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GRAVITATION

Important Points:

1. Kepler's Laws
a)Law of Orbits:
Every planet revolves around the sun in an etlghtorbit with the sun at one of the foci.
b) Law of Areas:

The areal velocity of the radius vector drawn fritvea sun to the planet sweeps out equal areas

in equal time intervals.
c) Law of time Periods:

The square of the time period of a planetiadathe sun is proportional to the cube

of the semi-major axisT?a R®
2. Kepler's second law obeys the law of conservatibangular momentum.
Pw = const. (or) r v = const.
Or v = const
Where r = the distance between the sunlaglanet.
V = the speed of the planet.
w = the angular velocity of the Planet.
3. Basic forces in Nature:
i) Gravitational Force
i) Electromagnetic Force
lii) Strong Nuclear Force

Iv) Weak Nuclear Force
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4. The ratio strengths of gravitational, weak nucl&ectromagnetic and strong nuclear forces are

respectivelyl:10* :16° :16°
5.  Newton’s law of Gravitation:

The force of attraction between any two bodieslirectly proportional to product of their

masses and inversely proportional to square chist between thers = Gmlzmz
p

Where G is universal gravitational constant
6. Value and units of G:
G =6.67 x 10* Newton - m kg2
Dimensional formula :G=M 1372
7. Relation between ‘G’ and ‘g’
Relation between gravitational constant and acaets due to gravity is given by

_Gm

IR

8. Variation of ‘g’

a) Acceleration due to gravity at certain altitudeigihé)’'n’ is given by

R Y 2h
= - | 1-—
0,20 mr ) Oa1-2)

b) Acceleration due to gravity at certain depth‘dgisen by

d
O = g(l_ﬁj

c) Acceleration due to gravity at certain altituges given by

g, = g - Ra’ cos’ ¢ Where g latitude angle
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9.  Gravitational PE ==MM_ Mg"
2r 2
10.  Gravitational KE =—SMM _ _mor
2r 2
11.  Gravitational. Total energy——GNIm =- mgr

13. Orbital Velocity:

It is the horizontal velocity with which a body shd be projected in order that it may revolve

round the Earth in an orbit.

GM GM
V, =, — 0O,|— 0OygR =7.9%&m / sex
"“Vr+h \ R g

14. Escape Velocity (\):

The minimum velocity with which a body should beojected to overcome the Earth’s

gravitational field is called the escape velocity.
V, = % =\20R 011.&m /s

15.Relation betweery,' and ‘v, is V, =/2v, =1.414/,

16. Geo-Stationary or Polar Satellite:
I. Time period is 24hrs.
ii. Its velocity relative to the Earth is zero.
iii. Height of the geo-satellite from tearface of the Earth is about 36,500km and 42,500 K

1/3
M sz -R

from the centre of the Earthh :(
417

Iv. Geo-satellites are used to know the staaql size of the Earth, communication purpose etc.
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Very Short Answer Questions

State the units and dimensions of universal gratational constant (G)?
Units : N —m*/ kg?
Dimensional formulaf M LT ]

State vector form of Newton'’s law of gravitatior?
The force of attraction of between the bodiemassesn and m, separated by a distance r

Gmm, . _ Gmm,-
r.2

is given byF = 3
r

If the gravitational force of Earth on the moonis F, what is the gravitational force of

moon on Earth? Do these forces from the action reéion pair?
I) The gravitational force of the moon on the Earth
i) These two forces equal and opposite directitence they from action and reaction pair.

What would be the change in acceleration due tgravity (g) at the surface, if the

radius of the Earth decreases by 2%, keeping the ass of the Earth constant?

GM Ag AR
= = =)
R? g R

%MOO: —Z(A—;x 10(3 =-2(-2%) = 4%.

If the radius decreases by 2%, then acceteralie to gravity also increases by 4%

As we go from one planet to another how will ahe mass and b) the weight of body

change?
a) Mass of the body remains same

b) As g changes, weight of the body also changes

www.sakshieducation.com



www.sakshieducation.com

Keeping the length of a simple pendulum constanvill the time period be the same on all

planets? Supports your answer with reason?

No As ‘g’ changes from planet to planet. Time pdriicr Di} also changes

Jo

Give the equation for the value of g at a deptfd’ from the surface of Earth. What is the

value of ‘g’ at the centre of Earth?

The equation of g at a depth‘d’ from surface oftkag, = g{l—%}
At the centre of the Earth, = g(l—gj =0 [-d=R]

What are the factors that make ‘g’ the least athe equator and maximum at the poles?
Equator:

The factors that make ‘g’ the least at the equater

I) Equatorial radius of the Earth is maximum.

ii) Latitude, ¢=0° [ - g, = g - Raf cos’ ¢].

Poles

The factors that make ‘g’ maximum at the poles are

i) Polar radius of the Earth is minimum.

i) Latitude ¢=90".

“Hydrogen is in abundance around the sun but noaround the Earth”. Explain?

The escape velocity on Earth is, which is [#smn r.m.s. velocity of hydrogen gas. But the
escape velocity on Sun is, which is greater tharrtm.s. velocity of hydrogen gas. Hence the

hydrogen is abundance around the sun and lessdtbertarth.
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What is the time period of revolution of a geatationary satellite? Does it rotate from

west to east or from east to west?
Time period of revolution of a geostationary séteils 24 hours. It rotates from west to east.
What are polar satellites?

A satellite that revolves in a polar orbit is cdlle polar satellite. A polar orbit passes over

north and south poles of the Earth and has a snmatieus 500 — 800km

Short Answer Questions

State Kepler’s laws of planetary motion

Kepler's Laws:

1) | Law (or) Law of Orbits:

All planets move in elliptical orbits around tharBwith the sun situated at one of the foci.
2) Il Law (or) Law of Areas:

The line that joins any planet to the sun sweepsleayeas in equal intervals of time.

3) Il Law (or) Law of Periods:

The square of the time period of revolution ofanpt around the Sun is proportional to the

cube of the semi major axis of the ellipse traceihy the planeti.eT? 0a’

Deduce the relation between acceleration due ¢pavity (g) at the surface of a

planet and gravitational constant (G)?
Relation Between g and G:

Consider a body of mass ‘m’ on the surface of an@l of radius R and mass M. The

gravitational force acting on the body is given by

F=mg (1)

According to universal law of gravitation
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GMm
F= R2 - (2)

GMm Or g:GM

Equating (1) & (2), mg= R R?

How does the acceleration due to gravity (g) chge for the same values of height (h)
and depth (d)?

a) For smaller heights, the variation of ‘g’ tviteight ‘h’ isg, = g(l—%h]

The variation of ‘g’ with depth‘d’ ig, = g(l—%)

= —gl=-hoh)o g, - g
Ifd=h,g, g[lR Rj a, =

0, < 9y

Hence for same value of d and h, the value ofdgtreases more at height compared to
depth.

2
b) For larger heights, the variation of ‘g’ witkight ‘h’ is g, = g(RThj

The variation of ‘g’ with depth‘d’ ig, = g(l—%)

Ifd= h,gh:% and g = (

08> g

Hence for same value of d and h, the value oingfeases more at height compared to depth.
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What is Orbital velocity? Obtain an expressiondr it?
Orbital Velocity:

The velocity to be given to a body in order tealge round the Earth in circular orbit

Is known as orbital velocity.

Expression:

Consider a satellite of mass ‘m’ revolving arotind Earth at a height ‘h’. Let M be the

mass and R be the radius of the Earth. kgtbe the orbital velocity on the surface of

the Earth. The gravitational force between Eanith satellite provides necessary

centripetal force.

mv.> _ GMm , _ Gmm
= > Or v°=
(R+h) (R+h) (R+h)
GM
] =
“ T\ (R+1)
But, g= GM GM =g(R+h)

(R+h) _ (R+h)
Ov, =4 g(R+h)

[o]

If the satellite is very close to Earty,=./gR = 7.92Km/sec.
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What is escape velocity? Obtain expression faf
Escape Velocity:

The minimum velocity required by a body to escapenfthe gravitational influence of

Earth is called escape velocity (Mof the body.

Expression:

Consider a body of mass ‘m’ on the surface oftthgh of mass 'M’ and radius R. Let |V

be the escape velocity of the body.

The work done in bringing the body from infinity the surface of the Earth is stored as

gravitational potential energy.

Gravitational potential energy = _%Rm ------- (2)

The negative sign indicates that the body is bdaritle Earth.
o 1 .,
Kinetic energy:EmVe —(2)
From (1) and (2)

lmvj _GMm L= [2GM
2 R R

GM

But, g= =

OV, =,/2gR=11.2 Km/sec

What is a Geo Stationary satellite? State its es?
Geo - Stationary or Polar Satellite:

A Satellite whose time period of revolution is elwathat of rotation of Earth (24 hours) is

calledGeostationary Satellite
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Uses:

These are used to

1) Know the shape and size of the Earth.

2) Study the changes in the atmosphere.

3) Study the upper regions of the atmosphere.

4) ldentify the minerals and natural resouraes@nt inside the Earth.

If two places are at the same height from the naa sea level. One is a mountain and other

Is in air. At which place will ‘g’ be greater? Stae the reason for your answer

g= :ganG [M =Vp=§ﬂR3p}

R2

Where p is the mean density of the Earth. Sigcep, the density of the mountain is greater

than that of air. Therefore, g is more at the maimt

The weights of an object is more at the polesah at the equator. At which of these can

we get more sugar for the same weight? State theason for your answer.

Since the weight of the object is more at the ptiias at the equatow, >W, = M g, >mg,
Henceg, > g, [- m, =m, =constant]

If weight, W = mg = constant, thenD1

g

As g,>g,, m >m_ i.e., mass of sugar at equator is more than nfamsgar at poles. Hence at

equator, we get more sugar for the same weight.
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If a nut becomes loose and gets detached fromsatellite revolving around the Earth,
will it fall down to the Earth or will it revolve i n the same orbit as the satellite? Give

reason for your answer?

The nut is initially revolving around the Eadlong with the satellite. Hence it revolves in

the same orbit around the Earth even after it besdopse.

An object projected with a velocity greater tha or equal to 11.2ms™ will not return to

Earth. Explain the reason

The escape velocity on the surface of the Eariiii28km/s. hence an object is projected with a

velocity greater than or equal to 11.2 km/s theeclyvill not come back to the Earth.

Long Answer Questions

Define gravitational potential energy and derivean expression for it associated with two

particles of massesn andm,.

When two or more bodies interact with each other tdugravitational forces, some work must
be done in assembling together in their respegti®ees. That work done is called potential

energy of the system.

For a system of two masses, potential energyesyistem is defined as the amount of work

done in bringing these two masses from infinityhteir respective places

B F
o —e—o
"> m, Q P

e

J
I X 4

Consider a space, where there is no gravitatioeldl now work is done to bring a body of

massm to a point A. nowm produces a gravitational field in the space. Tindanother
body of massn, from infinity to point B at a distance r from some work is required. This

work is done by the gravitational force of attrantof m acting onm,

Gravitational force acting om,, which is at P isF :Gm-l—zm2
X
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Let the bodym, is displaced by a distance dx to point Q work done
dW = F.dx = Fdxcosd :a:(‘l—z”‘de [ 6=0°]

O Total work done to bring the mass from infinity to point B is

W= [aw = j Gr:(‘lz”bdx = _Gr:‘lmz

We know that work done by conservation force isad@o negative of change in potential

energy
ie.,W=-U, -U)=>W=U,-U,

Since P.E. at infinity is zere/ =U, =U

(say)

Derive expression for the variation of accelerain due to gravity?
(a) Above and (b) Below the surface of the Edrt
Height:

Let M be the mass, R be the radius and be thsitgeof the Earth .

GM

R2

On the surface of the Earth g

GM
R+h)*

At a height ‘h’ from the surface of the Eargh= ( -—(2)

: R Y
From equations (1) & (2),9, = 9| ——
9 (1) & (2).9, g(R+hj

2h

If h <<R, g, = g(l—Ej

Hence the acceleration due to gravity decreastbstiagé increase of height.
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Depth:
Let M be the mass, R be the radius and be thsitgeof the Earth .

GM
R2

On the surface of the Earth g

But mass of the Earth (M) %nR"’,o

The gravitational force at a depth ‘d’ from thefage of the Earth is only due to the

inner solid sphere of radius (R-d).
4
0, =(§ nGp](R—d) ------- )

_(R-d)

From equations (1) & (2),9—d R
g

d
Ug, =g|l——
94 9|: R}

Thus the value of ‘g’ decreases with i.e. increasfedepth.

State Newton’s universal law of gravitation. Exfain how the value of the gravitational

constant (G) can be determined by Cavendish method?
Newton’s Universal Law of Gravitation:

Every particle in the universe attracts every otparticle with a force, which is directly
proportional to the product of their masses anckiis®ly proportional to the square of the

distance between them. This force acts alongilegadining the two particles.

Let two particles of massesy and m, are separated by a distance 'r'. From the law of

gravitation, the force of attraction F between them
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FOLE or p =gl
r r

Where G is called universal gravitational constant
Cavendish Method:

Two small lead spheres each of mass ‘m’ are agthel the ends of a bar AB .The bar AB is
suspended from a rigid support by a fine quarterfiim the horizontal plane. Two big lead
spheres, each of mass ‘M’, are brought close tdlsias but on opposite sides as shown in

figure. The small spheres move towards the big odee to gravitational force of
attractionF :%, where d is the distance from the centre of bigidaneighboring small

sphere.

This produces a torque which deflects the rodl. be the length of the rod, then the deflecting
GMmL

d2

gravitational torque & xL =

Restoring torque of the suspension wirec=
Wheré&f is the angle of twist of the suspended wire,

At equilibrium, deflecting gravitational torquerestoring torque

2
GM;nL:Te or G:red
d MmL

Thus the value of G can be determiGee6.67x 10" Nmg 2.
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Problems

Two spherical balls each of mass 1kg are placed lapart. Find the gravitational force

of attraction between them?
m=m,=1kg ; r=1cm=10°m
From Newton law of gravitation,

_Gmm, _6.67x10"x X 1

F > — =6.67x 10°N
r 10

The mass of a ball is four times the mass of ater ball. When these balls are separated
by a distance of 10cm, the gravitational force beteen them is 6.67x 10’N. Find the

masses of the two balls?

m=m; m=4m; r=10cm=10'm; F=6.67x10'N
Using Newton law of gravitation,F :Gr?_zmz

6.67x 10" xmx 4n

6.67x10" = —
10

=m= %g

Om =5kg , m, = 2kg

Three spherical balls of mass 1kg, 2kg and 3kgeaplaced at the corners of an equilateral
triangle of side 1m. Find the magnitude of gravitabnal force exerted by the 2kg and 3kg

masses on the 1kg mass.

Force between 1kg and 2kg is-

F =M, F1=G:1§:2:2(3
r

my =3 kg

1m

m =1kg F, my=2kg
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Similarly force between 1kg and 3kg is-

_Gmm, _Gx1Ix3_
r2 (1)2

F, 3G

In equilateral trianglé =60, F, =2G andF, =3G

U Resultant force (Fz)\/ F’+F/+2FF,cosd

=J2(G)? +3G) + 2(G)3G ) cos 60

=/4G? + 9G + 667
OF =GV19

At a certain height above the Earth’s surface lte acceleration due to gravity is

4% of its value at the surface of the Earth. Detanine the height?

R? N 4 _ R?
(R+h)2 100 (R+h)2

gl
E_

h =4R =4 x 6400 = 25600km
A satellite is orbiting the Earth at a height ofL000km. Find its orbital speed.

h = 1000km, R = 6400km

Orbital velocityV, =

GM _ [6.67x10"x 6< 16* _ | 40.02 10
R+h (6400+ 1000)19 7400 10

OV, =0.7354< 10m= 7.35dm

A Satellite orbits the Earth at a distance equalo the radius of the Earth .Find its
(i) Orbital Speed and (ii) Period of Revolution.

M =6x10"kg ; R= 6400km

(i) Speed of satellitw], = |
R+h
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11
v, z\/6.67>< 107% & 16° [ oo
2x 6400« 10
iy 2RI o g 27X 2x6400¢ 10 4hours
v, 5.592x 10

The gravitational force of attraction between tvo objects decreases by 36% when

the distance between them is increased by 4m. Finlde original distance between them.

i: k i Or 1_002L4 iozill
F, \n 64 r 8 r
O r =16m

For identical masses of m are kept at the corngrof a square of side a. Find the

gravitational force exerted on one of the masses ltlge other masses.

m=m,=m,=m,=m

Gm?

Force betweemn andm,, F,, =
imi _Gm’
Similarly force betweem, andm,, F,, =

Resultant force betweef,, and F,, is F, =/F2+F%

2 2
Gm? Gm? Gm? Gm?
:FR:\/{ a’ } J{ a’ } =V2 a’ andF, = 2a?

F. andF,, are parallel forces. So resultant of them is
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Gm* Gm?* Gm? 1
F=Ftfy=V2 2 2 & {\/EJrE}

Two spherical balls of mass 1kg and 4kg are sajated by a distance of 12cm. Find
the distance from 1kg at which the gravitational brce on any mass become zero?

m =1Kg ; m,=4Kg; d =12cm

Gmm _ Gmm, 1_ 4
2 2 Or N 2
X (d-x) X" (12-x)
U x=4cm

Three uniform spheres each of mass m and radilis are kept in such a way that each
touches the other two. Find the magnitude of the @vitational force on any one of the
spheres due to the other two?

m=m,=m,=m,; r=2R

2
Force between 1 and 3 sphefes (C;s)z = F(say)
Gm* _
Force between 1 and 2 sphefes Ry F

In equilateral triangled = 60°

3

&

1 2

Resultant force betweeR andF, is F, =+/F2 + F2 +2F,F,cosd

:\/F2+F2+2F2cos6@:x/_tlF

Gm?

OF, =3
R \/_4R2
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Two satellites are revolving round the Earth atlifferent heights. The ratio of their
orbital speeds is 2:1. If one of them is at heiglaf 100km, what is the height of the other

satellite?

V,),:(V,),=2:1; h =100km; h,=?
Vo) _ [R+h, Ly = [Gm
Vo). VR+h, - VR+h

S22 [RHh 4 RN,y o 3R+ 400= % 6406 10
1 R+100 1 R+ 100

0 h, =1960Gkm

A satellite is revolving round in a circular obital with a speed of8kms™ at a height where
the value of acceleration due to gravity i8Sms™. How high is the satellite from the Earth’s

surface? (Radius of planet = 600nm)

V, =8kms™; g=8ms™? =8x10°ms*; R = 6000 km

Orbital velocityV, =/g(R+h) = 8=,/8x10° R+h)
— 64=8x10° R+h )= R+h = 800!
= h=8000-R= 80006- 600& 200&n

a) Calculate the escape velocity of a body frothe Earth’s surface. B) the Earth were
made of wood, its mass would be 10% of its curremhass. What would be the escape

velocity if the Earth were made of wood?

M =6x107kg; g=9.8ns2; R = 6400 km =6.4x10m

a) Escape velocity, =/2gR =+/2x 9.8< 6.4« 16 = 11lans

10

byM _ =—"M._ =6x10k
) wood 100 e g
1
V.= /ZGR'V' =\/2" 667;:3;(; & 10 SV, =11251x 16 = 3.536ms™
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