Gravitation
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Every object in the universe attracts every
other object with a force which is called the
force of gravitation. Gravitation is one of the
four classes of interactions found in nature.
These are (i) the gravitational force (ii) the
electromagnetic force (iii) the strong nuclear
force (also called the hadronic force). (iv) the
weak nuclear forces. Although, of negligible
importance in the interactions of elementary
particles, gravity is of primary importance in
the interactions of objects. It is gravity that
holds the universe together.
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Newton’s Law of Gravitation: Gravitational
force is a attractive force between two
masses my and m, separated by a distance
r. The gravitational force acting between two
point objects is proportional to the product
of their masses and inversely proportional
to the square of the distance between them
Gravitational force
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where G is a universal gravitational constant.
The value of G is 6.67 X 10" Nm? kg? and
is the same throughout the universe. The
value of G is independent of the nature and
size of the bodies well as the nature of the
medium between them. Dimensional formula
of G is [M'L? T].
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Weight:

The weight of an object is the force with
which it is attracted towards the center of the
Earth (or any other celestial body).

Weight (W) = mass (m) x acceleration due to
gravity (g).
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Acceleration Due to Gravity (g):

Near the Earth's surface, the value of g is
approximately 9.8 m/s? . It varies slightly with
altitude and location.
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Gravitational Potential Energy:

The gravitational potential energy (U) of an
object is the energy it possesses due to its
position in a gravitational field.
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U = -G(mimy)/r
Escape Velocity:

Escape velocity is the minimum velocity
required for an object to escape the
gravitational field of a planet or celestial body.

It depends on the mass and radius of the
celestial body: Ve =V(2GM/R), where M is the
mass of the body, and R is its radius.
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Kepler's Laws of Planetary Motion:

Kepler's three laws describe the motion
of planets in elliptical orbits around the Sun.
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Satellites:

Artificial satellites are placed in orbit
around Earth using rockets.
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Geostationary satellites orbit at the same
rate as Earth's rotation and are used for
communication.
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Gravitational Potential:

Gravitational potential (V) is the potential
energy per unit mass at a point in a
gravitational field.

V = -GM/r, where M is the mass of the
celestial body and r is the distance from its
center.

TocdrT fasra:

TRcdThYUT &THAT (V) Tocarehyor &9 H Teh
fig T i 3PS Gead=T S WA Soir B

V = -GM/r, STgT M3TerelT U5 1 g
& 3 r 3EF & @ gl B
Orbital Velocity:

Orbital velocity is the minimum velocity
required for an object to stay in a stable orbit
around a celestial body.

It depends on the mass and radius of the
celestial body: Vo=V(GM/R).
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Weightlessness:

Astronauts in space experience apparent
weightlessness because they are in freefall
around Earth, just like their spacecraft.
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Gravitational Potential Energy in a Uniform
Field: Near the Earth's surface, the gravitational
potential energy of an object of mass m is
U=mgh, where h is the height above the
ground.
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Principle of Superposition of Forces: The
net gravitational force on an object is the
vector sum of the individual forces acting on
it from all other objects.
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MULTIPLE CHOICE QUESTIONS:
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1. Newton's universal law of gravitation applies to

(a) small bodies only

(b) planets only

(c) both small and big bodies

(d) only valid for solar system
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For a particle inside a uniform spherical
shell, the gravitational force on the particle
is

(a) infinite (b) zero
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The value of G varies with



