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The discovery of the law of gravitation

The way the law of universal gravitation was
discovered is often considered the paradigm of
modern scientific technique. The major steps
involved were
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1. The hypothesis about planetary motion given by Nicolaus Copernicus
(1473-1543).

2. The careful experimental measurements of the positions of the
planets and the Sun by Tycho Brahe (1546-1601).

3. Analysis of the data and the formulation of empirical laws by
Johannes Kepler (1571-1630).

4. The development of a general theory by Isaac Newton (1642-1727)
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Newton’s law of Gravitation

It states that every body in the universe attracts every other
body with a force which is directly proportional to the product
of their masses and is inversely proportional to the square of
the distance between them.
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SI Unit:- G = 6.67 x10" "' Nm2K g2

S : 6.67 x10~8dyne — cm? g2
v —1 3T—2]

Its value is same throughout the universe, G does not der
on the nature and size of the bodies, it also does not dep
upon nature of the medium between the bodies.

Its value was first find out by the scientist "Henry Cayéndish
with the help of "Torsion Balance" experiment.

Value of G is small therefore gravitational force is weaker than
electrostatic and nuclear forces.



Gravitational force is always attractive.
» Gravitational forces are developed in form of action and
reaction pair. Hence obey Newton's third law of motion.
> It is independent of nature of medium in between two
masses and presence or absence of other bodies.
» Gravitational forces are central forces as they act along the
line joining the centres of two bodies.

IGcATHYUT Il FARIT HTHYS BIdT 81

> TEcaAThY T Jell I FRATS AR Ffafsrar sEh & &9 7 fawfaa fFar rar g
wﬁvwﬂ:wﬁ?aﬁmmﬂwaﬁl

> wﬂmwﬂﬁmﬁmmmﬂ;aﬁmmﬁ
gHfa & Taa7 ¢

> Ww%w%ﬁéﬂﬁw@#ﬁaﬁﬁaﬁﬂ@%
AT F1F FIG §




» The gravitational forces are conservative forces so work
done by gravitational force does not depends upon path.
> If any particle moves along a closed path under the action of

gravitational force then the work done by this force is
always zero.
» Gravitational force is weakest force of nature.
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Gravitational Field

Gravitational Field Intensity [I or E]
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Acceleration Due to Gravity (g)

Symbol g
Dimensional Formula MOLIT-2

SI Unit ms-2
Formula g = GM/r?
Values of g in SI 9.806 ms-2

Values of g in CGS 980 cm s-2
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Variation of g with Altitude

Or Rn= ‘ By Binomial expansion:
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Acceleration due to the gravity at x distance deep is only
due to mass M
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g o 1/a® above the surface
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fdua
below the

surface

A a=r=radius of Eath, a distance from centre of Earth

1.¢ atthe surface
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Q.2) Who among the following first gave the
experimental velocity ot g ?
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(a) Cavendish /&hdfeser
(b) Copernicus/ PR

(c) Brook Taylor/ s oY
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Q.4) Kepler’s second law regarding constancy of arial velocity of a
planet 1s a consequence of the law of conservation of
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Q.5) The dimensions of unmiversal gravitational
constant are
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Q9. If the radius of the earth were to shrink by one percent, its mass
remaining the same, the acceleration due to gravity on the earth’s surface

would
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Q10. What would be the duration of the year if the distance
between the earth and the sun gets doubled?
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Variation of g due to Shape . IN
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As the earth is an oblate spheroid, its radius near the equator ’.\ l_ R”_j‘%
IS more than its radius near poles. Since for a source mass, \ J
the acceleration due to gravity is inversely proportional to | i

the square of the radius of the earth, it varies with a—
latitude due to the shape of the earth.




% The earth is not perfectly [KakalbUGEERICICIRE
spherical. It is flattened at & Wwwm%i‘ﬁ?
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the poles and elongated Wi

on the equatorial region %ﬁmméﬁ
IS approximately 21 km ﬂa’rwarfﬂmammtr
more than that at the T@TWW%

poles. Hence g Is
maximum at the poles
and minimum at the
equator




i Variation of g due to shape of the earth A

The shape of the earth is bulged at the equator and
flat at the poles.

This means earth has large radius at the equator than
at poles. We know that,
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So, acceleration due to gravity is more at the pole than at
the equator.
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If latitude angle L = 0. It means at equator. g’..=g-R, w?

If latitude angle L = 90 . it means at poles. g’.. =g
Change in "g" only due to rotation Ag, =g — g = 0.03 m/s:

5 5 0.02my/s’  (due to shape)
AGun=G,~ .= (0.05m/s) — < 0.03m/S (due to rotation)




Gravitational Potential

v’ Gravitational potential is the amount of work done in
bringing a body of unit mass from infinity fo that point
without changing its kinetic energv.

» Gravitational potential,

» Gravitational potential is a
scalar quantity and its unit

and its dimensions are J/kg
and [L?T %]
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Escape Velocity

» [t is the minimum velocity required for an object at Earth’s surface
so that it just escapes the Earth’s gravitational field.
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% =112 km/s
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Escape energy

e Minimum energy given to a particle in form of
kinetic energy so that
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« Escape velocity does not
depend on mass of body,
angle of projection or
direction of projection.

ape velocity at : earth surface
noon surface v,
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Kepler’'s Laws

. Law of Orbits:- All planets move around the Sun in
elliptical orbits, having the Sun at one focus of the




planet to the sun




« When the planet is nearest to the sun, then its speed is
maximum and when it is farthest from the sun, then its
speed is minimum.

 The areal speed da/dt of the planet is constant,

 The angular momentum J of the planet is also constant,

 The angular momentum of the planet is conserved.

 Kepler's second law is equivalent to
conservation of angular momentum.
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Law of Periods:-

The square of the
period of revolution
of any planet around
the Sun is directly
proportional to the
cube of the semi-
major axis of its
elliptical orbit



'3. Law of Periods |
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SATELLITE MOTION/3991g aifa

A light body revolving round a heavier body
due to gravitational atiraction, is called
satellite. Earth is a satellite of the Sun while
Moon is satellite of Earth.
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Orbital velocity(v):-A satellite of mass m
moving in an orbit of radius r with speed v,
then required centripetal force is provided by
gravitation.
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Orbltal Velocity
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 If a body is taken at some height from earth and given horizontal
velocity of magnitude 8 km/sec then the body becomes satellite of
earth.

« V. depends upon : mass of planet, radius of circular orbit of satellite,
g (at planet), density of planet

of a near by satellite becomes \/fvO (or
oled) then the satellite escapes

a Ve




Time Period of a Satellite

The period of a satellite Is the time It takes It to make

one full orbit around an object. The period of the Earth as
it travels around the sun Is one yeatr.







For Geostationary Satellite T = 24 hr, h = 36,000
km

Vo = 3.1 km/s

For Near by satellite
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e T=21 = 84minutes=1.4hrs=5063seconds
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« Time period of near by satellite only
depends upon density of planet.
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For Moon, h=380,000 km &
T=27 days

27(R, +h) 21(386400 x 10°)

T.  27x24x60x60
\'/ _1.04 km/sec

om=




Geo—Stationary Satellite

When a geosynchronous satellite is placed directly above the
Equator with a circular orbit and angular velocity identical to that of
the Earth, the satellite is known as a geostationary satellite.

These satellites appear to be stationary above a particular point
which is due to the synchronization.

399§ $I gl & AT Th
&







» [t rotates in equatorial plane.

* Its height from Earth surface is 36000 km.

* Its angular velocity and time period should be same as that of
Earth.

* Its rotating direction should be same as that of Earth (West to East).
* Its orbit is called parking orbit and its orbital velocity is 3.1
km./sec.
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Ecliptic Pole
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Equatorial Plane
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Earth .—'f Ecliptic Plane

The Relative Size and Distance of the Earth and Moon




It is that saftellife which revolves in
polar orbit around Earth. A polar
orbit is that orbit whose angle of
inclination with equatorial plane of
Earth is 90 and a saftellite in polar
orbit will pass over both the north
and south geographic poles once
per orbit. Polar satellites are Sun-
synchronous satellites. The polar
satellites are used for getting the
cloud images, atmospheric dataq,
ozone layer in the atmosphere and
fo detect the ozone hole over
Antarctica.
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