 27[ -
T — R{'I‘l+ } — Rﬂj-l-]]lrz
_ GM JGM
or T o R™HZ,
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Question 19. The figure below shows four arrangements of three particles of equal masses:

l D > D -0
m ;‘ - - D -— d + .
«—d—> m d ‘
me_d
(1) (2) (3) (4)

(a) Rank the arrangements according to the magnitude of the net gravitational force on the particle
labeled m, greatest first, and explain.

(b) In arrangement 2, in the direction of the net force closer to the line of length d or to the line of
length D?

Answer: (a) 1,2 and 4 tie, 3 (b) line d.

Explanation: (a) An arrangement (1), the forces exerted by both the particles are in the same direction.
So these forces get add up to give maximum force. In arrangements (2) and (4), the angle between
individual forces as well as the distances are the same. So the magnitudes of the net forces in (2) and
(4) are the same and greater than in arrangement (3) and less than in (1).

In arrangement (3), the angle between the separate forces is maximum i.e. 180. So the net force is
minimum.

(b) Due to the smaller distance, force is greater the net force always makes a smaller angle with the
larger force as compared to the angle with a smaller force.

Question 20. Why the atmosphere of Jupiter contains light gases (generally hydrogen) whereas the
Earth’s atmosphere has little hydrogen gas?

Answer: The escape velocity of Jupiter is much larger than the escape velocity of Earth. So to escape
from the surface of Jupiter, a very large velocity is required. Since the thermal velocity of hydrogen gas
molecules is lesser than the escape velocity of Jupiter, therefore hydrogen can’t escape from the surface
of Jupiter.

Question 21. Why does not an astronaut use a simple pendulum clock in a satellite revolving around
the Earth?

Answer: Acceleration due to gravity is zero inside a satellite therefore the time period of vibration of
the simple pendulum

T = 21 Ig— will be infinity

So the pendulum will do not vibrate inside the satellite and hence the clock will not work. So astronaut
does not use a simple pendulum clock in a satellite.

Question 22. Show that Kepler’s Second law is the law of conservation of angular momentum.
Answer: The second law states that the areal velocity is constant i.e. area covered by the radius vector
is the same in equal intervals of time. If the velocity and radius at the time, t. is vi and r. while at
another place these are v, and r. in the same time, then the area covered by the planet in these intervals
are

— v,r; and 5 Vala-

2
1 1
S mvir, = 5 mvar,
1
(Area of triangle = 5 base * height)
1 4
So that, 5 v,r, = > Val's
or mwv,r, = IMNv,r,
or L, = L,
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This shows that the law leads to the conservation of angular momentum law.

Question 23. Astronomical observations show that Mercury moves faster and Pluto slower, why is it
s0?
Answer: Planets obey Kepler’s Third law of motion.
2 3

. _ R

T R;
Tw = time of revolution of Mercury around Sun at distance Rw.
Te = time of revolution of Pluto around Sun at distance Re.

. Since R, > Ry
R
or R, < 1
e 2
L)
T, |
or T, = T.
N B 2ur
ow v = T
v, T, > 1
Vg = Vp

Pluto moves slower as compared to Mercury due to the reason that Re > Ruw.

Question 24. Calculate the density of Earth.

Answer:
Let us assume the Earth to be a homogeneous sphere of radius R, density p, and mass M.
4
Its volume = 3 R
4
Thus M = pxvolume=px 3 nR
M
Also we know that g R
(r: 4
J_Kﬂ_p ® -~ TR
R 3
3g
ar =
P 4n < GR

Puttingg=9.8ms? G=6.67 x 10" Nm’kg *
R = 6.4 x 10" m, we get
p = 5475x10°kgm°,

Question 25. Find an expression for the torque on a body due to gravity. Show that this torque about
the center of mass of a body is zero.
Answer:
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Suppose a body is made up of a large number of particles of masses m:, mz, ms, ..... etc. situated at ri,
I, Is,... etc. positions from the center of mass of the body. Each particle is pulled by gravity with a
force F = mg. Let this force on ith particle be f = mg. Since the position vector of this particle is

r, hence the torque on this particle due to a national poll of the Earth is

Ti =i X Mig

Then total torque on the body

T = ZT._ =Zrlxmlg
Ymrxg = (Y m)r, xg

= Mrﬂl‘l‘lxg:rl:mxmg
Then torque about the center of mass is eventually 0 as r.» = 0 from the center of mass,
~1=0.

T

Question 26. How do Kepler’s laws lead to Newton’s universal law of gravitation?

Answer:

Kepler’s laws are applicable to the motion of planets around the Sun. Almost all planets revolve around
the Sun in nearly circular orbits.

Let m = mass of a planet.

M = mass of Sun.

r = radius of the circular orbit of the planet, around the Sun.
v = linear velocity of the planet in its orbit.

T = Time period of the planet.

The centripetal force required by the planet is.
F = mvar
But v = circumference of the orhit / period of revolution = 2arT
m(an]z _Antmr
AT T
According to Kepler’s 3rd law T o< r’ or T =kr’

F =

\ Am’mr 47’ m 0
- = = —= e (0
kr? k
This centripetal force is provided by the force of attraction between the Sun and the planet. According
to Newton, the force of attraction between the planet and the Sun is mutual.

4 2
T« mass of Sun
k

at
or ”

4m* . -
or o = GM oo (i)
.. From (i) and (#i), we get

GMm

2

which is Newton’s law of gravitation.
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Question 27. Explain how the mass of the Sun can be determined by studying the motion of Earth
around it.

Answer:

The Sun’s gravitational force provides the necessary centripetal force to the Earth for its revolution
around the Sun in an orbit of radius r. Let the mass of Sun be M and that of Earth M.. Thus centripetal
force is then

My GMM,
R R?
. GM,
or v R

where R = radius of orbit of Earth.
Let T = Time period of revolution of Earth around Sun, then

. An°R”
Ve o=
I.-
GM, 4n°R*
ar = =
R T
M 47 R’
=—s x.—_
Or 5 -IJ'_, G

we know R, G, and T so the mass of the:Sun can be found out by putting their values.

Question 28. Derive an expression for the gravitational potential energy above the surface of Earth.
Answer: Let the body of mass m be taken at a height h above the surface of Earth. At any instant of
time t, it reaches at a distance x from the center of Earth. The work done in raising the body through dx
IS

- GMm
dw = N dx = A(PE.)

Hence, the work done in taking the body from the surface of the Earth (x = R) to a height h above the
earth’s surface (x = R + h) is given by

?—f'!ﬁ.fh
= - OGMm| - |
N ]
OM . |
TYMMIRTh R
GMm [ I l
) R JII'I‘ h* E
I\

fl

(S
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aM )
Since R >> h, .. W o= _ m [1_ﬂ_l:| _ GMmh

R R R*?

This work done is stored in the body in the form of gravitational
P.E.i.e. P.E. =W =mgh
P.E. above the surface of Earth = mgh.

Question 29. What is the binding energy of the satellite?

Answer: The minimum energy required to free a satellite from the gravitational attraction is called its
binding energy. The binding energy is the negative value of the total energy of the satellite. Let a
satellite of mass m be revolving around the earth of mass M and radius R.

=~ The total energy of satellite = P.E. + K.E.

GMm 1 ,
= —————t—my
R 2
GMm 1 GM
= ——— T —
R 2 R
B _GMm
2R
Bindind energy of satellite = — (total energy of satellite)

GMm/2R

Question 30. In a cavendish experiment, two spheres of mass 10 g each are suspended with a torsion
rod of length 2m when two lead spheres of mass 10 mg each are brought near the suspended sphere as
shown in the figure, the spheres are displaced through 2mm each. The torsional rod is deflected through
an angle of 0.02 radian. Calculate the value of G if the torsional couple per unit twist of the suspension
wire is 1.66 x 104 Nm.

M E
-"‘"“‘! -
# . -
C A B A
- 2y eD

Answer:
Answer:
Force exerted by a bigger sphere on the small sphere is
F= GMm2R

where r = separation between bigger and small spheres.

M = mass of the bigger sphere.

m = mass of the smaller sphere.

The force on the two sides produces torque and the suspension wire produces opposite torque = c =
restoring couple produced.

where ¢ = Torsional couple per unit twist.

0 = Twist
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If | be the length of torsion rod, the deflecting couple
=Fl = GMmR2 |
Since the rod is in equilibrium after the deflection
=~ deflecting couple = restoring couple
GMm

RZ

cR?
Mm =/
66 x 10*Nm, R=2x 10°m, 8 =0.02 rad
m M=10kg, m=10kg= 10 x 107 kg
. 1.66x107 x(2x107) % 0.02
G = 10x10%107° x 2
= 6.64 x 107" Nm® kg ".

or G =

~ 0
[
MI—I

Gravitation Important Long Answer Type

Question 1. (a) Derive the expression for the orbital velocity of an artificial Earth’s satellite. Also,
derive its value for an orbit near Earth’s surface.

Answer:

Let m = mass of the satellite.

M, R = mass and radius of Earth.

h = height of the satellite above the surface of Earth.

r = radius of the robot of the satellite

=R +h.

Vo = orbital velocity of the satellite.

The centripetal force mvzor required by the satellite to move in a circular orbit is proved by the
gravitational force between satellite and the Earth.

LemaEeRana

o .|F|_i. """ .,
'SV
® v "
i \'
‘11. /
. p
'r.._h ““““ i o
) mv, GMm
ie. = 5
r r
[GM
or Ve TN
_ | GM -
Vo -
Also we know that
GM
e "'
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or GM = gR’

_r/| &
Vo & R\H; + h
- R 5 oo (i)

V(R +h)

oM
Also B = m {III}

from (i) and (iii), we get

Vo = 8. (R+ h)

If the satellite is close to the earth’s surface, then h = 0

-~ from (i), ve = JgR
Putting, g =98ms’ R=6.38x10°m

Vo = J9.8x6.38x10° =7.9kms ",

v, = JgR = R,JZ

R+h
GM
“\VRah /g, (R +h)

(b) Derive the expression for escape velocity of a body from the surface of Earth and show that it 2—

\ times the orbital velocity close to the surface of the Earth. Derive its value for Earth.

Answer:

Escape velocity is the minimum velocity with which a body is projected from Earth’s surface so as to
just escape its gravitational pull or of any other planet. It is denoted by v..

Expression: Consider the earth to be a homogenous sphere of radius R, mass M, center O, and density

p.
Let m = mass of the body projected from point A on the surface of Earth with ve. V.

~ K.E. of the body at point A = 12 mve ...(i)
Let it reaches a point P at a distance x from O. If F be the gravitational force of attraction on the body at
P, then

Earth
F=GMmx2 ...(i1)
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Let it further moves to Q by a distance dx.
If dW be the work done in moving from P to Q, then

GMm 3
dW = Fdx = " dx ... (HT)
If w be the total work done in moving the body from A to oo,
Then
= TGMm
W = Idw = J- = —dx
A A X

— GMm [x7dx = GMm[—l}
A

X g
= _ GMm[L—l—]
R

oo
(0-%)
= — GMm| 0— —
R
- GMm )
= R %]
=~ According to the law of conservation of energy
K.E.=RE
lmvg ~ GMm
or 20 R
2GM
= , |—% e (W
or v, % )
GM
Also E = RZ
’Zng_
\II' -
¢ R
or v, = ..|l'2gR- ceen (WD)
4
Also M = Z7R%.
2G 4, 8
Ve R 3 \37OP
for earth R = 6.38x 10°m
g = 9.8ms™

s from (vi), V. = 2x9.8x6.38x10°
= 11.2 kms™!

Relation between v. and v.: Also we know that the orbital velocity around Earth close to its surface is
given

by v = gR——
and ve = 2gR——— = 2— gR——|
= 2—\/Vo

Hence proved.
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Question 2. (a) Explain Newton’s law of gravitation.
Answer: We know that Newton’s law of gravitation is expressed mathematically as:
~ Gmm,

rI

F‘

_ Gmm, .
or in vector formF = ———r,
r

where t = unit vector along F

It was found that law is equally applicable anywhere in the universe between small and big objects like
stars and galaxies. The value of G remains the same everywhere. (Some scientists have claimed that as
the size of the object under consideration becomes big like a galaxy, the value of G also changes).
Hence this law of Newton is also called Newton’s universal law of gravitation.

The force of attraction is called the force of gravitation or gravitational force. This force is only
attractive and is never repulsive. The force is both ways i.e., particle 1 attracts particle 2 and so does
particle 2 attracts particle 1.

Hence Fi. = - Fau.

The law is a direct outcome of the study of acceleration of bodies. Newton wondered how Moon
revolves around the Earth or other planets revolve around the Sun. His calculations showed that the
Moon is accelerated by the same amount as does any other object towards the Earth.

His famous narration of the apple falling from the tree and noticing every other object fall towards
Earth led to the announcement of his famous law of gravitation about 50 years later in his book
‘Principia’.

Out of the known forces in nature, the Gravitational force is the weakest, yet it is the most apparent one
as it acts for long distances and between objects which are visible to us. The law of gravitation has been
used to determine the mass of heavenly bodies. It has been used to study the atmosphere of planets.
Man-made satellites remainin the orbits due to gravitation.

(b) Define gravitational field intensity. Derive its expression at a point at a distance x from the center of
Earth. How is it related to acceleration due to gravity?

Answer: The gravitational field intensity at a point is defined as the force acting on a unit mass placed
at that point in the field.

Thus, the gravitational field intensity is given by:

E=Fm
Now at distance x from the center of Earth, the gravitational force is
GMm .
F = 2
x .
F GMm . GM .
E = — = 2 X = Fl X
m X x
gl - GM
E| = —
GM
or E = 3
Force )
On Earth E = = = acceleration

X

F

m mass
E-—-¢g

m
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So, the intensity of the gravitational field at the surface of Earth is equal to the acceleration du&to
gravity.

Question 3. Discuss the variation of acceleration due to gravity with:
(a) Altitude or height

(b) Depth

(c) Latitude i.e. due to rotation of Earth.

Answer:

Let M, R be the mass and radius of the earth with center O.

g = acceleration due to gravity at a point

An on Earth’s surface.

(a) Variation of g with height: Let go: be the acceleration due to gravity at a point B at a height h above
the earth’s surface

_GM 1
g = Rz ‘( )
. GM
and & = GRany @
2) & R’ i 1
a sives, g (R+h)? ~ h
(3)
R
h -2
or g = g[1+—ﬁ]

If h << R, then using Binomial Expansion, we get

2h
g = g 1-1-

2gh
-~ R - (3)

Thus, from Eqn. (3), we conclude that acceleration due to gravity decreases with height.

(b) With depth: Let the Earth be a uniform sphere.
A _ g9
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Let g« = acceleration due to gravity at a depth d below earth’s surface i.e. at point B.

Let p = density of Earth of mass M.

GM
BT Re - ()
4
where M = Eﬂ:l{“p

Also, let M’ = mass of Earth at a depth d, then
4 3
M = EE(R —d]‘ p

~ ——mR?
g =gz P
4
- GM’
Similarly g (R—_d)
4 .
- EnGp(R—d} ... (iii)
Ba _ R__d - 1.__{1
g R R
560) -
or g =B R e (IV)

From equation (iv), we see that acceleration due to gravity decreases with depth.
Special case: At the center of Earth,d =R
Qo = 0

Hence an object at the center of Earth is in a state of weightlessness.

(c) Variation of g with latitude:
Let m = mass of a particle at a place P of latitude X.
o = angular speed of Earth about axis NS.

N
mre®
- r P
C = o
180° -5
FQg-"______°
? mg'
o 14
5
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As the earth rotates about the NS axis, the particle at P also rotates and describes a horizontal circle of
radius r,
where r=PC =OP cos A, =R cos A

Let g’ be the acceleration due to gravity at P when the rotation of Earth is taken into account. Now due
to the rotation of the earth, two forces that act on the particle at P are:

1. Its weight mg, acting along with PO.
2. Centrifugal force mroo2 along PO’.

=~ The angle between them =180 — A
=~ According to the parallelogram law of vector addition

mg’ = [(mg)® +(mrw?)’ + 2(fg) (mre? ) cos (180° — 1)

= Jm?g? + m*r’o‘ — 2m’gre? cos

_ re' 2re’ N
or g=gl+g2-gcos

a1y 2 2 2
_ g\]l+mR cos"A  2Rw cos?

g g

2
= ng-sz cos™ A
=4

[As Rw2 g is very small (= 1289)so-its square and higher powers are neglected.]
1

2 2
g = [1-2“"‘ cuszl]
g
Using binomial expansion, we get

2
g = [g—%xZRm xgcﬂszl]
g

g = g-Rm’cos’A
= g decreases with the rotation of the earth.

1. Atpoles,A=90°, g =g =0
2. Atequator, =0, g’ =g = 0- Rw~

Clearly g, > g..

Numerical Problems:

Question 1. At what height from the surface of Earth will the value of g be reduced by 36% from the
value at the surface? The radius of Earth, R = 6400 km.

Answer:

Let h be the height above the surface at which g reduces by 36% i.e. becomes 64% of that at the surface
ie.
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= ) = —
g, =64%ofg 100 &
& 100
or e " 6a
RI
we know that g, = [R-;l{-)?
g o2 100
2 _ =R*_ _"R?
or (R +h) g 6
R+h = ‘—SQR - ]—gxﬁ-—-mo - 8000
or h = 8000 - 6400 = 1600 km.

Question 2. A mass of 5 kg is weighed on a balance at the top of a tower 20 m high. The mass is then
suspended from the pan of the balance by a fine wire 20.m long and is reweighed. Find the change in

the weight, R = 6400 km.
Answer:

h=20m

m = mass = 5 kg

R = 6400 km = 64 x 10sm
g =9.8 ms?

As h <R, so from relation,

B e TR

or E—8, _R
Now weight at the foot of tower, W = mg
Now weight at the top of tower, W, = mgs

Change in weight = W - W,

= Mg —mg,
2gh

=m(g—g)=m.=_
R

_ 2mgh

- R

_ 2x5x9.8x20

- 64x10°

= 3.06 x 10* x 9.8 N
= 3.06 x 10~ kgf.
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Question 3. How much faster than its present rate should the Earth rotate about its axis in order that the
weight of the body on the equator may be zero? What will be the duration of the day? The radius of
Earth, R = 6400 km.

Answer:

We know that the value of ‘g’ at latitude A is

0. =g — R w? cos?

at equator A =0,

~cos0=1

“ O =0g—-Rw?

Let : = new angular speed of rotation so that weight at equator becomes zero

ie mg, =0
or g, =0
or g—-Rw] =0

g
o - |

1
or % = a,ﬂ% e (1)
Putting, R = 6400 km= 64 x 10° m-
: : g = 98ms?
T = 24 hour = 24 x 60 x 60
__ 2m

T p 24 % 60x 60
= 7.27 x 10~° mds™

w, I 9.8 -17
® | 727x10°V6.4x10°

@, = 17w _
i.e. the Earth must rotate 17 times faster thair its present speed. Now the duration of the day 24 hours
i.e. earth makes one rotation in 24 hours. When it rotates 17 times faster, it will make 17 rotations in 24
hours

in equation (1), we get

=~ Time for 1 rotation (Duration of Day) = 2417 = 1.412 hours.

Question 4. Show the moon would escape if its speed were increased by 42%.
Answer:

Let M = mass of Earth.

m = mass of the moon,

r = radius of the circular orbit of the moon around the Earth.

Vo = orbital velocity of the moon.

The centripetal force needed by moon = Gravitational force between the Earth and moon

mv, GMm
or = —
r r
GM
or Vo =

r
Escape velocity of moon,

2GM

Y, =

\Evn
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=~ % increase in the velocity of the moon

Ye — Yo L 100

Vo

{\HE— l)vﬂ y
Vo

(1.414—1) x 100

41.4% = 42%.,

100

Question 5. If the Earth has a mass 9 times and a radius twice of the planet Mars, calculate the
minimum velocity required by a rocket to pull out of the gravitational force of Mars. Escape velocity on

the surface of Earth is 11.2 km s-.
Answer:

Let Mm and be the mass and radius of Mars,
and M, R = mass and radius of Earth.

Also, let v and Vm be the escape velocities from Earth and Mars respectively.

v, =
and v, =
MNow M =

R =

v, =

11.2 =
or vV, =

[2GM
R

2GM,,
R

S

2R,
11.2 kms™

2xGxSM_
2R,
3 [6M, 3
V2V R, 2"
_112x1414
3

11-2)( 5

5.279 kms™

Question 6. What would be the duration of the year jf the distance between the Earth and the Sun gets

doubled?

Answer: Let T, = time period of Earth about the Sun when the distance between Sun and Earth is R and
T, = time period of Earth about the Sun when the distance between Earth and Sun is 2R.

Now using the relation,
T2

and T,

CLASS 11: GRAVITATION
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GM( ) G 3T,

24



Bhandari Sir Classes, Indirapuram Ghaziabad, UP, Cell No. 8948818474

F) -

T:l
or T, = 2\5
or T, = 22T,
Since T, =1 year; ... T, = 242 x1=2x 1.414 = 2.828
or . T* = 2.83 years.

Question 7. The period of the moon around Earth is 27.3 days and the radius of its orbit is 3.9 x
105 km. Find the mass of Earth, G = 6.67 x 101t Nm2 Kg=.

Answer:
T = time period = 27.3 days
=27.3 x 24 x 60 % 60s.

r = radius of orbit
=3.9x105km = 3.9 x 108m.

G =6.67 x 10t N m2 kg.
M = mass of Earth = ?

Let m, v be the mass and linear velocity of the moon. Then the centripetal force to the moon is provided
by the force of attraction between Earth and the moon.
mv?> GMm

ie. = —a
r r’

2
- sd@t (o

{2::.—]’ _ GM
or T _f
M

4n*r’
GT?

4x9.87x(3.9x10%)°
6.67x107" x27.3x24%x3600
= 6.31 x 10* kg.

or M =

Question 8. Find the percentage decrease in weight of a body when taken 16 km below the surface of
Earth. Take the radius of Earth = 6400 km.

Answer:

Here, R = 6400 km, d = 16km
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Il

From the formula, 2 g[l — %] . we get

_ [1__1-‘L}
B 7 B G400

400 -1 399
=g -

400 ) 200°%

1
8-8 = 300°

or : B84 _ 1
e 400
If m = mass of the body, then
mg — m
% decrease in its weight = L L 100
mg
= 2784 4 100
2
= -l--xl[]{]
400
_ L 0.25%
- 4 = . 0.

Question 9. A mass M is broken into twao parts m and M —m. How are m and M related so that the
force of gravitational attraction between the two parts is maximum?

Answer:

Let r = distance between two parts i.e. mand M —m

If F be the gravitational attraction between m and M — m, then from Newton’s law of gravitation,

_ Gmm,
= =
~ Gm(M -m)
=
(herem,=m,my,=M—-m)
. = k m(M —m) ()
where, k = G/r’ is a constant

eqn. (i) may be rewritten as:

‘Now for F to be maximum,
M

——-—m =ﬂ

2
ie. m = —

- each piece has equal mass.
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Aliter:
For F to be maximum,

ie. —di must be zero

dm
dF
- =
or M-2m =0
_M
or m = 5

Question 10. A satellite orbits the Earth at a height of 500 km from its surface.

Calculate (i) K.E.

(ii) P.E.

(iii) Total energy.

Mass of satellite is 300 kg, mass of Earth is 6 x 102 kg, radius of Earth = 6.4 x 10s m, G = 6.67 x 10-
1 Nmz kg2 Will your Answer alter if the Earth were to shrink suddenly to half its size?

Answer:

R =6.4x10°m

G =667x10"Nm*°Kg~

h = 500 % 10°m

r = R+h=(6.4+0.5)x10°
= 6.9x%x10°m

m = 300 kg
M = 6x10"kg

. ] L1 GM
(i) K_.E. of satellite = —z—mw = —m[ ]

2 R+h
_ 1 < 300 X 6.67x107" x6x10*
S 2 6.9x10°
= 8.7x10°)
(if) PE. of satellite = — oM™
T
_ 6.67x107"" x6x10™ x300
7x10° .
1 = 17.4 % 10°).
(iii) Tetal = K.E. + P.E.
= 8.7 10°+ (- 17.4 x 10
= _87x10%).

If the earth shrinks suddenly to half its radius (R becomes R/2) but r = (R + h) remains unchanged, then
the Answer will not alter.

Question 11. If a body is projected with a velocity v greater than ve (escape velocity from Earth’s
surface), find its velocity in interstellar space.

Answer: Let v’ be the velocity of the body of mass m in interstellar space where the gravitational field
of Earth is zero; so the P.E. of the body is also zero.
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=~ According to the law of conservation of energy,
we have, K.E. + RE. at the surface of Earth
= K.E. in intersteller space

lmv2+[—-Gmm\ = lmv‘z + 0
or 3 R ) = 2
20M
- —_
or v \'e =
o (.- E59)
v — v, - R
v = vZ _ w2

Question 12. What will be the acceleration due to gravity on the surface of the moon if its radius is
1/4th of the radius of Earth and its mass 1/80th of the mass of Earth?
Answer:The value of acceleration due to gravity is g =GMRz

2
gm me[REJ

g. M R,

Here M. = s _1
ereM, = 3o Rn= 3R
l .
B. T EEMEX 4R, ng
Mc Rl )
= A8 o8 ms?
gg o ms
g, = L.96 ms™.

Question 13. Consider an Earth satellite so positioned that it appears stationary to an observer on Earth
and serves the purpose of a fixed relay station for intercontinental transmission of television and other
communications. What should be the height at which the satellite should be positioned and what would
be the direction of its motion? (Radius of Earth R = 6400 km.)

Answer:

Suppose the satellite is stationed at height h from the surface of the Earth, then

1
(R +h) — [tszg]a

4’
Here, R=6.4 x 10°m, T =24 x 60 x 60s, g =9.8 ms™?

]
R+h = [{364005)2 x (6.4 x10°m)* x9.8ms* j|3
49 87
= 42.3 % 10°m
or h =423 =% 10°m—64 x 10°m

35.9 x 10° m.

Question 14. If the moon followed a circular orbit of radius r around the Earth with a uniform angular
velocity co, so that 22 = gR2, where R is the radius of the Earth and g the acceleration due to gravity.
If r = 60R and the period of revolution of the moon around the Earth is 27.3 days. Find R.
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mv?> _ GM

r

GM

or v o=

r

oM

or wir = .
or ®’r = GM =gR?

Thus - ()Y
- (5 ) ae)

Answer:
9.8 x (86400) x(27.3)

4x9.87x3600.
r = 3.84 x 10°m.

Question 15. The mass of asteroid Ceres is approximately 7 x 102 kg and its diameter is 1100 km.
What is the value of acceleration due to gravity at its surface? What would be the weight of an 80 kg
astronaut on this asteroid?

Answer:

The radius of the asteroid Ceres,

1100
= 5 x 107 =550 x 10° m
Mass of asteroid, M = 7x 10%kg
Mass of astronaut, m = 80 kg
g =7
W =2
GM
value of 8 = R2
6.67 x 107" Nm?kg ™ x 7 x 10
or. g = R kg
(550x10°m)
= 0.15 ms™

=~ Weight of astronaut, W = mg = 80 x 0.15 ms? = 12N,

Question 16. The mass of the Sun is 2 x 10% kg and its radius 7 x 108 m. Calculate the rate of emission
of radiation from it if its radius shrinks at the rate of 1 x 10* ms-.

Answer:
The self-energy of the Sun, considering it spherical in shape, is given by
-3 GM?
V= —
5 r

Rate of emission of radiant energy

v _ -3 d(GM*]

r

dt 5 dt
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]

ﬂi[GM’ JE
5 dr r dt
3GM? dr

d o

5 dt

G = 6.67 x 107" Nm2 kg™~
M = 2.0 x 10™ kg and

r =7x10°m

Now

dr

= 1x10*ms"
at ms

dv  3x6.67x10" Nm’kg™? x(2.0x10*kg)" x1x10*ms™
dt 5x(7x10°m)’
= 2.36 x 10%® Js',

Question 17. Two stars of mass 3 x 103 kg each, in a double star, rotate about their common center of
mass 101 m part

(i) Calculate their common angular speed.

Answer:

Let one-star move in a circular orbit of radius R, then gravitational pull provides the necessary
centripetal force. Also, the distance between two stars = x, and they have equal mass then x = 2R.
Therefore,

GMM
. L
or ® = [GM )*
4R’

Substituting the given values, we have
R 1

6.67x10""Nm’kg > x3x10"kg |2
4x(10')°

7.073 x 1077 rads™'
22.31 rads™

(ii) If a meteorite passes through its center of mass moving at right angles to the line joining the stars.
In order to escape from the gravitational field of the double star what should be the speed of the
meteorite?

Answer:

The meteorite can escape from the gravitational field if the sum of its K.E. and P.E. due to the two stars
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is greater than O i.e.
(K.EY+(PE) = 0

1 , GMm
or —my" — =0
2 r -
1, 2GMm
or —my >
r
X
Since r = 3 (position of centre of mass)
and x = 2R
v, > (4SMY;
R
. - I
Vv = 4x6.67x107" Nm’kg™ x3x107" 2
e lnl:l
= 28.29 x 10 ms™'.

Question 18. Neglecting the presence of other planets and satellites, calculate the binding energy of the
Sun-Earth system. Mass of Earth ME = 6 x 10% kg, mass of Sun = 1.98 x 10% kg, Orbital radius of
Earth R=1.5 x 10 m.
Answer: The binding energy is equal to the amount of energy spent in bringing the Earth-Sun system
from infinity to the distance R. In other'words, this is equal to the energy required to separate them to
infinity hence it is equal to (P.E.)g
~GM M,
R
Here, M, =198 x 10* kg
M. =6x 10" kg
R =1.5x10"m™
G =6.67 x 10""Nm? kg

6.67x10"" Nm’kg 2 x1.98x10™kg x 6 x10**
1.5x10"'m

E =

_ 6.67x1.98 %107

or E =-528x10"].

Question 19. If the radius of the Earth decreases by 10%, the mass remaining unchanged, what will
happen to the acceleration due to gravity?

Answer:

Here, let M, R be the mass and radius of the earth. If g be the acce. to due to gravity on earth’s surface,
then

GM
g = Rr= © e (1)
Let R be the reduced radius,

R = R—10%of R=R — = = >R
- iueo ~ 10 10

If g’ be the new value of acceleration.
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., _ GM
o = _ GM

( )
lﬂ

Increase in the value = g' — g

or % increase = 23.5%.

Question 20. The ratio of the radii of the planets P, and P- is k'and the ratio of the acceleration due to
gravity on them is r. Calculate the ratio of the escape velocities from them.

Answer:

Let r. and r; be the radii of the planet P, and P. respectively having respective accelerations due to
gravity g: and g.

L]

k=1

] &
an r B:

If v and v be the escape velocities from P, and P- respectively, then using the relation,
v J2gR , we get

v, = nger e (1)
"and va = f2g,R, e (2)

& ives ,v_l — vEiR _g,l_.r_l
@ & v, Jeor, Ve. n
- Jk = Jir

Question 21. Calculate the temperature at which oxygen molecules can escape from the surface of
Earth. Assume the radius of Earth as 6.4 x 106 m and g = 9.8 ms?, the universal gas constant, R = 8.4 J
mol- k-,

Answer:

Here, R. = radius of Earth = 6.4 x 105 m

If a ve be the escape velocity of oxygen molecules from Earth’s surface, then

ve = 28R,

= J2x9.8x6.4x10°

= J(4x8)* <10°*

= 1.12 % 10* ms™' e (1)
According to the kinetic theory of gases, the most probable velocity of the molecules of a gas is given
by,
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2KT 2RT
v, = \[m = e (2)
where M = molecular weight of the gas = 32 x 10 kg for O..
R =8.4J mol+ k*
For the escape of the gas molecules,
vt = VI'I'J
_ [2RT
M
T = Mv:
or = R
_ 32x107 x(1.12x10*)°
2x8.4 '
= 2.4 x 10°K.

Question 22. Find the gravitational force of attraction on a uniform rod of length L and mass m due to
uniform earth as shown in Fig. How the rod will behave if L <<'.

dx

?

!

| S —

Answer:
Let M, R be the mass and radius of earth respectively. As the earth is uniform, so its whole mass may
be supposed to be concentrated at its center O.

Let dF be the force due to earth on the mass element dx at a distance x from O.

dF = GMdm .

= =0 e (1)
h d = de

where m = L

If F be the total force on the rod, then
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o e poMmg,

L

GMm 1 1
|:r+L rj|

_GMm[r—(r+L})]
L  r(r+L)

GMm (-L)
L (r+D)r
. GMm
F = L) e (2)

Now if the rod is very small as compared to its distance from the earth i.e. if r>> L, thenr+ L =r.

= From (2), we get F = GMmr2
i.e. the rod behaves as a point mass lying at a distance r from the center of the earth.

Question 23. Calculate the scale reading of a spring balance having a body suspended to itand is in a
ship sailing along the equator with a speed v. (NOT IN SYLLABUS)

Answer:

Let m = mass of the body suspended

W, = scale reading of the spring balance when the ship is at rest

Let © = angular speed of rotation of the Earth of radius R
=~ The value of g at equator is given by

9o = (9 — Re?)

~ W, = mge = m(g — rcoz) (1)

when the ship sails from west to east with the speed v on Earth’s surface, then its angular speed vR gets
addedtowi.e. ® =® + VR
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scale reading = mg’
mfg— R .®"?).

cofexferd]

= m|g ——R.(mz + zsvﬂ

N A 2
neglecting RZ sV <<R

= m[g - Rw?* - 2mv]
= m(g - R®?) - 2@vm

m(g-w)[n-—z“i‘*—“l

g-Rao’ |

= WDlLl *m" by using (1) ....(2)

|
-

similarly if the ship sails from east to west, then the scale reading is given by

20V
= WU |_I + -g—-—-—;—ﬁaz-_} waae (3)
L ]
.~ From (2) and (3), we get
i 2mv
Scale reading = Wo _1 i’_"—_g "R J
_ W, |1z 2“"—"}
R g

if g >>Rw®

Question 24. Calculate the minimum work done in bringing a spaceship of mass 1000 kg from the
surface of Earth to the moon.

Answer:

Let M., M: = masses of earth and moon respectively.

Ri:, R. = radius of earth and moon respectively,

m = mass of spaceship.

If U; and U: be the gravitational P.E. of the spaceship on Earth and the moon respectively, then

U, = ~GMm
R]

and U, = —oM.m
R,

The total work (W) will have to be done on the spaceship first against the gravity of Earth and-then
against the gravity of the moon through the zero-gravity region while going from the Earth to theme on.
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| GM
ie. W =0- [——Rﬂ] +0- [—Grl:'!m)
1 i
GM1m+GM2m
R, R,
w o [GM: GMA
or - L E{| R! _}

Question 25. Taking moon’s period of revolution about the Earth as 30 days, calculate its distance
from the Earth;
G =6.67 x 102Nm? Kg?, M = mass of Earth = 6 x 10 kg.

Answer:

Here, T = 30 days = 30 x 24 x 3600s
=30 x 86400 s

G =6.67 x 101 Nm2Kg-2

M =6 x 10 kg

Let m = mass of moon.
Let x = distance of moon from Earth = ?

Here, the force of attraction between moon and Earth provides the centripetal force to the moon i.e.

2 2
GMm  mv? (——_’l?‘—J
X2 = " = TS
X
4m°x* GM
o T 4N x
or o = T°GM
47’
_ (30x86400)" x6.67x 107" x 6 10%*
4x9.87
= 6.811 x 107
3logx = 27.8332
27.8332
or lox x = 3 =9.2777

x = Anti log9.2777=19x 10°m

Value-Based Type:

Question 1. Suresh was struggling to understand Kepler’s second law of planetary motion. Then his
friend Raman who came to him explained how the planet moves around the sun obeying Kepler’s law
of planetary motion.

(a) Comment upon the values of Raman.

Answer:

Raman shares his friends and wants to improve his knowledge in the subjects, has a concern towards
his friends.
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(b) State Kepler’s laws of planetary motion.

Answer:

Kepler’s 1st law of planetary motion: Every planet revolves around Sun in an elliptical orbit with Sun
at one of its foci. BacondlawsThe radius vector joining the center of Sun and planet sweeps out equal
areas in equal intervals of time i.e. areal velocity of the planet around the Sun always remains constant.
Third law: The square of the time period T of revolution of a planet around the Sun is proportional to
the cube of the semi-major axis R of its elliptical orbit i.e.

T2 x R3

Question 2. Suresh went to a picnic on a hill station. The teacher told all the students to weigh by
weighing machine before going to the hill station. His weight was 56 Kg. When we reached the hill
station along with his friends, our teacher again told us to find their weight using a weighing machine
installed in front of a shopping mall. He found that his weight was lesser than 56 Kgi.e 52 Kg, He was
surprised and asked the teacher the reason behind it. The teacher explained that the acceleration due to
gravity decreases as we go up from the ground. Hence, your weight will be lesser than on the ground.
(1) What values of Suresh are displayed here?

Answer:

Awareness, intelligence, and logic.

(if) Why does the teacher tell everyone to find their weight?
Answer:
The teacher wanted to explain the acceleration due to gravity through the demonstration method.

(iii) If a body is taken to a height equal to the radius of the earth from its surface, how will the weight
of a body change?

Answer:

We know that:

[h=R (given)]

— By =

£ =

Hence, the weight of the body will reduce to one-fourth of its original weight on the surface of the
earth.

Question 3. Two friends Jagat and Ram are discussing escape velocity, Jagat told that if a body is
projected vertically upwards with escape velocity, it will cross the earth’s gravitational field and will
never come back to the earth’s surface again. Ram was not convinced with Jagat. So, they went to ask
their physics teacher about escape velocity. The teacher explained to him about escape velocity:

(1) What values are displayed by Jagat and Ram? Is Jagat’s definition was correct?

Answer:

Yes, Jagat’s definition was correct.

Values are: Curious to know, intelligent, co-operative, helping and sharing their ideas.
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(if) What is the value of escape velocity?

Answer:

We know that:

Ve=2 gRE—— \

[ On substituting the values g and RE]
=112km/s

This is the value of escape speed, sometimes loosely called the escape velocity.

Question 4. Abhinav and Ankit are in the same section of class 11. Ankit fell sick for two days. So, he
could not attend the classes. In two days his physics teacher explained about “Earth Satellites” and
“Weightlessness”. Abhinav explained these two topics to Ankit later on Sunday.

(i) Which values are displayed by Abhinav?

Answer:

The values displayed by Abhinav are:

Helping nature, Ability, and Willingness to explain, patience

(i) Find an expression for the weight of a body at the center of the Earth.

Answer:

We know that the value of acceleration due to gravity at a depth “d” below the surface of the earth is
given by at the center of the earth

_ ]_i]
a8 R

at the centre of theearth|d=R

| , R
g cenre =8 =8| | ——

R
= g(l=-1)=gx0=0

- Weight of a body at the center of the earth mg’=m X o =0
So, the body will be weightless.
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