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GRAVITATION

KIPS MULTIPLE CHOICE QUESTIONS

predictcd about artificial satellites about 300 years a
go.

a) Galileo o vb’f Newton c) Einstein 4 F
Unit of gravntatlonal\z?l strength is: ) Faraday
a)N N kg c)J
pistance of moon froyarth is? St
a) 38,000 km -¥) 3, 80, 000 km ¢) 3, 000, 000 km
) , 000, d .
Speed of GPS satellite is: 10N
2) 7.9 kms” ¥) 3.87 kms™ ¢) 5.6 kms™ d)'5.0 kms”
If the distance betwci;?:wo masses is half then the force of gravitation becomes:
Four times ~ ¢) Doubled d) Half

a) One fourth
In System International, the value of G is:

a) 0.4 X 10° Nm’kg”
0)6.67x 10" Nm*kg”

b) 6.4 x 10! Nm’kg”
6.67% 10" Nm’kg™

Radius of carth is:

2) 6.4 x 10° km ) 6.4 x 10°m ¢) 6x 10°m d) 6 x 10°km
The SI unit of gravitational force is: | }

a) NmZkg” b) Newton ¢) ms™ oth *a” and “b
What will be the value of G if mass of the earth becomes four times:

«&o change b) Four times ¢) One fourth d) Doubled

The mass of Earth is approximately: /
(6.0 x 107 kg d) 5500 x 10* kg

2) 6.4 x 10* kg b) 6.0.x 107" kg ,

As we go up the value of G becomes: ‘
\JS Unchanged b) Increases c) Decreases d) Doubled

The force which pulls the object towards the center of circle is known as ===
force: .

a) Frictional b) Coulomb ‘2/Centripetal d) Gravitational

When an object is at a height equal to radius of earth above the surface of the earth.
What is the valuc of gn?

2) 4g b) 2¢ c) g/2 \d{g/4

What is not true about g?
;)f?s different at different places
I g1s less at poles
f .
the weight of an object on the surface
Moon will be:
' g) /8

6w DI W/6 c) W/4
119
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b) gis greater at poles
d)' g decrease as go higher

of earth is W- Its weight O the surface of
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UNIT.5 Gravitation

16.

14s

19.

[ 3]
2

v
(]

29,

30.

~A) Gravitational foree b) Frictional force

¢) Coulmb foree d) Electromagnetic force

Relative velocity of Geostationary satellite with respeet to arth is:

1) 7.9 kms™' b) 11.2 kms™' ¢)9.8 ms” ~dﬁcr0

If a rocket is fired vertieally with a speed of ---==ame---- , it will start revolving around
the carth:

a) $ ms” ~B) 8 kms ¢)9.8 ms”' d)y11.2 kms!
Height of the Geostationary satellite above the surface of carth is:

a) 1000 km b) 3600 km ¢) 36000 km wh/‘iQSOO km
Gravitational force on the surface of earth is equal to:

a) G b)g ‘)/\C\’ ] d) All of above
Weight of the body ofy.:lss 10 kg on the surface of moon:

a) 160N ) TON ¢) L.O2 N d) None ot above

—

—
On mountains our weight will he «e--e--- as compared to weight on the surface of
carth.

) Lqual b) Greater %4&‘55 s)Nong ofgbive

If mass of both the bodies is 1kg and distance hetween their centers is Im then th,
gravitational foree will be equal to: _

\KZ] b) ¢)V d) N(m.c of above

A satellite is revolving around the carth in a circular orbit. If the radius of the orhj
is increased from R to 2R, What will be its velocity?

A

\’
P ] [ =
AN h) v- ¢) v/2 d) A

An artificial satellite keeps on revolving around the carth in different orbits with
uniform speed due to the?

If the radius of @ cirele in which object is moving is doubled then centripetal
acceeleration becomes:

a) double \J:&mll' ¢) three times d) four imes

We can feehgravitational foree between the phjects if they have:

a) Krge distance between them

b) large mass
¢) high velocity

d) high volume
Value of gravitational constant is:

, 2 b o R

a) V.8m/s b) G.O67m/s” 46.67:/ 10" Nm2kg™d) none
\yt is force duce to gravity?

syl =my b) F=mg ¢) W=Id d) mv

\\’?.nc of acceleration due to gravity on carth is: :
2 ] ; Atgm ke
¥ 9.8m/s b) 1.omvs” ¢) 6.07<10" s’ d) 6.07+10 N

/- 1) . A A ) 1} . H
ym uf:uultratmn duce to gravity on moon is:

t! TR ;2 ’ - 7

#) 1.m/s b) 10m/s- ¢) 9.8m/s” d) G/6

CamScanner
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NIT-5
GravuaﬁOn
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KIPS SHORT QUESTIONS

State Newton's faw of universal oravitation.
t o]

0.1
Ans: STATEMENT: Everybody in the universe attracts every other body with a force which is
d inversely proportional to the

directly proportional to the product of their masses an
square of the distance between their centres.

Q.2 What is the relation between Law of gravitation and Newton’s third law of motion.

Ans: RELATION:

m F-F m,

a .

wracts m2 towards it with a force I© while mass m2
same magnitude I but in opposite dircction. It the
hen the force acting on m2 will be the

[t is the be noted that mass ml

atracts m! towards it with a foree ol

force acting on ml is considered as action 1
03 reaction. This is consistent Newton’s third law of motion.
. Z}\;.!:silui‘sl‘iilrlai:'i;;l‘tiu.nzllﬁcld‘.’ '

wional lield:

The region around which the effect of carth’s gravit

1s called gravitational tield.

ation or carth’s attraction can be felt

P
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Q4
Ans:
Q.5
Ans:

Q.6

Ans:

Q.7

Ans:

-— \
What is meant by satellite? _
An object which revolves around the sun or planet is €

What is the natural satellite of the earth? Fdarellite 65 1
The moon revolves around the carth so moon is the natural satellite of the carth,

alled a satellite.

: : » is attracting with
Do you attract the earth or earth you? Which onc is it 5 t larger forcey
You or earth?

Reason: Earth attracts us with the force which is equal to our body.

What is the ficld of force?
Field of force: A ficld of force means a space or a region around the carth where jtg effecy

can be felt,

Q.8

Ans:

Q.9

Ans:

Q.10

Ans:

Q.11
Ans:

Q.12

Ans:

Q.13

Ans:

Q.14

Ans:

Q.15

Ans:

Q.16

Ans:

Q.17

Ans:

Q.18
Ans:

4 . . « v' « 1 W ‘,
Why ecarlier scientists could not guess about gravitational for‘Lc. )
Reason: This force is very small so that carlier scientists cannot feel it.
Explain what is meant by the gravitational ficld strength?
The gravitational field becomes weaker and weaker as we go further and further away
from the carth. Near the surface of the carth of the carth the gravitational field strength i
10NKg
Why law of gravitation is imp for us?
As we know that every body object attracts the other object with a force. According to
this law we are stable on earth because earth attracts as with a force of gravity.
Can you determine the mass of our moon? If yes, then what you need to know?
yes. we can determine the mass of our moon, we only need to know the gravity of our
Mmoon.
Why the value of g varies from place to place?
The value of a depends upon the distance of the body from the center-of the earth.
On what factors the orbital speed of a satellite depends?
Reason: It depends upon the altitude of the body from the center of the earth.
At which point does the earth’s gravitational force of attraction vanishes?
It vanishes at infinity

The value of g on moon’s surface is 1-6ms-1. What will be the weight of 100 kg body
on surfacc of the moon?

The weight will be 160N.

What is the orbit speed of a low satellite?

The orbit speed is 8000 ms™,

At what altitude the value of gravitation becomes 1 fourth?

At an altitude of one earths radius the gravitation becomes one fourth.

What is the formula of orbital velocity.
Formula:

Vo =~/gh(R+h)
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Gravitation

! ms artificial satellite?

A;ns: Gcientists have sent many objects into space. Some of these objects revolve around the
Earth. These are called artificial satellites. '

Q.ZO pefine gravitation. .

Ans: In the universe, there exists a force between the bodies due to which everybody of the
universe attracts every other body. This force is known as force of gravitation.

0‘21 State law of gravitation

Ans: Every object in the universe attracts every other object with a force which is directly
proportional to the product of their masses and inversely proportional to the square of the
distance between their centers.

Q.22 What is the relation between Law of Gravitation and Newton’s Third law of
motion?

Ans: It is to be noted that mass m, attracts m, towards it with a force I while mass my attracts
m, with a force of the same magnitude F but in opposite direction. If the force acting on
m, is considered as action then the force acting on m; will be reaction. The action and
reaction due to force of gravitation are equal in magnitude but opposite in direction. This
is in consistence with Newton’s third law of motion which states, to every action there is

“aalways an equal but opposite reaction.

Q.23 Whatis Gravitational Field Strength?
In the gravitational field of the Earth, the gravitational force per unit mass is called
gravitational field strength of the Earth. At any place its value is equal to the value of g at
that point. Near the surface of the Earth, the gravitational field strength is 10 Nkg'.

Q.24 Define orbital velocity
It is the velocity of the satellite which moves around the earth at specific height.

Q25 What do you know about Global Positioning System (GPS)?

Ans: Global Positioning System (GPS) is a satellite navigation system. It helps us to find the

exact position of an object anywhere on the land, on the sea or in the air. GPS consists of

24 Earth satellites. These satellites revolve around the Earth twice a day with a speed of
3.87kms",

Q26 What will happen if Earth suddenly stops revolving around the Sun?

Ans: If Earth suddenly stops revolving around the Sun then due to attraction of sun and earth,
it will fall down on the sun.

2,,287 What do you know about geostationary satellites? . ' ‘

' hose velocity relative to earth is zero. These

st;:olslt'ationary satellites are the satellites W
SUr?‘ tes remain stationary with respect to the earth at
ace of the carth. These are used for globa

the height of 42,300 km from the
| TV transmissions and other

tel icati
. M€Communication purposes.

CamScanner
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Q.28

\.\'hat is effect of the followings
(1) Mass of frecly falling body

-(11) Dist: i
(ii) Distance of freely falling body from the center of carth

Effect of mass

'I‘he e ]S N -
no S l h“(l ( L [3 i i -
0

the relati = GM/R?, Thi i itati |
ation g = GM/R", This relation shows that gravitational acceleration is independe
of the mass of frecly falling body. ;

Effect of distance from the center of earth

Q.29
Ans:

Q.30
Ans:

Q.31

Ans:

Q.32

Ans:

Q.33

Ans:

Q.34
Ans:

Gravitational acceleration is inversely proportional to the distancc of freely falling body
from the center of earth. If the distance of the body is more from the center of the Cal’l.h
gravitational acceleration will be less and vice versa.

Is there any difference between the value of ‘g’ at the cquator-and at the poles?

As the shape of the earth is not perfect sphere but elliptical. The distance at the equator
the center of earth is more. so gravitational acceleration “g* at equator will be |egg
However, as the distance at the poles to the center of the earth is less. so gravitati,
acceleration “g” will be more.

Moon revolves around the earth, from where it gets necessary centripetal force?
The gravitational force between the carth and the moon provides the necessary centripeta]
force to moon for revolving around the earth.

If we go on top of the mountain, will our weight increase or decrease? .
If the distance from the centre of the Earth increases from the average radius of the Earth,
the value of “g” will decrease. This is the reason due to which the value of "¢’ is less on
the top of mountains. So our weight will be decreased. ,

Why do not we observe force of attraction between any two objects around us?
Since the gravitational force between different objects around us is very small, so we do
not feel it. However, if the mass of one or both the objects is very large, then we can
observe the effect of gravitational force casily.

What is the gravitational force acting on the body placed at the surface of Earth?
Since the mass of the Earth is very large. it attracts nearby objects with a significant
force. The weight of an object on the Larth is a result of the gravitational attraction
between the two.

What is the gravitational force acting’on the body placed ut the surface of Earth®

Since the mass of the Earth is very large, it attracts nearby objects with a significa

CamScanner
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Gravitation

LONG QUESTIONS

Law of Gravitation K<
Q_No.l State and explain Newton’s law of gravitation.
Ans Gravitation

[n the universe, there exists a force between the bodies due to which evervbody of the
universe attracts every other body. This force is known as force of’ gra\'itatior'x. ’
gtatement o
Every object in the universe attracts every other object with a force which is dircctly
proponional to the product of their masses and inversely proportional to the square of the
distance between their centers.
Explanation _
Every object in this universe attracts other objects towards its centre. The attraction
between two objects is called gravitation. On the basis of his observations. Newton
derived a law which is called Newton's law of gravitation.

Mathematical Derivation G
F F
Consider two bodies A and B of masses m;. and ma. E;)
respectively. According to law of gravitation. the F— __d »
gravitational force of attraction F.with which two Pigure 5.1:1:\',0 masses attract
mass m; and m» separated by a distance d attracts cach other with a gravitational
each other is given by: force of equal magnitude.
Foammo, 4
Fa 1 4
i 2
OR Fgm,m,
d 2
[f= Sm.m,
d 2

Gravitational constant
G is a constant called gravitational constant. 1t is called universal constant of gravitation.

Ifm; = m> =1 kgandd =1 m. then F=G. Thus G is a force which 1 kg object exerts on
another 1 kg ‘objcet placed T m away from it. In SI units, the value of gravitational
constant Gis 6.67x 107" N’ l-;g"“‘.

Dependence of Gravitational force on mass
Due o small value of G. the gravitational force of attraction
between different objects around us is very small. so we do
not feel it. However, if the mass of one or both the objects is
very large. then we can observe the effect of gravitational
force casily.

Gra\'itfltional force on the surface of Earth
T e of an st e oot

g ¢ rce. ght of an object on the  duc to the gravitational foree

Earth is a result of the gravitational attraction between the two.  between the body and the Earth.

CamScanner
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Gravitational Field
. e 4s 9
Q.No.2 Explain the gravitational ficld? o o
Ans: According to the Newton's law of gravitation, the gravnallonal force between g body of

mass m and the Earth is given by,
F = GmM .

RY ¢
Where M, is the mass of the Earth and r is the distance of the body from the cente, of

the Earth. ) , :oh Earth f
The weight of a body is due to the gravitational force with which Earth attracts 4 b,

Gravitational force is a non-contact force.

Example _ )
The velocity of a body, thrown up, goes on decreasing while
on returns its velocity goes on increasing. This is due to the
gravitational pull of the Earth acting on the body whclht':r
the body is in contact with the Earth or not. Such a force 1s
called the field force. It is assumed that a gravitational ficld
exists all around the Earth. This field is directed towards the
center of mass of the Earth as shown in figure. The B K |
gravitational field becomes weaker and weaker as we go fr'(’)’:,:; lshzrc(::hv:t,axyo::rldfl
farther and farther away from the Earth. B .,

Gravitational Field Strength
In the gravitational field of the Earth, the gravitational force per unit mass is called
gravitational ficld strength of the Earth. At any place its value is equal to the value of g

that Soinl. Near the surface of the Earth, the gravitational field strength is 10 Nkg.

= Q.No.3 Determine the mass of the earth by using Newton’s law of gravitation.
Ans:  Suppose a body of mass m is placed on the surface of the
Earth. Let mass of the Earth is Me and radius of Earth be R.
The distance between the body and center of the Earth is R

equals to the radius of the Earth R.
According 10 lh'c law of gravitat'ion, the gravitational force F R ‘{veighl

of the Earth acting on the body is given by,
P G M: m
R

We know that the force of gravitation w
attracts the body towards its center s equal

m

M,

ith which [ bl
Earth Figure 5.4; Weight of 3 0/°

. to the weight of »ravitational ©°°

the body. Therefore, g Eﬁ‘ifl:.? t;?chirdﬁ;lmd e B

Therefore, F=w=mg /
R*
_ GMe
Or ) = ——— e, (2)
R
Or Mc= gR? . it
G ...... (3) .
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UNIT-5
/ Graﬂm W

45 W know that,
g=10 ms”
R=6x10"m
3 G =6.67x 10" Nm’kg”
By puning the valuec of g, R and G in equation (3), we have
M= ER? = 10%(6.4x10°)
G 6.673x107"
_ 10x40.96x10"
6.673x10™""
409.6x10"

Hence th

M =
6.673x107"
M=61.4x 10"
M=6.14x 10" kg
M=6x 10" kg

¢ mass of the carth is approximately 6 x 10* k.

As we know that

Ans:
g Me
RZ

The above equation show that the acceleration due to gravity

depends on the radius of Earth at.its surface. The value of g 1s

inversely proportional to the square of the radius of the Earth.

It does not remain constant. It decreases with altitude.

Altitude is the height of ‘an object or place above seca level. Figure 5.5: Weight of a body

The value of g is greater at sca level at the hills. ?f;:ff;iz:f’d:chﬁ}ﬁ}:"F’i'rf;‘ =
Mathematical Form

m at an altitude h. the distance of the body from the center of the

Suppose a body of mass
Farth is R+h. By using above equation, we have

g,= _GM
(R +h)’

e come to know that at a height equal to on¢ Earth

g becomes one fourth of its value on the Earth.
he Earth’s radius above the Earth’s

According to the above cquatioh, W
radius above the surface of the Earth,
Similarly, at a distance of two Earth radius above 1
surface, the value of g becomes onc ninth of its value on the [zarth.

CamScanner
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Gravitatio
UNIT-5 —0

”_ ATRIFICIAL SATELLITES . .. ; , . .
*Q.No.5 What are artificial satellites? Define orbital velocities and what do you know abgy

communication satellites? ] tellite
Ans: An object that revolves around a planet is called a satellite.

Orbital Velocity - '
It is the velocity of the satellite which moves around the earth at specific height.

Natura;"?laetfrlllc::)erlorifoal:te}; around the Earth so moon is the natural satellite of Earth.

Artificial satellites
Scientists have sent many objects into space. Some of these revolve around the Earth,
These are called artificial satellites. p .
Most of the artificial satellites orbiting around the Earth are used for comm}lnlcation
purposes. Artificial satellites carry instruments or passengers to perform experiments iy
the space. )
Large numbers of artificial satellites have becn launched in different orbits around the
Earth. They take different time to complete their one revolution around the Earh
depending upon their distance h from the Earth.

Communication Satellites
Communication satellites take 24 hours to complete their one revolution around the
Earth. As Earth also complete one rotation about its axis in 24 hours, hence, these
communication satellites appear to be stationary with respect to Earth. It is due to this
reason that the orbit of such satellites is called geostationary orbit. Dish antennas sending
and receiving the signals from them-have fixed direction depending upon their location
on the Earth.

Motion of Artificial Satellites

Q.No.6 Explain the motion of an artificial satellite and derive the formula for orbital
.« velocity of an artificial satellite.

re
Ans: A satellite requires centripetal force that keeps it to \"‘h\‘_

move around the Earth. The gravitational force of \Qf -
Satcllite

attraction ” between the satellite and the Earth

providcs lhc neccssary Ccntripcla] forcc . . Figure 5.6: A satelhte is orbiting around the

Larth ata height r above the surface of the Larth.
Mathematical Derivation -
Supposc a satellite of mass m is revolving around the Earth at a height *h inan orbit 0!
radius r, with orbital velocity v,. The necessary centripetal force I required to keeP the
satellite moving is given by,

2
mv
Fc == e

rO

This ccntripe}al force is provided to the satellite by the gravitational force 0
betwecn\lhc Earth and satellite and is equal to the weight of the satellite W (mgh
Fe=w=mg, ... . (2)

f attractio”
). thus

CamScanner
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% Gravitation

Or
or
Or

AS

S0

And

So

By comparing equation (1) and cquation (2), we get
]n\'!I‘)

mgy -
I

0

D,
VO' = Enlo

Vo= Jg.r.

.= R+h

Vo =, ,gh (R + h) ......... (3)

[his cquation represents the orbital velocity, which a satellite must possess when
launched in an orbit of radius r, = R + h around the Farth. An approximation can be made
for a satellite revolving close to the Earth such that R >> K.

R+h=R

o> g

V& \/gA R

A Satellite revolving around very close to the Earth has speed nearly 8 kmh™ or 29000
kmh™.

(1)

Ans:

Ans:

()

Ans:

Does an apple attract the Earth towards it?

Yes, Apple attracts the earth but this force is very very small so it is unable to pull the
carth.

With what force an apple weighing 1N attracts the Earth?

Apple weighing IN attracts the carth with a force of 1 N.

Docs the weight of an apple increase, decrease or remain constant when taken to the

top of a mountain.

As we go to-the mountains, value of g decreases. So weight of the apple decrease. (As w = mg)
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.o
1L,

iii.

iv.

Vi.

3.2

. Ans:

5.3

Ans:

54

Ans:

5.5

Ans:

5.6

Ans:

S«
Ans:

g he gi :
¢ answer from the g ishes at d) 1000 km

Encircle the corrcc qction van

' gt . r
Earth’s gravnatlonal force of att

2) 6400 km b) infinity
Jtitude

Value of g increases with the: b) increase ina
a) Increase in mass of body 4) none of the above -
¢) decrease in altitude , d.l:lS above the surface of Earth is:
The value of g at a height onc Earth’s radl ‘1/3 . : d)l/4g :
a)2g b)1/2 g C)_z ¢ will be the weight of 2100 kg
The value of g on moon’s surface is 1.6 ms " Wha
body on the surface of the moon? 1 1000 N 0 1600 N-
a) 100 N b) 160N c o ,
Thc.nltitudc of geostationary orbits in which communications s:atellltes are launched
above the surface of Earth is: y
a) 850 km b) 1000 km ¢) 6400 km d) 42300 km
The orbital speed of a low orbit satellite is: p |
a) zero b) 8 ms™ c) 800 ms . d) 8000 ms
What is meant by force of gravitation? .
s due to which everybody of the

In the universe, there exists a force between the bodie
. . . . (8
universe attracts every other body. This force is known as force of gravitation.

Do you attract the carth or the Earth attracts you? Which one is attracting with a

larger force? You or Earth?
We attract the earth and Earth attracts us but Earth attracts us with larger force because

the mass of the Earth is large.

What is a ficld force? :
The force which is‘acting on the body by another body whether body is in contact with

other body or not. It is non — contact force. The gravitational pull of the Earth acting on
the body whether the body is in contact with the Earth or not
%l

Why earlier scientists could not guess about the gravitational force?
Earlier scientists could not guess about the gravitational force because of its low value:

Scientists of old age have not sensitive instruments 1o detect that force
How can.yo.u say that gravitational force is a field force? |
The. gravxta.tlonal force exists around the Earth and s act;n on the bodies whether the
bodies are in contact withi the Earth or not. So We can s : ) -O 1.es g isd
gyt , ay that gravitational forc

Explain, what is meant by gravitational fie]q strength?

In gravitational field, the gravitational force acting per unit mass IS calle

gravitational field strength. It becomes w
. oo eak
applying the gravitational force. - °r and weaker as we go away from !
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N
ANY

9
ANS:
510
ADS:
511
Ans:

512
Ans:
513
Ans:
5.14
Ans:

5.15
Ans;

S.10
Ans;

S.17
Ang:

Why lnw of gravitation in important to us?

|.aw ol p
helween (WO INANKES, [0 i used o ealeulnte the mass of Earth,

paplain the Inw of gravitation?
See Qo no. I Long Question
w the mass of Earth ean be determined?,

sravitation i important (o us beeausie it s uned (o culeulate force of attracti
action

Ho
Gee Q. nod Long Question
) -

(‘an you determine the mass of our moon? If yes, then what you need to know?
Yes we ean determine the mass ol the moon by same method used to measure the mass of

(e Earth with the help of faw of pravitation, The formula is;

y 4
M K l:

.
From the about relation it shows that we require,
g gravitational aceeleration on the surface of moon 1.62 ms ™’

R+ Radius of moon = 1.74 x 10" m

G = Gravitational constant = 6.67 x 10" N -m” kg™

Why docs the value of g vary from place to place?

See Q. no.A I,mw Question -

Explain how the value of g varids with altitude.

See Q. no.4 Long Question

What are artificial satellites?

Scientists have sent many objects into spaee. Some of these revolve around the [-arth.
These are called artificial satellites.

Large numbers of artificial satellites have been launched in different orbits around the
Earth, They take different time 40 complete their one revolution around the Earth
depending upon their distanee h from the Earth,

How Newton’s law of geavitation helps in understanding the motion of satellites.

The motion of satellites i duc to force of gravitation and this gravitational force is
provided by Earth. As weknow that Newton gave the law of gravitation, So, we can say
that Newton help us in tunderstanding the motion of satellites.

On what factors the orbital speed of a satellite depends?

As we know that
Vo gln (R o h)

So, weean say that orbital speed depends upon the gravitational acceleration and distance
between the center of carth and the satellite.

Why communication satellites are stationed at geostationary orbits?

The satellites in geostationary orbits remain all the time in front of target part of Earth so
that direction of receiver’s dish do not to be changed.

—— :
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1 Find the gravitational force of attraction between two spheres cach of mass 1000 kg,
The distance between the centers of the spheres is 0.5m.

Given Data

Mass of cach sphere = m; = ma = 1000 kg

Distance between their centers =d = 0.5 m

rn

Required
o . —F=7
Gravitational force between the spheres = FE¥

Solution

From the law of gravitation, we have
. Gmm,
I‘ - —-—d’z—‘

By putting the values, we have

~6.67x10™ x1000x 1000

F 1)
(0.5)°
= 6:07> 107
0.25
I =26.68 x 107
F=267x10"N

Result
Gravitational force between the spheres = F =2.67 x 10" N
52  The gravitational force between two identical lead spheres kept at 1 m apart is
0.006673 N. Find their masscs.
Given Data
Gravitational force = 1= 0.006673 N
Distance between centers =1 = 1 m
Gravitational constant = 6.67 x 10™" Nm*kg™
Required
Mass of cachlead spheres =m, = m. = 9
Solution
IFrom law of gravitation, we have
[=G m>xm,

r;
OR  myxm=F-r
G
By putting the values., we have

0.006673 - (1Y’

m; X n» =
6.67x10"
my N m = 0.001000 x 10"
my X m = 1.00 x 108
As mp =,

¢
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UNIT-5

M 162X (14X 10°)
6.67 ~ ]()
M = 1.62 ~ 3.0276_-: I 0"1
6.67~10
4.90710"
6.67 710"
M = 0‘735 X ]023
M = 7.35 x 1022 kg

Result

22
Mass of the moon =M = 7.35 x 10°" kg i -
5.5  Calculate the value of g at a height of 3600 km above the surface of the Earth,

Given Data ™ A "
Height above the surface of Earth = h = 3600 km = 3600 x 10°=3.6x10"m .
Gravitational constant = G = 6.67 x 107" N m’ kg"2
Mass of Larth =M = 6 x 10" kg
Required
Gravitational acceleration = g =7

Solution
As we know that
. GM
- (E-‘I" h)7

By putting the values, we have
_6.67x10"" x6%10"
(6.4 x10° +3.6x10%)?

_40.02x10"
(10 % 10%)?

_ 40.02%10"

1% 0"
2=40.02x10"
g =4.002 ms™
g2=4.0 ms?

Result

Gravitational acceleration = g=4 ms?
5.6 Find the value of g due to the E

geostationary orbit is 48700 km.,
Given Data

Radius of geostationary satelljte = R = -
Mass of carth = M = 6 x 10 ke 48700 km=48700 x 10° m=4.87 x 10" m

Gravitational constant = R = 6,67 x 11! N m? ko

arth at gt‘OStationai'y satellite. The radius of the
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R&‘qui d
Ghl\'imlional aCCClC i = g =9

Solution
As we know that

GM

(R +h)?

By putting the values, we have

6.67x10™"" x 6x 10
- (4.87x107Y?

40.02 x 10"

g =
o

I

as

= 23.72x10"
g=1.68x10"
g=0.168 ms™
g=0.17 ms™

Result

Gravitational acceleration = g, =0.17 ms

Gravitation

5.7 The value of g is.4.0 ms =2 at a distance of 10000 km from the centre of the Earth.

Find the mass of the Earth.
Given Duta
Gravitational acceleration = g =4.0 ms”

Radius fromn the center of Earth=R= 10000 km = 10000 x 1°m=1x10"m

s \ a 2102
Gravitational constant = G = 6.67x 10 "N m’ kg

Required
Mass of earth =M =7
Solution
As we know that
: ~ gRQ
M NG
By putting the values, we have
4x(1.0%x107)’
T T 6.67x10T
4x10"
M= 567x10"
M = 0.599 x 107
M = 5.99 x 10*
M=6x 10* kg
Result
Mass of Earth=M =6 X 10 kg

S |
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UNIT-5

Gravlt.uo R
\n
S8 At what altitude the value of g would bec_ome one fourth than on the surface of the .
Earth?
Given Data
Gravitational acceleration =g =10 m™

10 _ 2
Gravitational acceleration at height = g, =-§— =7 0.25 ms

Gravitational constant = G = 6.67 x 10! Nm’kg
Mass of earth =M = 6 x 10** kg

Required
Height of the satellite =h =7
Solution
As we know that
g g GM
" (R+hf
(R + h)2 — GxR
gh
By taking square root on both sides, we have
®R+hy = [2R
Eh
R+h=/GxR
Ehn
X
h= hadiS -R
Eh

by putting the values, we have

h=\/6.67><10'“ x6x10*
2.25

-6.4x10°

f 13
h:\/w-&z}x]ob

h=+17.79x10" - 6.4 x10°
h=+177.9x102 -6.4x10°

h=13.3x10°-6.4x10°

h=6.9x 10°m (Approximately equal to the radius of Earth)
Result

Altitude required=h=6.9 x 10° m (Approximately equal to the radius of Earth)
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Gravitation

I
A polar satellite is Jaun —————

ched at 85¢
) km abhgy

59
pata

Given
Height of satellite = h =
42000 km =
42000

Mass of earth =M =6 % 10% kg

Gravitational constant = G = 6,67 X 10 A n/zy 4-2

R u;red
Orbital speed of satellite = v, = 7
0=

solutw"
As we know that
. - [SM.
R+h
By putting the values, we have

¢ Fa i
arth, F md ity orbital speed.

10 m=424 10 m

v = \/6‘67710‘” #6710
6.4‘7106+4.2/10’

v=\/ 40.02 710"
¢ 0.64x10" +4.2=10

A /40.02x10'3
e 4.84 210’
= ./8.26%10°

v, =2.87%10°
= 2/870 mS'l_

Result
Orbital s

peed of satellite =Vo = 2870 ms”
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