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Explain Newton’s law of universal
~ gravitation and aiso explain law of
gravitation with respect to Newton’s
third law of motion.

Ans. Law of Gravitation

According to Newton’s law of universal
gravitation |

Everybody in the universe atiracts every other
body with a force which is directly proportional to
the product of their masses and inversely proportional
 to the square of the distance between their centres.

Consider two bodies of masses my and my.
the distance between the centres of masses is d as
shown in figure |

Two messes attract each other with a
gravitational force of equal magnitude.

According to the law of gravitation, the
sravitational force of attraction F with which the two
masses m; and m, separated by a distance d attract
each other is given by: |
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Here G is the proportionality constant. It 1s
called the universal constant of gravitation. Its value
is same everywhere. In SI umts its value is 6.673 X

107" Nm’kg™. Due to small value of G, the

gravitational force of altraction between objects

round us is very small and we do not feel it, Since
~ the mass of Earth is very large, it atfracts near by
objects with a significant force. The weight of an
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object on the Eart_h‘ié the result of gravitaticna! force
* of attraction between the Earth and the object. - - |

Law of Gravitation and Newton’s Third law bf
Motion | " | ' "y a "

It is to be noted that mass my attracts mp
towards it with a force F while mass m; attracts ml-
towards it with a force of the same magnitude F but

in opposite direction. If the force acting on my IS

considered as action then the force acting on m; will
he the reaction. The action and reaction due to force
of gravitation are equal in magnitude but opposite 1n
directions. This is in consistence with Newton's third

1aw of motion which states, to every action there. is
always an equai but opposite reaction. S

Expl::iin Gravitational Field. |

Ans. Gravitational Fiei&' |

According to the Newton’s law of gravitation,
the gravitational force between a body of mass m and
the Earth is given by | e

s

Where M, is the mass of the Earth and ris the '

distance of the body from the centre of the Earth.The -
weight of a body is due to the gravitational force with

which the earth attracts a body. Gravitational force 1s
a non-contact force. For example, the velocity of a
body, thrown up. Goes on decreasing while on return
its- velocity goes on increasing. This is due to the
gravitational pull of the Earth acting on the body
whether the body is in contact with the Earth or not.
Such a force is called the field force. It is assumed
that a gravitational field exists all around the Earth.

This field is directed towards the centre of the Earth

" as shown by arrows in figure.The sravitational field

becomes weaker and weaker as we g0 farther and
farther away from the Earth. In the gravitational field

of the Earth, the gravitational force per unit mass is

called the gravitational field strength of the Barth. At
any place its value is equal to the value of g at that



pc:mt Near the surface of the Earth the gravitational
f"eld strangt‘h is 10 N kg™

=2 How the [1ass of carth can be deter mme"
Ans. Mass of the Eanh |

Consider a body of mass m on the surface of
the Earth as shown in figure 5.4. Let the mass of the
Earth be M, and radius of the Earth be R. The
distance of the body from the centre of the Earth will
also be equal to the radius R of the Earth. According
to the law of gravitation, the gravitational force F c}f
the Earth acting on a body 1s gwen by

oM.
FEETR

But the force with which Earth attracts a body -

towards its centre is equal to its weight w. Theretore,

F=w=mg
| m M
or mg=G-Ez—£
2
cand Mﬂz'gg

Mass M, of the earth can be determined on
puttmg the values 1 in equation (1)

(6.4 X 10® m)* x 10 ms ™
Me = ¥
6.673 x 107" Nm? kg™

-60x10%kg
Thus, mass of the Earth is 6 X 10* kg.

Explain how ‘g’ varies with altitude?

Ans. Variation of g with Altitude

Value of acceleration due to gravity depends
on the radius of the Earth at its surface. The value of
o is inversely pmportmnal to the square of the radius
of the Earth. But it does not remain constant. It
dacreases with altitude. Altitude is the height of an
object or place above sea level. The value of g is
greater at sea level tﬁ.:m at the hills.

Consider a b(}dy of mass m & at an altitude h as
shown in figure. The distance of the body from the
centre of the Earth becomes R + h. Therefore,

By B i
b= _(R+h)f'

According to the above equation, We cOme 10
know that at a height equal to, one Earth radius above
the surface of the Earth, g becomes one fourth of 1ts
value on the Earth. Similarly at a distance of two
Earths radius above the Earth’s surface, the value of
g bemmﬂs one ninth of its value on the Earth.

Caleulate the value of g, the acceleration
due to gravity at an altamde 1060 km.

" The mass of the Earth is 6.0 X 16™ ke.
The radius of the Earth is 6400 km.

Sgl.  Here R =6400km
h = 1000 km
M. = 6.0 x 10** kg
o ogh=1
R + h = 6400 km + 1000 km = 7400 km
=7.4%10°m

M
2 =Y R L h)

6.673 x 107 Nm? kg x 6.0 x 107 kg .
&h = (;4><106m)”

=73 Nkg"

Thus the value of g g, the acceleration due {0
gmwty at an altitude of 1000 km will be 7.3 ms ~

As

— 73 ms >

Explain artificial Sdtellltes

Ans. Artificial Sateliites

An object that revolves around a planet 1s
called a satellite. The moon revolves around the Earth
<o moon is a natural satellite of the Earth. Scientists
have sent many objects into space. Some of these
objects revoive around the Earth. These are called
artificial satellites. Most of the artificial satellites,
orbiting around the Earth are used for communication
purposes. Artificial sateilites carry instruments or
passengers to perform experiments In space.

A satellite is orbiting around the Earth at a
height h above the surface or the Earth.

Large number of artificial satellites have been
launched in different orbits around the Earth, They
take different time to complete their one revolution
around the Carth depending upon their distance h
from the Earth. Communication sateliites take 24
hours to complete their one revolution around the
Earth. As Earth also completes its one rotation about
its axis in 24 hours, hence, these communication
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to be stationary with respect to
2arth. It is due to ihis reason that the orbit of such a
satellite is cailled geostationary orbit. I2ish antennas
sending and receiving the signal from them have
fixed direction depending upon heir location on e

Earth.

satellites appear

itation helps in

How Newion’s law of cravy
of sateilites?

understanding the motion
Motion of Artificial Satellstes:s

| A satellite reguires centripetal force that
keeps it tO MOVE around the Barth. The gravitational
force of attraction between the satellite and the Farth

provides the necessary centripetal force.
Consider a satellite of mass il revolving

round the Earth at an asltitude h in an oroit of radius Ip
with orbital velocity Ve The nccessary centripetal

force required is given as:

2.4
mve

Ans.

Fc= e
This force is provided DY the eravitational
force of attraction beiween ihe Earth and the sateliite
and is equal to the weight of the catellite w’ (Mmgn).

Thus
Fc =w = imign

2
MYy

O mghr — o

2
Or Vo= 8hTto
OTr | vg-:_‘\fgh:fﬂ -
as .= R+ h

Vo = !gh (R + h)

L -

Equation gives the velocity, which a satellite
when launched in an orbit of radius 1, =
Earth. An approximation~can be

the Earth such

IMUST pPOSSESss
(R + h) around the
made for a satellite revolving close o

that R >> h.
R+h==RX

and gn = &
z v.:,——-’\JgR

A satellite revolving around very close to the
Earth, has speed Vg nearly 8 kms ' or 29000 kmh .
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(i)

(1ii)

| EXERCISE |

Encircle the correct answer from the
civen cholces:

Earth’s gravitational force of attraction

vanishes at:
(a) 6400 km (b)
(c) 42300 km (d)

infinity
1000 km
Value of g increases with the:

(a) in;:i'ease in mass of the body

(b) increasé in aititude .

(¢) decrease in altitude

(d) none of the above

The value of g at a height one Earth’s

radius above the surface of the Earth is:

| 1

(a) 2g b)) S g
1 | 1

) =g (d) 48
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(iv)

- (vi)

The value of g on moon’s surface is 1.6
ms2. what will be weight of a 100 kg body
on the surface of the moon? |

(a) 100N (b)
(c) 1000N - (d) |
The altitude of geostationary orbits in
which communication satellites are

launched -abqve the surface of the Earth’s
ise

160 N
1600 N

1000 km
42 300 km

(a) 850 km (b)
(© 6400km (@

The orbital speed of a low orbit satellite is:

8 ms!
3000 ms™

(a) zero - (b)
(¢) 800ms (d)

Apnswers

(i)

®) | Gi) | © | Gi) | @ | Gv) | ©)

(v)

@ | vi) | (d)

S.2.

Ans,

5.3.

Ans.

5.4,

Ans.

5.9,

Ans.

3.6.

“Ans.

What is meant by the force of gravitation?

The force due to which every body in the
universe attracts every other body is called
gravitational force. e

Do you attract the Earth or the Earth
attracts you? Which one is attracting with
a larger force? You or the Earth.

Both attract to each other. Earth is attracting

 with larger force because its mass 1s greater.

What is a field force?

The gravitational pull of the earth acts on the
body whether the body 1s 1n contact with the
earth or not this force is called field force.

Why earlier scientists could not guess

“about the gravitational force?

The earlier scientists never thought about the
bodies falling towards the earth. The. earlier
scientists never tried to solve the mystery
why planets revolve around the sun. so they

could not guess about the gravitational force.

“How can you say that gravitational force is

a field force?

Gravitational force not only acts on _the
hodies that are contact with the earth but 1t
acts on every body whether the body is in




contact or not. It decreases as we go away
from the centre of the earth so we can say it 1s
a field force.

5.7. Explain, what is meant by gravitational
field strength?

Ans. In the gravitational field of the earth, the

gravitational force per unit mass is called the
gravitational field strength,

5.8. Why law gravitation is important to us?

Ans. The gravitational law is very important to us
because by using this law we can find the
- mass of the earth. This law also helps us to
find the value of ‘g’ at different height from
the surface of earth. '

5.9. Explain the law of gravitation.
Ans. Law of Gravitation:

According to this law every body in the
universe attracts every other body with a force which
is directly proportional to the product of their masses
and inversely proportional to the square of the
distance between their centres.

Explarations:

Consider two bodies of masses ‘m;’ and
‘m,’. The distance between the centres of masses

is ‘d’.
According to the law of gravitation
- Feemymp @)
1 | e
F o= P . (11)
From eq (1) and (11)
‘my myp
d2
mj I
di
fere ‘G’ is the proportionality constant. its
value is 6.673 x 107" Nm* kg™~ |
5.1¢. How the mass of earth can be determined?
Ans. See Long Question No. 3.

5.11.

B o

F=G

Can you determine the mass of our
moons? If yes, then what you need to
know?

Ans. Yes, In order to find the mass of moon: we
should know the radius of the moon as well
as the value of ‘g’ on the surface of moon.

5.12. Why does the value of ‘g’ vary from place
to place? - B

- Ans. The value of ‘g’ depends on the distance from

the centre of the earth. The surface of the
earth is not smooth. At different places the
distance from the centre of earth is different
that is why the value of ‘g’ vary from place to
place.

5.13. Explain how the value of ‘g’ varies with

altitude.

Ans. The value of ‘g’ is inversely proportional to
the square of the radius of the earth. So 1t
decreases with altitudes. The value of ‘g’ is
greater at sea level then at the hills.

5.14.

Ans. The objects that are sent into the space by
scientists and they revolve round the earth.
These objects are called artificial satellites.

What are artificial satellites?

5.15. How Newton’s law of gravitation helps in
understanding the motion of satellites?

Ans. As we go away from the earth the
gravitational force decreases. So, with the
help of Newton’s gravitational law we can
find the required centripetal force for an
artificial satellite. So, by using this law we
can find the velocity of the satellite which is
to be launched in an orbit consider a satellite
of mass ‘m’ revolving round the earth at an

4 »

altitude ‘h’ 1n an orbit or radius °‘r,’ the

necessary centripetal force required is
given as
2.
v
|
Fo=—"

This force 1s provided by the gravitationat
force that is equal to the weight of the satellite.

SO F. = mg;
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5.16.

Ans.

5.17.

Ans.

5.1.

Sol.

3.2.

Sol.

On what factors the orbital speed of a
satellite depends?

The orbital speed of a satellite depends.
(i) The value of ‘g’ at the given hight.
(i) Its value also depends on the altitude.

Why communication satellites  are
stationed at geostationary orbits?

The communication satellites are stationed at
geostationary orbit so that they complete their
one revolution around the earth in a time as
the earth takes to complete its one revolution
around its axis. In this way we get the correct
information about the atmosphere and about
the world. In addition to this we do not need
to change the direction of dish antennas.

PROBLEMS

Find the gravitational force of attraction

_ between two spheres each of mass 1000 kg.

The distance between the centres of the
spheres is 0.5 m.

" m; = 1000 kg, my=1000kg, d=0.5m
F=2?

P Gné‘z =
_6.673x10° H 1000 X 1000
(0.5)
o 6673 b 10
> 0.25
F=6.673%x107
F=267%x10"N

The gravitational force between (wo
identical lead spheres kept at 1 m apart is
0.006673 N. Find their masses.

m; =1y = ;
F=0.006673 N
D=1m

GI]'I] 118 )
F=""47

6.673 x 107" xm
F= T

Sol.

S.4.

Sol.

www.taleem360.com

5
0.006673 = 6. 673 % 107 m;

1000000 x 6.673 X 107"

6673 2
=m1

m2 = 10“_3
[ =

10°
m=10* _
m = 10000 kg each

“Find the acceleration due to gravity on the

sufface of the mars. The mass of mars is
6.42 x 10™ kg and its radius is 3370 km.

g —_—
M = 6.42 x 107 kg
R = 3370 km = 3370 x 10° m-

6.67 X 6.42 x 10"
337 x 337 X 10°

667 642X 10"
100 * 100 x 337 x 337

- 428214
£=113569

The acceleration die to gravity on the
surface of moon is 1.62 ms . The radius of
Moon is 1740 km. Find the mass of Moon.

6 e ey

D‘

=377 ms °

oy = 1.62 ms >
R = 1740 km = 1740 x 10° m
m="
mn
g=GR2

6.673 x 107! x m
(1740 x 10°)*

1.62 % (174 x 10%)?

m=""6673 x 107"
1.62 % 174 x 174 x 10°
m="""¢ 673 x 107
162x 174 %174 4
m="""¢673 x 10



= 5-5‘

Sol.

5.6.

Sol.

'ng(R+h)§

m = 735.00 x 10%°

m = 7.350 x 10?2

Calculate the value of ‘g’ at a height of
3600 km above the surface of the earth.

h =3600 km = 3600 x 10° m
=36x10°m
R = 6400 km = 6400 x 10° m
 =64%x10°m
M. =6 x 10* kg
Me

L

_6.673 107" x 6 x 10*
— (64 x10° + 36 x 10°)

_40.038 x 10"
== (100 x 10%)

_40.038 x 10"
~ 10000 x 101°

40.038 x 103
= 1014

40038 40.038
g - 1014—_13 e 10

g

= 4.00 ms >

Find the value of g due to the Earth at
geostationary satellite. The radius of the
geostationary orbit is 48700 km.

g="7

r=48700 km =48700 x 1000
=487 x 10° m |

Me=6x10"%kg

R=6400km = 6400 x 1000
=64 x10°m

G=6.673 x 107" N.m.kg™

Me
ng(R+r)£

_6.673 107" x 6 x 10%*
5= (487 x 10° + 64 x 10°)

_40.038 x 103
5= (551 x 10°)2

_ 40.038 x 10"

85303601 x 1010

Dt

Sol.

3.8.

Sol.

g = 40.038 x 10°

40038 .
&=303601 —V-17ms

The value of g is 4.0 ms™ at a distance of
10000 km from the centre of the Earth.

--Find the mass of the Earth.

g =4 ms™ ~
R = 10000 km = 10000 % 10° m
=10" m |

'Me=?_

RZ
M.="5=
__(10’Y x4
T 6.673 x 107!
___10"%x4
© 7 6.673 x 107!

10" x 4 % 1000
6673

M.

M

M, =

M. = 0.000599 x 10% kg

=599 % 10>
M. =6 x 10** kg

At what altitude the value of ‘g’ would
become one fourth than on the surface of

- the earth.

g= l‘?= 25 ms > |

h=? |

Me = 6 x 10* kg

R =6400km =64 x 10° m
G =6.673 x 107" N.m kg2

-G Me |
=GR+ ny

10 _6.673x 107" x 6 x 10**
4 = (R + h)?
40.038 x 10"
10 — X 4
VR + h)> =1/160.152 x 10°
6400000 + h = 12.7 x 10°

h = 12700000 — 6400000
= 6300000 m

(R + h)* =
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5.9.

Sol.

5.10.

Sol.

h = 6300 km
That 18 about one earth’s Radius.

A polar satellite is launched at 850 km
above earth. Find its orbital speed.

h =850 km = 850 x 10° m

_G Me
& =Y R +hy’

6,673 x 107 x 6 x 10™
=~(6400000 + 650000)"

- 40.038 X 10"
= (725 % 10%

40.038 x 10"

8= 525625 x 10°

= (0.000076 % 10°
Eh = 7.6 I'I'lSm2

Vn:?r:'\[gh(R'!'h)

v, = AJ7.6 (6400000 + 850000

v, =4/55100000

vo=7431 ms™

A communication satellite is launched at
42000 km above earth. Find its orbital
speed.

h = 42000 km

= 42000 x 10° m

=420 x 10°m
R = 6400 km = 64 x 10° m
e |
me = 6 x 10° k.g |
G=6673x 10! Nm kg™

Me
8 =CR+ g’

6.673 x 107" x 6 x 10*

807420 x 10° x 64 % 10°)°

www.taleem360.com

40038 x 107
8= (484 x 10°)°

40038 x 10°
~ 234256

gh =0.17

| V.;,:‘\fgh (R+h)

_~J0.17 (64 X 10° x 420 x 107

=J0.17 (484 x 10°)

-~[/822.8 x 10*
v, = 2868 ms




