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B.Sc. I – Semester-I 

Course Code- U-PHY-135 

Mechanics and
Properties of Matter-I 

Unit I: Gravitation (Book-1) 
(Periods 11)

▸ Introduction, Kepler’s laws, Newton’s law of gravitation, Newton’s 
deductions from Kepler’s laws, gravitational potential due to a spherical 
shell: i) at a point outside the shell, ii) at a point inside the shell, 
gravitational potential due to a solid sphere, numerical problems

Unit II: Elasticity (Book-1) 
(Periods 12)

▸ Introduction, twisting couple on a cylinder, torsional pendulum,
determination of coefficient of modulus of rigidity of a wire: statistical
method, dynamical method Maxwells needle, bending of beams, bending
moment, cantilever loaded at free end: when the weight of the beam is
ineffective and effective, beam loaded at the centre, numerical problems

Unit III: Surface Tension (Book-1) 
(Periods 11)

▸ Introduction, pressure difference across a liquid surface (case of
drops and bubbles), rise of liquid in a capillary tube, experimental
determination of surface tension by Jaeger’s method and Ferguson
method, factors affecting surface tension, numerical problems

Unit IV: Viscosity (Book-1) 
(Periods 11) 

▸ Introduction, rate of flow of fluid, lines and tubes of flow, Reynolds
number, co-efficient of viscosity, Poiseuille’s equation for flow of liquid
through a horizontal capillary tube, η by Poiseuille’s method, Stoke’s
law, rotation viscometer, variation of viscosity of a liquid with
temperature and pressure, numerical problems.

▸ Recommended Book:

▸ 1. Elements of Properties of Matter--- D.S Mathur, Shyamlal
charitable trust, New Delhi.

▸ Reference Books:

▸ 2. General Properties of Matter---J. C. Upadhyaya, Ram Prasad 
and Sons publishers.

▸ 3. Properties of Matter --- Brijlal and Subramanyam, S. Chand and 
Co.
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GRAVITATION

THE UNIVERSAL LAW OF 
GRAVITATION

INTRODUCTION
▸ An object changes its speed or direction of motion only when a force 

is applied on it.

Force and Acceleration

▸ Application of the force accelerates the 
object.

Here a tennis player hits
a ball and see the ball is
moving very fast and its
direction of motion is also
changing.

Why is it that when
we jump we always
land on the earth, and
do not remain
suspended or move
upwards?

WHERE DO WE ALWAYS FALL ? What makes us to fall on the earth 
always?

▸ There is always some force acting on us that
guides our direction of falling.

▸ No matter from where ever we jump, or we drop
objects from anywhere they will always fall
towards the earth.
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What makes the apple to always 
fall on the earth?

It was Isaac Newton who
posed this question and
answered it. Newton
stated that all objects
attract each other along
the line joining their
centers.

Every object in the universe attracts every other object 
towards itself

This force with which
the two objects attract
each other is called the
force of gravitation

The force of gravitation
acts even if there is
nothing connecting the
two objects.

The Universal Law of Gravitation

▸ Newton did not stop after proposing that a 
force of gravitation exists. He expressed the 
law in a clear and precise language- the 
language of mathematics.

The Universal Law of Gravitation states 
that

▸ Any two point particles with masses m1 and m2

attract each other by a force whose magnitude is
directly proportional to the product of the two
masses, that is m1m2 and inversely proportional to
the square of the distance R between them. The
direction of the force is along the line joining the two
masses.

The Universal Law of 
Gravitation states that

▸ Every particle of matter attracts every other
particle with a force which is directly proportional
to the product of their masses, and inversely
proportional to the square of the distance between
them.

In the mathematical form the law can 
be represented as…
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In the expression 

G is a gravitational constant. It does not depend
on the value of masses or the distance between
the masses. The constant G will remain the same
for any two objects anywhere in the Universe.

Value of G is 6.6734 x10-11 Nm2 / kg2

20

Uses of Gravitation

▸ It is the gravitational force
that keep everything at its
place. Otherwise we would
have been floating in the
air.

It is due to gravitation that we are walking on the Earth.

Weightlessness in space 
vehicle

Uses of Gravitation 
contd..

▸ It also keeps the earth,
sun and other celestial
bodies at their right
places
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 g has Value of 9.8m/s2 on Earth’s surface. The value of g observed to be 
different from place to place because,

▸ Earth is not uniform.

▸ It is not a perfect sphere. 

▸ It rotates.

24

Height in km g in m/s2 Place

0 9.83 On mean earth surface

8.8 9.8 On mount Everest

36.6 8.71 Highest manned balloon

400 8.7 Space shuttle orbit

35700 0.225 Communication satellite
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Kepler’s Three Laws of Planetary 
Motion

▸ The path of a planet is an elliptical orbit, with the sun 
at one of the foci.

▸ The radius vector, drawn from the sun to planet 
sweeps out areas in an equal time

▸ The square of a planet’s year, (i.e. its time-period, or its 
time of revolution round the sun), is proportional to 
the cube of the major axis  of its orbit.
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Newton’s deduction from kepler’s law

I. deduction
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