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1. Choose the correct option.

Question 1.

The value of acceleration due to gravity is maximum at

(A) the equator of the Earth

(B) the centre of the Earth.

(C) the pole of the Earth.

(D) slightly above the surface of the Earth.

Answer:

(C) the pole of the Earth.

Question 2.

The weight of a particle at the centre of the Earth is
(A) infinite.

(B) zero.
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(C) same as that at other places.

(D) greater than at the poles.

Answer:

(B) zero.

Question 3.

The gravitational potential due to the Earth is minimum at
(A) the centre of the Earth.

(B) the surface of the Earth.

(C) a points inside the Earth but not at its centre.
(D) infinite distance.

Answer:

(A) the centre of the Earth.

Question 4.

The binding energy of a satellite revolving around planet in a circular orbit
is 3 x 10?2 J. Its kinetic energy is

(A)6 x 10°J
(B)-3 x10°J
(C)-6 x 10*°J
(D) 3 x 10%%J
Answer:

(D) 3 x 10%%J

2. Answer the following questions.
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Question 1.

State Kepler’s law equal of area.

Answer:

The line that joins a planet and the Sun sweeps equal areas in equal intervals of time.
Question 2.

State Kepler’s law of period.

Answer:

The square of the time period of revolution of a planet around the Sun is proportional to
the cube of the semimajor axis of the ellipse traced by the planet.

Question 3.

What are the dimensions of the universal gravitational constant?
Answer:

The dimensions of universal gravitational constant are: [L2M™*T2].
Question 4.

Define binding energy of a satellite.

Answer:

The minimum energy required by a satellite to escape from Earth ‘s gravitational
influence is the binding energy of the satellite.

Question 5.
What do you mean by geostationary satellite?

Answer:
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Some satellites that revolve around the Earth in equatorial plane have same sense of
rotation as that of the Earth. The also have the same period of rotation as that of the
Earth i.e.. 24 hours. Due to this, these satellites appear stationary from the Earth’s
surface and are known as geostationary satellites.

Question 6.

State Newton’s law of gravitation.
Answer:

Statement:

Every particle of matter attracts every other particle of matter with a force which is
directly proportional to the product of their masses and inversely proportional to the
square of the distance between them.

Question 7.
Define escape velocity of a satellite.
Answer:

The minimum velocity with which a both’ should he thrown vertically upwards from the
surface of the Earth so that it escapes the Earth ‘s gravitational field, is called the escape
velocity (v,) of the body.

Question 8.

What is the variation in acceleration due to gravity with altitude?
Answer:

Variation in acceleration due to gravity due to altitude is given by, g, = g(RR+h)2
where,

g, = acceleration due to gravity of an object placed at h altitude

g = acceleration due to gravity on surface of the Earth
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R = radius of the Earth
h = attitude height of the object from the surface of the Earth.

Hence, acceleration due to gravity decreases with increase in altitude.
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Question 9.

On which Factors does the escape speed of a body from the surface of Earth depend?
Answer:

The escape speed depends only on the mass and radius of the planet.

[Mote: Escape velocity does not depend upon the mass of the body]

Question 10.
As we go from one planet to another planet, how will the mass and weight of a body change?
Answer:

1. As we go from one planet to another, mass of a body remains unaffected.
2. However, due to change in mass and radius of planet, acceleration due to gravity acting
on the body changes as, g = %

M

Hence, weight of the body also changes as, W = 7

Question 11.

what is periodic time of a geostationary satellite?

Answer:

The periodic time of a geostationary satellite is same as that of the Earth i.e., one day or 24
hours.

Question 12,
State Newton's law of gravitation and express it in vector Form.
Answer:

1. Statement:
Every particle of matter attracts every other particle of matter with a force which is
directlv oroportional to the product of their masses and inverselv oroportional ko the
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square of the distance between them.
2. In vector form, it can be expressed as,

_}
Fgl = Grl:ﬂlr?n:|2 (—f‘gl)

where, I'9; is the unit vector from my to m;.
_}
The force F o is directed from m; to m.

Question 13.
what do you mean by gravitational constant? State its Sl units.
Answer:

1. From Newton's law of gravitation,

my; o
F=G ]22
T

where, G = constant called universal gravitational constant Its value is 667 X 10711 N
m?/kg?.

2.G= Df.r;z
IFmy=m3;=1ka, r=1mthenF=0G.
Hence, the universal gravitational constant is the Force of gravitation between two
particles of unit mass separated by unit distance.

3. Unit: N m?/kg? in Sl system.

Question 14.
Why is a minimum two stage rocket necessary for launching of a satellite?
Answer:

1. For the projection of an artificial satellite, it is necessary for the satellite to have a certain
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1. For the projection of an artificial satellite, it is necessary For the satellite to have a certain
velocity.

2. In a single stage rockek, when the Fuel in first stage of rocket is ignited on the surface of
the Earth, it raises the satellite vertically.

3. The velocity of projection of satellite normal to the surface of the Earth is the vertical
velocity.

4. If this vertical velocity is less than the escape velocity (v.), the satellite returns to the
Earth's surface. While, if the vertical velocity is greater than or equal to the escape
velocity, the satellite will escape From Earth's gravitational influence and go to infinity.

5. Hence, minimum two stage rocket, one to raise the satellite to desired height and
another to provide required hori7ontal velocity, is necessary for launching of a satellite.

Question 15.

State the conditions for various possible orbits of a satellite depending upon the horizonktal
speed of projection

Answer:

The path of the satellite depends upon the value of horizontal speed of projection v, relative to
critical velocity v, and escape velocity ve.

Case (I) vy < vz

The orbit of satellite is an ellipse with point of projection as apogee and Earth at one of the foci.
During this elliptical path, if the satellite passes through the Earth's atmosphere. it experiences
a nonconservative Force of air resistance. As a result it loses energy and spirals down to the
Earth.

Case () v, = v

The satellite moves in a stable circular orbit around the Earth.

Case (Ill) ve < v, < Ve

The satellite moves in an elliptical orbit round the Earth with the point of projection as perigee.
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Case (IV) vy, = V.

The satellite travels along parabolic path and never returns to the point of projection. Its speed
will be zero at infinity.

Case (V) vy > Var

The satellite escapes from gravitational influence of Earth traversing a hyperbolic path.

3. Answer the Following questions in detail.

Question 1.

Derive an expression for critical velocity of a satellite.
Answer:

Expression for critical velocity:

1. Consider a satellite of mass m revolving round the Earth at height h above its surface. Let
M be the mass of the Earth and R be its radius.

2. If the satellite is moving in a circular orbit of radius (R + h) =r, its speed must be equal to
the magnitude of critical velocity v..

3. The centripetal Force necessary for circular motion of satellite is provided by gravitational
force exerted by the satellite on the Earth.
.. Centripetal force = Gravitational force

mv;, GM
r r
. GM
vi=—0vo
r
GM
V. = —_—
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This is the expression for critical speed at the orbit of radius (R + h).

4. The critical speed of a satellite is independent of the mass of the satellite. It depends
upon the mass of the Earth and the height at which the satellite is revolving or
gravitational acceleration at that altitude.,

Question 2.

Stake any four applications of a communication satellite.
Answer:
Applications of communication satellite:

1. For the transmission of television and radiowave signals over large areas of Earth's
surface.

2. For broadcasting telecommunication.

3. For milicary purposes.

4. For navigation surveillance.

Question 3.

show that acceleration due to gravity at height h above the Earth's surface is g;, = g{%]z
Answer:
Variation of g due to altitude:

1. Lek,
R = radius of the Earth,
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R = radius of the Earth,
M = mass of the Earth.
g = acceleration due to gravity at the surface of the Earth.
2. Consider a body of mass m on the surface of the Earth. The acceleration due to gravity on
the Earth's surface is given by,

g

3. The body is taken at height h above the surface of the Earth as shown in figure. The
acceleration due to gravity now changes to,

GM
an = {R—h]z ............. (2)
4, Dividing equation (2) by equation (1), we get,

GM

g _(R+h)

g OM
RE

& __R

g (R+h)

_ &’
& Ry
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We can rewrite,
gR*

P 3
R’Lh- h]
R

h Y2
gh=g[l+E]

h
V. For small altitude h, i.e., for R << 1, by

En=

h
neglecting higher power terms of R
2h
2= g[l _EJ

This expression can be used to calculate the value of g at height h above the surface of
the Earth as long as h<<R.

Question 4.

Draw a labelled diagram to show different trajectories of a satellite depending upon the
tangential projection speed.
Answer:

¢ /VVV V) i
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Point of projection

\ ¥y = ¥ I-ll

Circle

Ve S VS Ve fr
Ellipse with ~ /
g
vy, = horizontal speed of projection
v . = critical velocity
V. = escape velocity

Question 5.
Derive an expression for binding energy of a body at rest on the Earth's surface.

Answer:

1. Let,
M = mass of the Earth
m = mass of the satellite
R = radius of the Earth.
2. Since the satellite is at rest on the Earth, v=0
. Kinetic energy of satellite.
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-

K.E:%mvzzﬂ

3. Gravitational potential at the Earth's surface
__GM
- R
.. Potential energy of satellite = Gravitational potential x mass of satellite
GMm

4, Tlt:rl:alF:em'-m_t,n.,.r of sitellite =TE=P.E+K.E
. TE=-8Mm 4o _Glm

5. Megative sign in the energy indicates that the satellite is bound to the Earth, due to
gravitational force of attraction.

6. For the satellite to be free form Earth's gravitational influence, its total energy should
become positive. That energy is the binding energy of the satellite at rest on the surface

of the Earth.

. _ GMm
S B.E.= =
Question 6.
wWhy do astronauts in an orbiting satellite have a feeling of weightlessness?
Answer:

1. For an astronaut, in a satellite, the net force towards the centre of the Earth will always
be, F=mg-N.
where, N is the normal reaction.

2. In the case of a revolving satellite, the satellite is performing a circular motion. The
acceleration For this motion is centripetal, which is provided by the gravitational
acceleration g at the location of the satellite.
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3. In this case, the downward acceleration, ag = g, or the satellite (along with the astronaut)
is in the state of free Fall.

4. Thus, the net force acting on astronaut will be, F = mg —magq i.e., the apparent weight will
be zero, giving the feeling of total weightlessness.

Question 7.
Draw a graph showing the variation of gravitational acceleration due to the depth and altitude
from the Earth's surface.

Answer:
Al
)
¢ i Qt%
L i -
& | %,
" ' %
& :
0 depth +—t = R— altitude r
Question B.
At which place on the Earth's surface is the gravitational acceleration maximum? Why?
Answer:

1. Gravitational acceleration on the surface of the Earth depends on latitude of the place as
well as rotation and shape of the Earth.

2. At poles, latitude 6 = 90°.
~g'=g
i.e., there is no reduction in acceleration due to gravity at poles.
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3. Also, shape of the Earth is actually an ellipsoid, bulged at equator. The polar radius of the

Earth is 6356 km which minimum. As g = L acceleration due to gravity is maximum at

Rr?'
polesi.e., 9.8322 m/s°.

Question 9.
At which place on the Earth surface the gravitational acceleration minimum? Why?
Answer:

1. Gravitational acceleration on the surface of the Earth depends on latitude of the place as
well as rotation and shape of the Earth.

2. At equator, latitude 8 = 0°.
g =g-Rw?
i.e., the acceleration due to gravity js reduced by amount Rw?(= 0.034 m/s?) at equator.

3. Also, shape of the Earth is actually an ellipsoid, bulged at equator. The equatorial radius
of the Earth is 6378 km, which is maximum. As g = % acceleration due to gravity is

minimum on equator i.e., 9.7804 m/s’.

Question 10.

Define the binding energy of a satellite. Obtain an expression for binding energy of a satellite
revolving around the Earth at certain attitude.

Answer:

The minimum energy required by a satellite to escape from Earth 's gravitational influence is the
binding energy of the satellite.
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Expression for binding energy of satellite revolving in circular orbit round the Earth:

1. Consider a satellite of mass m revolving at height h above the surface of the Earthin a
circular orbit. It possesses potential energy as well as kinetic energy.
2. Let M be the mass of the Earth, R be the Radius of the Earth, v be critical velocity of

satellite, r = (R + h) be thec radius of the orbit.

3. Kinetic energy of satellite = 2mv2 = % Gf‘;{m

2
4, The gravitational potential at a distance r from the centre of the Earth is —g

.. Potential energy of satellite = Gravitational potential * mass of satellite
GMm

T
5. The total energy of satellite is given as T.E. = KF. + P.E.
_1GMm _ GMm _ _ 1 GMm

2 r r - 2 0T
6. Total energy of a circularly orbiting satellite is negative. Negative sign indicates that the
satellite is bound to the Earth, due to gravitational force of attraction. For the satellite to
be free from the Earth's gravitational influence its total energy should become zero or
positive.

7. Hence the minimum energy to be supplied to unbind the satellite is ++ GMm

3~ 1 . This is the

binding energy of a satellite.

Question 11.

Obtain the Formula For acceleration due to gravity at the depth 'd’ below the Earth's surface.
Answer:

1. The Earth can be considered to be a sphere made of large number of concentric uniform
spherical shells.

2. When an object is on the surface of the Earth it experiences the gravitational Force as if
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the entire mass of the Earth is concentrated at its centre.
3. The acceleration due to gravity on the surface of the Earthis, g= iﬁl

4, Assuming that the density of the Earth is uniform, mass of the Earth is given by
M = volume x density = % nrR’p

. GX%N'R:IP 4
Q:TZE"RPG .............. {1)

5. Consider a body at a point P at the depth d below the surface of the Earth as shown in
Figure.

Here the force on a body at P due to outer spherical shell shown by shaded region, cancel
out due to symmetry.
The net force on P is only due to the inner sphere of radius OP =R —d.
6. Acceleration due to gravity because of this sphere is,
GM'
(R-d)
where,
M’ = volume of the inner sphere > density

gd:

4 3
M = Eﬂ:[ﬂ—d] xp

Gx gﬂ[l{—d]jp
(R-d)’

g.d=
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4
ga= Gxiﬂ(k-d]p edl2)
vii.  Dividing equation (2) by equation (1) we get,
8 _R- d
g R
&, 4
g R
Ba= E R

This equation gives acceleration due to gravity at depth d below the Earth's surface.

Question 12.
State Kepler's three laws of planektary motion.
Answer:

= All planets move in elliptical orbits around the Sun with the Sun at one of the Foci of the
ellipse.

= The line that joins a planet and the Sun sweeps equal areas in equal intervals of time.

= The square of the time period of revolution of a planet around the Sun is proportional to
the cube of the semimajor axis of the ellipse traced by the planet.

Question 13.
State the formula For acceleration due to gravity at depth ‘d’ and altitude ‘i Hence show that

R—d
R-2h

) by assuming that the altitude is very small as compared to the

their ratio is equal to (
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their ratio is equal ko (%) by assuming that the altitude is very small as compared to the

radius of the Earth.
Answer:

1. For an object at depth d, acceleration due to gravity of the Earth is given by,

TR TU ) OR— (1)
2. Also, the acceleration due to gravity at smaller altitude h is given by,
gn=9(1- 2—Rh} ................ (2)
3. Hence, dividing equation (1) by equation (2},
we get,
d
8 _ E("R] _R-d R
& g1-2h) R R-2h
% R 4
& _ R-d
g, R-2h
Question 14.

What is critical velocity? Obtain an expression For critical velocity of an orbiting satellite. On

what factors does it depend?

Answer:
The exact horizontal velocity of projection that must be given to a satellite at a certain height so

that it can revolve in a circular orblt round the Earth is called the critical velocity or orbital

velocity (v).
Expression For critical velocity:

1. Consider a satellite of mass m revolving round the Earth at height h above its surface. Let
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M be the mass of the Earth and R be its radius.

2. If the satellite is moving in a circular orbit of radius (R + h) =, its speed must be equal to
the magnitude of critical velocity v..

3. The centripetal force necessary for circular motion of satellite is provided by gravitational
force exerted by the satellite on the Earth.
.. Centripetal force = Gravitational Force

mv; GMm
r r
. GM
vi=—0
r
GM
v, =, [—

e O

This is the expression for critical speed at the orbit of radius (R + h).

4. The critical speed of a satellite is independent of the mass of the satellite. It depends
upon the mass of the Earth and the height at which the satellite is revolving or
gravitational acceleration at that altitude.

Question 15.

Define escape speed. Derive an expression for the escape speed of an object from the surface
of the earth.
Answer:

1. The minimum velocity with which a both’ should he thrown vertically upwards from the
surface of the Earth so that it escapes the Earth ‘s gravitational field, is called the escape
velocity (v.) of the body.
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2. As the gravitational Force due to Earth becomes zero at infinite distance, the object has
to reach infinite distance in order to escape.

3. Let us consider the kinetic and potential energies of an object thrown vertically upwards
with escape velocity v..

4, On the surface of the Earth,

KE=tmv}
_ " GMm
PE.= =
Total energy = P.E. + K.E.
. _1._..2 GMm
S TE=smve R e (1)

5. The kinetic energy of the object will go on decreasing with time as it is pulled back by
Earth's gravitational Force. It will become zero when it reaches infinity. Thus, at infinite
distance from the Earth,

K.E.=0
Also,

o0

- Totalenergy=P.E.+K.E.=0
6. As energy is conserved

%mvg — % =0.... [From(1)]
2GM
onvVa= R
Question 16.

Describe how an artificial satellite using two stage rocket is launched in an orbit around the
Earth.
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Answer:

1. Launching of a satellite in an orbit around the Earth cannot take place by use of single
stage rocket. It requires minimum two stage rocket.

2. With the help of first stage of rocket, satellite can be taken to a desired height above the
surface of the Earth.

3. Then the launcher is rotated in horizontal direction i.e.. through 900 using remote control
and the first stage of the rocket is detached.

4. With the help of second stage of rocket, a specific horizontal velocity {vy,) is given to
satellite so that it can revolve in a circular path around the Earth.

5. The satellite follows different paths depending upon the horizontal velocity provided to
it.

4. Solve the following problems.

Question 1.

At what distance below the surface of the Earth, the acceleration due to gravity decreases by
10% of its value at the surface, given radius of Earth is 6400 km.

Solution:

Given: gg=90% of g i.e., % =0.9,

R = 6400km = 6.4 x 10° m

To find: Distance below the Earth's surface (d)

Formula: 2= gl ]-E |
.\ R)J

Calculation: From formula,
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E
=6.4%10°x 0.1
=640 x 10° m
= 640 km

At distance 640 km below the surface of the Earth, value of acceleration due to gravity

decreases by 10%.

Question 2.
If the Earth were made of wood, the mass of wooden Earth would have been 10% as much as it

is now (without change in its diameter). Calculate escape speed from the surface of this Earth.
Solution:
Given: M, = 10%0f M = %.D,;Dm R, =R,

To find: Escape speed (v,)

2GM
Formula: Ve = ‘lIT

Calewlation: From formula,

. o,

Cw ,“ R.
Veo _ [2GM, R
v. R, 2GM
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B 1
Vc“ - \'IE = ﬁ
As, we know that the escape speed from surface of the Earth is 11.2 km/s, Substituting value of
ve=11.2 km/s

- 1o 112
Vew=112x —= = 735
_ 1
=11.2x 1

............... [Taking square root value]

= antilog {log(1 1.2) - Log(3.162)}

= antilog {1.0492 — 0.5000}

= antilog {0.5492} = 3.542

5 Ve = 3.54km/s

The escape velocity from the surface of wooden Earth is 3.54 km/s.

Question 3.

Calculate the kinetic energy, potential energy, total energy and binding energy of an artificial
satellite of mass 2000 kg orbiting at a height of 3600 km above the surface of the Earth.
Given:- G = 6.67 = 101" NmZ/kg?

R = 6400 km

M=6x102kg

solution:

Given:-m = 2000 kg, h = 3600 km = 3.6 x 105 m,

G =6.67 x 107" Nm2/kg?

R = 6400 km

M=6x102kg
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To find: i) Kninetic energy (K.E.)
ii) Potential Energy (P.E.)

iii) Total Energy (T.E.)

iv) Binding Energy (B.E.)

Foroudoe: & KB =
2[:R+h}
it GMm
. PE-=- = _X(K.E.
- (R +h} ( )

iii. T.E.=K.E.+P.E.
v. B.E.=-T.E.
Caleulation: From formula (1),
6.67x107" x6x10% x 2x10°

- 2x[[ﬁ.4xlﬂﬁ]+{3.ﬁxlﬂﬁ)]
_ 667x6x 10

10°
=40.02x10")

From Formula (ii),

P.E.=-2 x 40.02 x 10°

=-80.04 x 10° J

From Formula (iii),

T.E. = (40.02 = 10%) + (-80.02 = 10%)

=-40.02 x 10° J

From Formula (iv),

B.E.=-(-40.02 x 107)

=40.02 = 10° J

Kinetic energy of the satellite is 40.02 x 10° J, potential energy is -80.04 x 10° J, total energy is

-40.02 x 10° J and binding energy is 40.02 x 10° J.
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Question 4.
Two satellites A and B are revolving around a planet. Their periods of revolution are 1 hour and 8
hours respectively. The radius of orbit of satellite B is 4 x 10 km. find radius of orbit of satellite

A

solution:

Given: T, = 1 hour, Tg = 8 hour,
rg=4x 10 km

To find: Radius of orbit of satellite A (ra)

Formula: T= lx,J-E:—
oM

Calculation: From formula,
4n’r’
T= GM
T
. an’r’
(" oy

= constant for a planet)

Fa ™
1]
=

=

ra=1x10"km
Radius of orbit of satellite A will be 1 x 10* km.
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Question 5.

Find the gravitational force between the Sun and the Earth.

Given Mass of the sun = 1.99 x 10°% kg

Mass of the Earth = 5.98 x 10°* kg

The average distance between the Earth and the Sun=1.5 x 10"" m.
Solution:

Given: Mg = 1.99 x 10°% kg

Mg =5.98 x 10?* kg, R=1.5 x 10" m.

To find: Gravitational force between the Sun and the Earth (F)

G
Formula: F = mrlg =

Calculation:As, we know, G = 6.67 x 107" N m?/kg?

From Formula,
F= GMM
R!‘

6.67x10"" x1.99x 10™ x 5,98 x 10
(15x10°)

 6.67x1.99%5.98
N 225

= antilog {(log(6.67) + log( 1.99) + log(5.98) — log(2.25)} x 102"

= antilog {(0.8241) + (0.2989) + (0.7767) — (0.3522)} x 10?'

= antilog {1.5475} x 107"

=35.28 x 107

=3.5x 102N

The gravitational force between the Sun and the Earth is 3.5 x 10%% N.

x 10*"
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Question 6.

Calculate the acceleration due to gravity at a height of 300 km from the surface of the Earth. (M
=5.98 x 10%* kg, R = 6400 km).

Solution:

Given:h=300km=0.3x 10°m,

M =5.98 x 10%* kg,

R=6400km=6.4 x 10°m

G =6.67 x 107" Nm?/kg®

To find: Acceleration due to gravity at height (gg)
Formula: g, = &I,
= Reny

Calculation: From formula,
6671011 %598 10%
an =

[(6.410°) +(0.3x10°) ]
_ 6.67x5.98x 10+

(6.7)° x 1012
6.67T X 10" x 5.98 XiO

= antilog {log(6.67) + log(5.98) — 2log(6.7)} = 10

= antilog{0.8241 + 0.7767 - 2(0.8261)} x 10

= antilog {1.6008 — 1.6522} x 10

= antilog {1 .9486} x 10

=0.8884 x 10 = 8.884 m/s’

Acceleration due to gravity at 300 km will be 8.884 m/s>.
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Question 7.

Calculate the speed of a satellite in an orbit at a height of 1000 km from the Earth's surface. Mg
=598 x 10%* kg, R=6.4 x 105 m.

Solution:

Given: h=1000km =1 x 105 m,

ME = 5.98 x 102 kg, R=6.4 x 10°m,

G=6.67 x 107" N m?/kg?

To find: Speed of satellite (v.)

Formula: v.= 1’%

Calculation:
From formula,

v.— [ GM
¢ (R+h)

_ [6.67x10"" x 5.98 x 10

= V[(&4xlﬂ'ﬁ)+{lklﬂtﬂ

N '6.6? x5.98 %107
74

= |Jantilog{log(6.67) + log(5.98) - log(7.4) x 10’}

= Jantilog {0.8241 + 0.7767 - 0.8692} x 10"

= Jantilog{0.7316} x 107

= ,,l's,aolxm*
= .,l'ss.alxlu‘

=7.343 x 10°  ....[Taking square root value]
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=734 % 10" m/s
Speed of the satellite at height 1000 km is 7.34 x 10° m/s.

Question 8.

Calculate the value of acceleration due to gravity on the surface of Mars if the radius of Mars =
3.4 x 10° km and its mass is 6.4 = 102% kg.

Solution:

Given:

M= 6.4 = 10° kg

R=34x10°=3.4x10°m,

To find: Acceleration due to gravity on the surface of the Mars (gn)

Formula: g = oM

R?
Calculation: As, G = 6.67 x 107" N m?/kg?

From formula,
am= 6.67x10 1 6.4 107 6.67x6.4
(3_4}(106}- 3.4x34
= antilog {log(6.67) + log(6.4) — log(3.4) — log(3.4)}
= antilog {(0.8241) + (0.8062) - (0.5315) — (0.53 15)}
= antilog {0.5673}
=3.693 m/s’
Acceleration due to gravity on the surface of Mars is 3.693 m/s’.
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Question 9.
A planet has mass 6.4 x 10%% kg and radius 3.4 x 10° m. Calculate energy required to remove on
object of mass 800 kg from the surface of the planet to infinity.
Solution:
Given: M= 6.4 x 10%° kg, R= 3.4 x 10°m, m = 800 kg
To find: Energy required to remove the object from surface of planet to infinity = B.E.
GMm

Formula: B.E.= ——

Calculation: wWe know that,

G=6.67 = 10" N m?/kg?

From formula,

_ 6.67 < 107" x 6.4 107 x 800

g 34x10°
6.67x6.4x8
- %10
B.E. 34 x
_667x512 .
34

= antilog{log(6.67) + log(51.2) - log(3.4)} = 10°

= antilog{0.8241 + 1.7093 - 0.5315} x 10°

= antilog {2.0019} x 10°

=1.004 x 10 x 10°

=1.004x10'" 1

Energy required to remove the object from the surface of the planet is 1.004 x 10" J.
[Mote: Answer calculated above 5 in accordance with retual methods of calculation.]
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Question 10.

Calculate the value of the universal gravitational constant from the given data. Mass of the
Earth = 6 x 10%* kg, Radius of the Earth = 6400 km and the acceleration due to gravity on the
surface = 9.8 m/s’

Solution:

Given: M =6 x 10%* kg,

R = 6400km = 6.4 x 10° m,

g =9.8 m/s’

To find: Gravitational constant (G)

GM

Formula. g = ==

Calculation: From Foermula,

z
_ B’
=" ,
9.8 (6.4x10°) 40145102
- £ 102 T Bx10M

£ G=6.69x 10" N m?/kg?
The value of gravitational constant is 6.69 x 10" N m?/kg”.

Question 11.

A body weighs 5.6 kg wt on the surface of the Earth. How much will be its weight on a planet
whose mass is 1/7 times the mass of the Earth and radius twice that of the Earth’s radius.
Solution:

Given: Wg = 5.6 kg-wt.,

M _1 R _,
Mg 7° Rg

To find: Weight of the body on the surface of planet (Wp)

Formula: W =mg = %

Calculation: From fermula,
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MM R
W, M, R
E‘Ll,[i]':i
s6 17 (2) »

!
Wy =g X 5.6=0.2 kg-wt.

weight of the body on the surface of a planet will be 0.2 kg-wt.
[Mote: The answer given above is calculated in accordance with textual method considering the
given datal.

Question 12.

What is the gravitational potential due to the Earth at a point which is at a height of 2Rg above
the surface of the Earth, Mass of the Earth is 6 x 10%* kg, radius of the Earth = 6400 km and G =
6.67 x 1077 Nm? kg™

solution:

Given: M =6 x 10%* kg,

Re = 6400km = 6.4 x 10° m,

G=6.67 x 107" Nm?/kg?,

h=2Re
To find: Gravitational potential (V)
Formula: vV =- @
Calculation: From formula,
V= __ GM
(Re+2R;)
= _667x10"" x6x10"
Ix6.4x10°
hitps://wWww.i
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LLILE NS
6.4
=-2.08 x 107 J kg™
MNegative sign indicates the attractive nature of gravitational potential.
Gravitational potential due to Earth will be 2.08 x 107 J kg™ towards the centre of the Earth.

[Mote: According lo definition of gravitational potential its SI unit is J/kg.]

Can you recall? (Textbook Page No. 78)

Question 1.

i) What are Kepler's laws?

iiyWhat is the shape of the orbits of planets?
Answer:

1. The Kepler's laws are:
= Kepler's first law: The orbit of a planet is an ellipse with the Sun at one of the Foci.
= Kepler's second law: The line joining the planet and the Sun sweeps equal areas in
equal intervals of time.
= Kepler's third law: The square of orbital period of revolution of a planet around the
sun is directly proportional to the cube of the mean distance of the planet from the
sun.
2. The orbits of the planet are elliptical in shape.

Question 2.

When released from certain height why do objects tend to fall vertically downwards?
Answer:

When released from certain height, objects tend to Fall vertically downwards because of the
gravitational Force exerted by the Earth.

hitps://Www.i
vitation/

élndCareer


https://www.indcareer.com/schools/ncert-solutions-for-4th-class-maths-chapter-14-smart-charts/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-11-physics-chapter-5-gravitation/
https://www.indcareer.com/schools/maharashtra-board-solutions-class-11-physics-chapter-5-gravitation/

@II IV Wwdl TGl

Maharashtra Board Solutions
Class 11 Physics

e Chapter 1- Units and Measurements

e Chapter 2- Mathematical Methods

e Chapter 3- Motion in a Plane

e Chapter 4- Laws of Motion

e Chapter 5- Gravitation

e Chapter 6- Mechanical Properties of Solids

e Chapter 7- Thermal Properties of Matter

e Chapter 8- Sound

e Chapter 9- Optics

e Chapter 10- Electrostatics

e Chapter 11- Electric Current Through Conductors

e Chapter 12- Magnetism

e Chapter 13- Electromagnetic Waves and Communication System

e Chapter 14- Semiconductors
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About About Maharashtra State Board
(MSBSHSE)

The Maharashtra State Board of Secondary and Higher Secondary
Education or MSBSHSE (Marathi: AgRISE Tod ATEI A 371701 3
AT A RAET0T AS®), is an autonomous and statutory body
established in 1965. The board was amended in the year 1977 under
the provisions of the Maharashtra Act No. 41 of 1965.

The Maharashtra State Board of Secondary & Higher Secondary
Education (MSBSHSE), Pune is an independent body of the
Maharashtra Government. There are more than 1.4 million students
that appear in the examination every year. The Maha State Board
conducts the board examination twice a year. This board conducts the
examination for SSC and HSC.

The Maharashtra government established the Maharashtra State
Bureau of Textbook Production and Curriculum Research, also
commonly referred to as Ebalbharati, in 1967 to take up the
responsibility of providing quality textbooks to students from all
classes studying under the Maharashtra State Board. MSBHSE
prepares and updates the curriculum to provide holistic development
for students. It is designed to tackle the difficulty in understanding the
concepts with simple language with simple illustrations. Every year
around 10 lakh students are enrolled in schools that are affiliated with
the Maharashtra State Board.
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FAQs
Where do I get the Maharashtra State Board Books PDF For free download?

You can download the Maharashtra State Board Books from the eBalbharti
official website, i.e. cart.ebalbharati.in or from this article.

Add image
How to Download Maharashtra State Board Books?

Students can get the Maharashtra Books for primary, secondary, and senior
secondary classes from here. You can view or download the Maharashtra
State Board Books from this page or from the official website for free of
cost. Students can follow the detailed steps below to visit the official website
and download the e-books for all subjects or a specific subject in different
mediums.

Step 1: Visit the official website ebalbharati.in

Step 2: On the top of the screen, select "Download PDF textbooks"
Step 3: From the "Classes" section, select your class.

Step 4: From "Medium", select the medium suitable to you.

Step 5: All Maharashtra board books for class 11th will now be displayed on
the right side.

Step 6: Click on the "Download" option to download the PDF book.

Who developed the Maharashtra State board books?

As of now, the MSCERT and Balbharti are responsible for the syllabus and
textbooks of Classes 1 to 8, while Classes 9 and 10 are under the
Maharashtra State Board of Secondary and Higher Secondary Education
(MSBSHSE).

How many state boards are there in Maharashtra?

The Maharashtra State Board of Secondary & Higher Secondary Education,
conducts the HSC and SSC Examinations in the state of Maharashtra
through its nine Divisional Boards located at Pune, Mumbai, Aurangabad,
Nasik, Kolhapur, Amravati, Latur, Nagpur and Ratnagiri.
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About IndCareer

IndCareer.com is a leading developer of online career guidance resources for the Indian
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