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5. FORCE - eflen&

Forces of nature

>

Sir Issac Newton was the first one to give an exact
definition for force.

“Force is the external agency applied on a body to change
its state of rest and motion”.

There are four basic forces in nature. They are

1. Gravitational force,

2. Electromagnetic force,

3. Strong nuclear force and
4

Weak nuclear force

Gravitational force

>
>
>

It is the force between any two objects in the universe.

It is an attractive force by virtue of their masses.

By Newton's law of gravitation, the gravitational force is
directly proportional to the product of the masses and
inversely proportional to the square of the distance
between them.

Gravitational force is the weakest force among the
fundamental forces of nature but has the greatest
large—scale impact on the universe.

Unlike the other forces, gravity works universally on all
matter and energy, and is universally attractive.

*The Earth is not a perfect sphere; it bulges at the equator,
meaning the radius at the equator is larger than the radius
at the poles. Since the formula for acceleration due to
gravity (g=GmM/r2) includes the radius of the Earth in the
denominator, a smaller radius (at the poles) results in a
larger value of g. Therefore, as you move from the
equator to the pole, the value of g increases.

*The value of g is not constant due to the Earth's bulge.

*Gravity is never zero on or near the Earth's surface
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*The variation of gravity (g) with time can be used to
reveal seismic activity.

*How variation in gravity reveals seismic activity:

*Mass redistribution, Gravity anomalies, Prompt gravity
signals, Fault monitoring.

*Not the attraction of an electron in the orbit and the
nucleus: While there is an attractive force between an
electron and the nucleus of an atom, this force is primarily
governed by the electromagnetic force, not gravity.

*Newton's Law of Gravitation states that every particle of
matter in the universe attracts every other particle with a
force that is directly proportional to the product of their
masses and inversely proportional to the square of the
distance between their centers. This means that the force
of gravity exists between any two objects with mass,
including the Earth and the Sun, as well as the Moon and
the Earth.

*Newton's first law is often called the "law of inertia"
*Energy, Work done, Momentum not directly related to

the concept of inertia.

Electromagnetic force

>

It is the force between charged particles such as the force
between two electrons, or the force between two current
carrying wires.

It is attractive for unlike charges and repulsive for like
charges.

The electromagnetic force obeys inverse square law.

It is very strong compared to the gravitational force.

It is the combination of electrostatic and magnetic forces.

Strong nuclear force

>
>

It is the strongest of all the basic forces of nature.
It, however, has the shortest range, of the order of 10"

m.
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» This force holds the protons and neutrons together in the
nucleus of an atom

Weak nuclear force

» Weak nuclear force is important in certain types of
nuclear process such as B-decay.

» This force is not as weak as the gravitational force.

UNIT OF FORCE

» Inthe international system of units (Sl System), the unit of
force is newton (N).

» Sir Issac Newton (1642-1727)

Contact force

Non contact Forces

Electro Static
force

Gravitational
force

Magnetic
force

Molecular Forces:

» Surface Tension is essentially a molecular phenomenon.
» There are two types of molecular forces of attraction
(1) adhesive force
(2) cohesive force.
» Forces between molecules of different substances are
called adhesive forces.
» The adhesive force is different for different pairs of

substances. Gum or glue is an adhesive.

» The force of attraction between gum and paper is an
adhesive force.

» Forces between molecules of the same substances are
called cohesive forces.

» The cohesive forces are short range forces and therefore
they are effective only up to a very small distance.

» The adhesion of water to glass is stronger than the
cohesion of water.

» On the other hand, the cohesion of mercury is greater

than its adhesion to glass.
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» The maximum distance at which the molecules can attract
each other is called molecular range. The molecular range
is of the order of 108 cm.

> A liquid gives force of 100N over an area of 2m?2. What is
the pressure?

» A liquid's force is acting over an area of 4m power 2. If
the pressure is 25 N/m power 2, what is the force?

Blaise Pascal (1623-1662)

> One of the greatest scientists of the 17" century. He was
a child prodigy.

» A French mathematician, physicist, inventor, writer and
philosopher.

The Sl unit of pressure is named after him.
The pressure of a liquid can also be calculated by using a
formula.

P = hdg
P = pressure of a liquid
H = height of the liquid column
D = density of the liquid
G = gravitational force.
» Deep sea divers wear specially designed suits to protect

them from the huge pressure of the water underneath.

» The walls of the dams are made stronger and thicker at
the bottom than at the top of the dam to withstand the
huge lateral pressure of water at the bottom.

» The atmospheric pressure at sea level is approximately
1,00,000 N/m? or (10°N/m?).

> As we go higher and higher above the earth surface, the
atmospheric pressure decreases.

» The blood pressure inside our body would need air
pressure outside to keep us safe.
» When we go above the earth’s atmosphere, the pressure

outside is very less.
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>

But, the pressure inside our body is very high. Due to this
our body will burst. So, to avoid this astronauts wear a

special dress.

Measurement of atmospheric pressure

>

>

The atmospheric pressure is not the same at all places. It
decreases as we go above the earth’s surface.

The instrument used to measure the atmospheric
pressure is called Barometer.

In 1643, an Italian scientist named Torricelli invented the
first barometer, it was a mercury barometer.

Aneroid barometer and Fortein’s barometer are other
instruments used to measure the atmospheric pressure.

PASCAL’S LAW

» The pressure applied to an enclosed liquid gets
transmitted equally to every part of the liquid.

» This property was first demonstrated by Pascal and is
called Pascal's Law.

» Hydraulic devices, like earth excavators (JCB) and car
brakes work on the above principle.

FRICTION *

» Friction is the force created whenever two surfaces move
or try to move over each other.

» Friction is the force that resists the sliding or rolling
motion between two surfaces in contact, acting in the
direction opposite to the relative motion.

» Mass is a measure of inertia, or an object's resistance to
changes in its state of motion, and it does not oppose
motion itself.

» Velocity is the rate of change of an object's position, not
a force.

» Time is a fundamental quantity and is not a force.
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v Kinetic friction — Objects are in motion.
v Rolling friction — Least friction.

v Friction between the liquid layers — Viscosity.

Pressure is high: *

» Pressure doesn't directly affect the ease of walking on ice.

Friction is high: *

» High friction would actually make it easier to walk on ice,
as there would be more resistance to slipping.

Pressure is low: *

» While pressure might play a minor role in some ice-
related phenomena, low pressure is not the primary
reason for the difficulty in walking on ice.

Friction is low: *

» When you try to walk on ice, the low friction between your
shoes and the ice surface doesn't provide enough grip,

causing you to slip and slide.

Factors affecting friction

» The force of friction depends on two main factors.
1. Mass of the body
2. Nature of the surfaces in contact

Friction is necessary

1. We are able to walk or run properly on the floor because
of friction. If there is less or no friction we will slip and fall
down.

2. It would not be possible to light a match stick without
friction between its head and the side of the match box

3. Cars and buses are able to run on the roads because of
the friction between the wheels and the road.

4. We cannot write on paper without friction between the

tip of pen or a pencil and the paper.

Friction as an evil
1. Friction produces heat. This heart causes wear and tear of

the machinery parts.
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2. Vehicle tyres and soles of footwear wear out because of

friction.

Increasing and reducing friction

1.

It is done to provide them better grip on the floor, so that
you can move safely. This means you have increased the
friction.

2. The treaded tyres of cars, trucks and bulldozers provide

better grip with the ground.

Friction can be reduced

1.

By using suitable lubricants, friction can be reduced.eg.
Qil (for light machinery), grease (for heavy machinery).

If the rubbing surfaces are polished, they become smooth
and in turn, reduce friction between them.

By the use of wheels. By the use of ball bearings

Friction can never be completely eliminated. All surfaces
have at least some irregularities. It can be said that there

are no perfectly smooth surfaces."

Propulsion of rockets *
> Propulsion of rockets is based on the law

of conservation of linear momentum as well
as Newton's Il law of motion.

> Rockets are filled with a fuel (either liquid or
solid) in the propellant tank.

» When the rocket is fired, this fuel is burnt and a
hot gas is ejected with a high speed from the
nozzle of the rocket, producing a huge
momentum.

» To balance this momentum, an equal and

opposite reaction force is produced in the
combustion chamber, which makes the
rocket project forward.

*

Types of Inertia
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1)

2)

3)

Inertia of rest: The resistance of a body to
change its state of rest is called inertia of rest.
Inertia of motion: The resistance of a body to
change its state of motion is called inertia
of motion.

Inertia of direction: The resistance of a
body to change its direction of motion is

called inertia of direction.

Examples of Inertia *

>

An athlete runs some distance before
jumping. Because, this will help him jump
longer and higher. (Inertia of motion)

When you make a sharp turn while driving
a car, you tend to lean sideways, (Inertia of
direction).

*When you vigorously shake the branches
of a tree, some of the leaves and fruits are

detached and they fall down, (Inertia of rest).

*On a typical day at sea level, the height of the
mercury column is 760 mm. Let us calculate the
pressure due to the mercury column of 760 mm
which is equal to the atmospheric pressure.

*The density of mercury is 13600 kg m-3.
Pressure, P = hpg = (760 3 10-3m) 3 (13600 kgm-—
3) 3 98 ms-2) = 1013 3 105 Pa.
This pressure is called one atmospheric
pressure (atm).

*There is also  another unit called
(bar) that is also used to express such high
values of pressure.

*1 atm = 1.013 x 105 Pa.

*1 bar =1 x 105 Pa.

*Hence, 1 atm = 1.013 bar. Expressing the value
in kilopascal gives 101.3 k Pa. This means that, on
each 1 m? of surface, the force acting is 1.013 k
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> *Novum Organum was written by Sir Francis
Bacon.
> *The book Dialogue Concerning the Two Chief

World Systems was written by Galileo Galilei.
» *Principia Mathematica written by Isaac Newton
during 1685 and 1686.

> *When a person moves from the pole to the
equator, the centrifugal force acting on
them increases.

» *This is because centrifugal force is dependent
on the distance from the axis of rotation, and that
distance is greater at the equator than at the
poles.

IMPULSE *
» A large force

acting for a very short
interval of time is called as 'Impulsive force'.

» When a force F acts on a body for a period of
time t, then the product of force and time is
known as ‘impulse’ represented by ')’

v Impulse, J = F x t
v' F=APxt impulse of a force

» When a cricketer hits the ball by his bat, the force
exerted by the bat on the ball is Impulsive force.

» The vehicles are fitted with shock absorbers,
which is based on Impulse

» *The exact relationship between the gravitational
constant 'G' and the gravitational acceleration 'g’
is GM = gR% Where 'M' is the mass of the Earth
and 'R’ is the radius of the Earth.

Acceleration S.I unit (m/s?) *

> Velocity S.I unit (m/s)

> The Sl unit for force is the newton (N)

» The Sl unit for the moment of a couple is
the Newton-meter

> *Inertia: The resistance of an object to any

change in its state of motion. It is related to an

object's mass.
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*Moment of a force: Also known as torque, this
is the rotational effect of a force.

*Linear momentum: The product of an object's
mass and its velocity.

*When a force 'F' acts on a body for a period of
time 't then the product of force and time is
known as Impulse.

*An upward force exerted by a liquid on a
floating body is known as buoyant force, which
counteracts the downward force of gravity on the
object.

*When the pressure inside a cooker increase, it
forces the water molecules to stay together more
tightly, requiring a higher temperature to
overcome the pressure and boil.

*This higher boiling point allows the steam to
transfer heat to the food at a faster rate, resulting

in quicker cooking times.
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