CH # 10 MATTERS
MATTER:
“Anything which has some mass and occupies some volume is called matter.”
Matter exist in three states Solid, Liquid & gas.
KINETIC MOLECULAR THEORY OF MATTER:
i.
Matter is composed of tiny particles called molecules.
ii.
Molecules are constantly in motion. Their K.E depends upon temperature.
iii.
Molecules attract each other with a force which decreases as the distance
between increases.
iv.
On heating Kinetic energy of molecules increases and the force between them
decreases.
ELASTICITY:
“The property of matter through which its regain to its original size or shape as soon as
external force is removed is called elasticity.”
EXAMPLE:
 A force is applied to stretch a rubber band which regains its original state after the
removal of the force. Thus rubber band is an elastic body.
STRESS:
“The opposing force per unit area exerted by the body to resist a change in its size or shape is
called stress.”
Force
Stress =
Area
σ =

F
A

UNIT:
In S.I or M.K.S system unit of stress is N/m2.
DEFORMATION:
“There are particular substances which undergo the change in shape or size, such change is
called deformation.”
STRAIN:
“The frictional change in length, volume or shape produced by a given stress is known as
strain.”
 Strain is a ratio of two similar quantities therefore it has no unit.
LONGITUDINAL OR LINEAR STRAIN:
“The change in length of a body is called longitudinal strain.”
Longitudinal strain =

Change in length
Orignal length

If ∆L is the change in length, L is the original length then longitudinal strain ∈ is:
∈=

ELASTIC LIMIT:

∆𝐋
𝐋

“The maximum force per unit area for which the body regains its original position is called
elastic limit.”
HOOK’S LAW:
“With in elastic limit stress is directly proportional to linear strain.”
Stress 𝛼 Strain
𝑆𝑡𝑟𝑒𝑠𝑠
= 𝐶𝑜𝑛𝑠𝑡𝑎𝑛𝑡
𝑆𝑡𝑟𝑎𝑖𝑛
σ
= Constant
∈
YOUNG’S MODULUS:
“The ratio between stress to the longitudinal strain is called Young’s modulus.”
Stress
Longitudnal strain

Young’s modulus =
Y =
Y =

F
L
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Y =


σ
∈
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S.I unit of Young’s modulus is N/m2.

HOOK’S LAW FOR SPRING OR HOOK’S LAW APPLIED TO A
HELICAL SPRING:
“Tension is directly proportional to extension.”
if ‘F’ stands for tension and ‘x’ stands for extension, then:
F 𝛼 –x
F = -K x



Where ‘K’ is known as spring constant and measured in N/m.
Where –Ve sign shows that tension and extension are in opposite direction.

PRESSURE:
“Force per unit area is called pressure.”
Pressure =

UNIT:

Force
Area

P =

F
A

S.I unit of pressure is Pascal (Pa) or N/m2.
ATMOSPHERE:
The atmosphere is the blanket of air around the earth. It extends up to about 1000 km
above the surface of earth. Since air is a kind of matter, has weight. The total weight of
atmosphere corresponds to its mass of about 4.5 x 10 18 Kg.
At high altitudes like mountains is less which causes difficulties in breathing and nose
bleeding May also occurs.
ATMOSPHERIC PRESSURE:
“The pressure exerted by the weight of the atmosphere on the surface is called atmospheric
pressure.”
DEMONSTRATIONS OF ATMOSPHERIC
PRESSURE:
1. Collapsing Can experiment:
The effect of atmospheric
pressure can be demonstrated
by evacuating a tin using a
vacuum pump.
Before the air is pumped out the
pressure inside the tin is equal to
the atmospheric pressure.
When air is partially remove
from the tin by the vacuum
pump the pressure of air inside
the tin is less than the
atmospheric pressure.
Hence collapsing of tin is due to
atmospheric pressure.
2. Magdeburg Hemisphere
Experiment:
Introduction:
Existing of atmospheric pressure
was first demonstrated by a
German scientist Von Guericke. His
experiment historically is known as
Magdeburg hemisphere
experiment because it was
performed first in the city of
Magdeburg in Germany.
Procedure:
 He took two hollow metallic
hemispheres.
 The hemispheres were placed in contact.
 The air inside the hemisphere was pumped out by a vacuum pump.
 After the partial removal of the air from inside the hemisphere it was almost
impossible to separate them by pulling them apart. It is due to act that the
pressure exerted by the atmosphere on the outer walls of the hemispheres is
much greater than the pressure exerted by the air left inside the hemisphere.



In experiment with perfect vacuum inside the hemisphere, even sixteen horses
(Eight on each side) could not separate the hemisphere.

BAROMETER:
“The device used to measure the atmospheric pressure is called barometer.”



At sea level its value is about 105 Pa.
The standard pressure is sometime called one atmosphere (1 atm) or one bar.

PRESSURE IN LIQUID:
The pressure exerted at any point on area ‘A’ is given by:
Force
Pressure =
Area
∴Force = Weight
Pressure =

W
A

∴W = Ah𝜌g
Pressure =

Ahρg
A

P = hρg
PASCAL’S PRINCIPLE:
“When an external pressure applied is applied on a stationary
liquid then the liquid transmits undiminished equally in all
direction and acts perpendicular to the walls of the container.”
APPLICATIONS OF PASCAL’S PRINCIPLE:
 Hydraulic brake system.
 Hydraulic lift.
 Hydraulic Press.
HYDRAULIC BRAKE SYSTEM:
CONSTRUCTION:
It consists of a master cylinder provided with an oil tight piston which is connected to the
brake paddle. Each wheel of the car is provided with a smaller cylinder with an oil tight
piston in it. These cylinders are connected through tubes to the master cylinder. Suitable oil
(Brake oil) filled in this tube.

WORKING:
When brake paddle is pressed excess pressure in this master cylinder is transmitted equally
to all the cylinders in which piston moves outward thus pressing the brake shoe against the
inner surface of the wheel a large friction force is setup which tends to stop the wheel. As
soon as the paddle is released spring brings the brake shoe brake to its original position.

HYDRAULIC LIFT:
In a hydraulic lift a platform is attached to an oil
tight piston which moves in a wide cylinder. This
cylinder is connected to a smaller cylinder which is
also provided with an oil tight piston. A suitable
incompressible liquid is filled in the two cylinders
external pressure is applied on the smaller piston
which is transmitted into equally, due to which the
platform lift heavy object lying on it.

HYDRAULIC PRESS:
Hydraulic press is a similar to the hydraulic lift except
in a hydraulic press a rigid roof is provided above the
platform. Any soft material such as cotton place on the
platform can be compress.

that

ARCHIMEDES PRINCIPLE OR LAW OF FLOTATION:
“When a body is wholly or partially immersed in a
liquid it experiences an up thrust which equal to weight of the liquid displaced.”
EXPERIMENTAL VERIFICATION OF ARCHIMEDES PRINCIPLE OR EXAMPLES:
1. Test Tube:
 Holding a test tube vertically place its close end on the surface of water and push
it down vertically in the water.
 We will feel as if some force is acting on the test tube. The deeper you push it,
the greater will be upward force acting on it.
 This upward force of water acting on the test tube is called up thrust.

2. Cork:





A piece of cork having density less than that of water needs to be held in water, if
it is to remain in it.
When released, the cork will rise to the surface and will float.
It is the up thrust (upward force) causing the cork to rise.

APPLICTION OF ARCHIMEDES PRINCIPLE:
i.
To find out the specific gravity.
ii.
To find out the Density of oil.
iii.
To find out the Density of cork.
BOUNYANCY:
“The property of a liquid by virtue of which it exert an upward force or up thrust on a body
which is wholly or partially immersed in the liquid is called buoyancy.”
BOUYANT FORCE:
“The upward force on a body which is equal to the weight of the liquid displaced by the body
is called buoyant force.”
When an object is immersed in a liquid it is acted upon by two forces:
i.
The weight of the object.
ii.
The buoyant force acting vertically upward.
MAXIMUM VALUE OF BUOYANT FORCE:
The maximum value of the buoyant force occurs when the object is completely immersed.
If the maximum value of the buoyant force is equal to the weight of the body that is,
(Fbuoy)max = W
Then the body will float in the liquid in such a way that upper surface of the object will
coincide with the surface of the liquid.


When an object is partially immersed:
If the object is partially immersed so that the existing buoyant force acting on it is
one half of its maximum value that is:
(𝑭𝒃𝒖𝒐𝒚 )𝒎𝒂𝒙
𝑭𝒃𝒖𝒐𝒚 =
= 𝑾 (𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒐𝒃𝒋𝒆𝒄𝒕)
𝟐
In this case the object will float with half of its volume under the liquid.



When an object floats with one tenth of its volume in the liquid:
If the object is so immersed that,
(𝑭𝒃𝒖𝒐𝒚 )𝒎𝒂𝒙
𝑭𝒃𝒖𝒐𝒚 =
= 𝑾 (𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒐𝒃𝒋𝒆𝒄𝒕)
𝟏𝟎
Then the object will float with one tenth of its volume within the liquid.



When an object floats having 1% of its volume in the liquid:
If the object is so immersed that,
(𝑭𝒃𝒖𝒐𝒚 )𝒎𝒂𝒙
𝑭𝒃𝒖𝒐𝒚 =
= 𝑾 (𝒘𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒐𝒃𝒋𝒆𝒄𝒕)
𝟏𝟎𝟎
Then the object will float having 1% of its volume within the liquid.

CONDITIONS FOR FLOATATION:
 If weight of a body is greater than the up thrust then the body sinks in the liquid.
 If weight of the body is less than the up thrust the body will float on the liquid.



If weight of a body is equal to the up thrust the body will float partially immersing in
the liquid.

EXAMPLES OF FLOATATION:
1. Cork:
A cork floats on the surface of water because the up thrust of water on it’s greater
than its weight.
2. Ship:
A ship is also designed that its volume is very large. Hence the buoyant force which is
equal to the weight of equal volume of water displaced by the ship is very large and
is greater than its weight. Hence the ship floats on the surface of the water in a sea.
3. Needle:
A needle is made of iron sinks in water because the buoyant force acting on it is less
than its weight. It is due to the fact the volume of a needle is very small and hence
the weight of water displaced by the needle is less than the weight of the needle.
4. Submarines:
Definition:
“Submarine can float on the surface of water and when needed they can dive into
water. They are fitted with large hollow ballast tank.”
In order to dive in water they fill the tank with water. This increases the weight of
the submarine and submerges in water.
To bring the submarine on the surface extra load due to the water in the tank is
removed. This is done by forcing compressed air into the tank which expels water
from the tank.
SURFACE TENSION:
“Surface tension is the property of a liquid by virtue of which the free surface of a liquid
behaves like a stretched-membrane tending to decrees the surface area.”
If “σ” represents the surface tension than:
𝜎=

𝐹
𝐿

Unit:
In S.I or M.K.S system unit of surface tension is N/m.
EXAMPLES OF SURFACE TENSION:
1. Steel needle:
In general a steel needle, if dropped in water, will sink because the density of steel is
greater than that of water.
However if the needle is made slightly oily and then placed on the surface of water in
a horizontal position, it will float leaving a depression of water under it.
It is the surface tension of water which supports the needle and stops from sinking.

2. Metallic Ring:

A metallic ring is dipped into a soap solution. A light moist loop of cotton thread of
any shape is gently placed over the soap film.
When the soap film within the loop is touched with a hot needle so as to break it,
the loop takes a circular shape.
Every point on the thread experiences radially outward force of equal magnitude
due to surface tension in the soap film outside the loop.
This force being due to surface tension in the plane of the soap film.
3. Drop of olive oil:
When a drop of olive oil is left gently inside mixture of spirit and water in such a way
that density of mixture being equal to that of olive oil with the help of pipette.
The olive oil drop assumes a perfect spherical shape.
Due to surface tension a liquid tends to keep its surface area minimum. For a given
volume the surface area of the sphere is minimum.
Due to the reason the rain drops are spherical in shape.
4. Water droplets falling from a tap:
Water droplets falling from a tap are spherical in shape.
It is due to surface tension that minimizes the surface of the drop similarly.
5. Molten lead:
Molten lead when allowed to fall through the end of the narrow tube. The lead
drops assume spherical shape.
FLUID FRICTION (VISCOSITY):
“The friction between different layers of any fluids like air or liquid is called fluid friction or
viscosity.”
Consider any layer lying at a distance x from the stationary surface. Let A be the area of the
layer moving with the velocity v. It is found that the backward dragging force acting on any
layers found to vary as:
F 𝛼 A
F 𝛼 V
F 𝛼 1/x
By combining above equations
F = −η

Av
x

Where η is the constant depending on the nature of the liquid and is known as the coefficient of viscosity.

COEFFICIENT OF VISCOSITY:

“The coefficient of viscosity is numerically equal to the retarding force required to maintain
velocity of 1m/s relative to stationary layer.”
UNIT OF COEFFICIENT OF VISCOSITY:
Unit of co-efficient of viscosity is POISE.
POISE:
“The coefficient of viscosity is said to be one poise if the backward dragging force required
maintaining relative velocity of 1m/s between two layers each of area 1m2 and separated by
a distance of 1m is 1N.”
CHARACTERSTICS OF VISCOUS LIQUIDS/FLUIDS:
 Viscous fluids have slow motion because viscosity which acts as a friction opposes
the motion.
 The viscosity of the liquid is usually much small as compare to the friction between
two solid surfaces.
USES OF VISCOUS LIQUIDS/FLUIDS:
 An oil of high viscosity may be used as lubricant.
 In heavy machines where there is considerable pressure on the bearing, a viscous
lubricant should be preferably used because light or thin oil is easily squeezed out.
 For light machinery like sewing machine comparatively less viscous oil may be used
as lubricant.
RATE OF VISCOSITY:
 The viscosity increases with rapid rate with the decrease of temperatures, lubricant
may fail to form a protective layer at low temperatures.
 While starting vehicle during very cold weather it is advised to run the engine for
some time to gain suitable temperature for driving.

