3.MECHANICS AND PROPERTIES OF MATTER
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Motion of freely falling bodies and projectile motion -

Freely falling bodies

>

When an object falls towards the earth under gravity in
the absence of air resistance, it is called a freely falling
body.

All objects in free fall near the earth have the same
acceleration called the acceleration due to gravity (g).

The gravitational force acting on an object of mass (m)
near the earth is its weight

W = mg.

The acceleration of an object in free fall is independent
of its mass.

As air resistance normally acts on a falling body and
opposes its motion, the object falls at a slower rate than

in free fall.

» The terminal velocity is about 200 km/hr for a skydiver

with an unopened parachute.

Projectile motion

>
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Any object which follows a path determined by the
gravitational force and air resistance when an initial
velocity is given, is called a projectile.

A bullet shot from a rifle,

a rocket after its fuel is exhausted,

a javelin thrown by an athelate and

a thrown cricketball are examples of projectile.

The path followed by a projectile is called its trajectory.

EQUATIONS OF MOTION
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Equation for velocity at a time
v=u+at..... ()

Equation for displacement

s =ut +Yat% .. .. (N
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» For the body thrown upwards, equations can be obtained

Equation for velocity at a position
v = u? + 2as....(>IN)

by substitutinga = -gands =h

we get,

1.v=u-gt

2.h= ut-% gt

3.v¢ = u?2-2gh

when a body allowed to fall freely, u=o,a=gands=h

v =gt
h= % gt?,
v2= 2gh

v2 = u? + 2as......(Il

Maximum height attained (h)

>

Let a body be projected vertically upwards with an initial

velocity u.

As it moves upwards its acceleration is taken as -g

As the body goes up its velocity decreases and finally

becomes zero (v = 0) when it reaches maximum height.
Now the equation (3) becomes

-7 =-2gh

h= 25 4)

Hence the maximum height attained by a body is directly

proportional to the square of its initial velocity.

It is an interesting fact that the time of ascent is equal to

the time of descent in the case of bodies moving under

gravity.

Horizontal projection

» A horizontally thrown ball and a bullet fired from a rifle

held horizontally are the projectiles in the horizontal

direction.

For this type of projection there is an initial velocity u

only in the horizontal or x-direction.

But there is no initial velocity in the vertical or y-

direction.

Let us consider a body A which is allowed to fall freely

and another body B projected horizontally with a

velocity u from the same height and at the same time.
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Projection at an angle (Oblique projection)

» A stone released from a moving train behaves like the
horizontal projectile B As the path of B is a parabola, a
stone released from a moving train also follows a
parabolic path.

» The projection angle is 45° for maximum range. This is a
consideration in several sports events such as shot-put,
javelin and golf where maximum ranges are desired.

Circular motion

> When a particle moves in a circle with a constant speed
then the motion is known as uniform circular motion. v =
rw

Centripetal force

» Swing a stone tied to a string and observe that the stone

follows a circular path.

» Let the string slip through your fingers and observe that
the stone no longer follows a circular path but flies off in
the direction of the instantaneous velocity.

» This direction is tangential to the circular path.

» From this activity we understand that a force acting on
the stone pulls it towards the centre of the circle. This
force is called the

» Let us consider an object of mass m, moving along a
circular path of radius r, with an angular velocity wand
linear velocity v.

v F=mv¥/r
v F=mrw? (Vv =row)
» *When a cyclist turns on a circular track, a centripetal

force is required to keep them moving along the curved
path and prevent them from continuing in a straight line
due to inertia. This force must be directed towards the

center of the turn.
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CENTRIFUGAL FORCE.

» *The force, which is equal in magnitude but opposite in

direction to the centripetal force, is known as centrifugal
force.

» We feel a force pushing us outward or away from the
centre of curvature when we travel in a fast moving car
rounding a sharp curve or in a rotating ride in an
amusement park.

» This force is known as centrifugal force. It acts in the
opposite direction to that of centripetal force.
» The centrifugal force is also given by

v F:"“’2

r

» *When earth rotates about its own axis, the velocity of
bodies near the equator is more than that at the poles.

» *On earth the centrifugal force is minimum at the poles
and maximum at the equator.

» *As a person moves from the pole to the equator, the
centrifugal force acting on him increases.

» *Explanation: Centrifugal force depends on the radius of
rotation, Varying radius with latitude, Maximum force at
the equator

» This is the reason why the poles of the earth are found to
be nearly flat and the diameters of earth along the
equator and poles are different by 48 km.

Applications of centrifugal force
» *The principle of centrifugal force is applied to the

machines called centrifuges.

» *They are used to separate materials of different weights

or densities by spinning action.
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*The spinning drum in a washing machine to separate
water from clothes is a centrifuge.

*Centrifuges are used in separating blood cells from
plasma and cream from milk in dairy separators.

*Ultra centrifuges with speeds of the order of 5 x 105 rpm
are used to concentrate viruses in solution.

*blood samples are centrifuged, the red cells reach the
bottom and lighter white cells go to the top of the tube.
*Sugar crystals are separated from molasses with the help
of a centrifuge.

*Honey is also separated from beeswax with the help of
a centrifuge.

If a vehicle moves at very high speed over a curved path,
. my? .
the centrifugal force Tmakes it topple.

This is because the centrifugal force overcomes the
frictional force between the road and the tyres of the
vehicle.

To prevent this, the curved tracks are always banked. It
means that the outer edge of the road is slightly elevated
at an angle 6

This angle of elevation is given by where g is the
acceleration due to gravity.

Due to banking of curves the centrifugal force balances
with frictional force and equilibrium is reached.

Thus toppling of vehicles is prevented on curved roads.
This is known as banking of tracks. The racing track is

designed like a concave disc for the same reason.
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» Watt governor: makes use of the centrifugal force for
regulating the speed of an engine or machine.

» cage of death. In this event, a motor cyclist drives a
motor cycle at a high speed on the inner walls of a
spherical cage of iron. The centrifugal force keeps the
motor cyclist glued to his seat while driving his motor
cycle inside the cage.

Surface Tension
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Surface tension of a liquid is defined as the tangential
force per unit length acting at right angles on an

imaginary line drawn on the surface of the liquid.
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Explanation of surface tension on the basis of molecular
theory:

» A sphere drawn with the molecule as centre and radius
equal to the molecular range is called the sphere of
molecular influence.

» The molecular forces are effective within this sphere of
molecular influence.

» Therefore all the molecules lying within this sphere of on
the molecule at the centre. These molecular forces are
responsible for surface tension.

» Laplace gave an explanation of the surface tension on the
basis of molecular theory.

Surface Tension Examples

1. A tumbler is filled to the brim with water. Some nails
are put inside the water so that water is displaced
upwards. A few more nails are added carefully. It is found
that water surface rises well above the edge of the
tumbler but water does not overflow. This is because the

water surface stretches as water is displaced upwards.
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If a brush is dipped in water its bristles spread out. If it is
taken out the bristles come closer and cling together.

The above three activities show that the surface of a liquid
acts like a stretched membrane and surface tension

always tends to minimise the surface area of a liquid.

Capillary rise

>

A glass tube with a very fine uniform bore is called a
capillary tube

When a capillary tube is dipped vertically into a liquid
contained in beaker, the liquid immediately rises or falls
in the tube. The rise or fall of a liquid in a very narrow
capillary tube is given by
_ 2Tcos@
" rpg
where T is the surface tension of the given liquid.
ris the radius of the capillary tube
p is the density of the liquid
g is acceleration due to gravity
This phenomenon of rise or fall of liquid in a capillary

tube is called capillarity and this capillarity is due to the
property of surface tension of liquids.

Examples of capillary action

1.

The rise of sap in trees and plants.

The rise of kerosene or oil in the wick of an oil lamp or
stove

The absorption of ink in a blotting paper.

Sandy soil is drier than clay : The interspaces between the
particles of the clay form finer capillaries and water rises

to the surface quickly.

Applications of Surface Tension

>
>

Capillary rise is responsible for rising of water in plants.

In an oil lamp or stove the oil rises up the wick due to
capillarity.

The purpose of applying soap to clothes is to spread it

over large area. When soap is dissolved in water the
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surface tension of water is lowered. Surface tension
always opposes the spreading of a liquid. By reducing
surface tension we facilitate the liquid to spread over
larger surfaces. This is why soap is used for washing. For
the same reason.

» The paste spreads more freely in the mouth and
facilitates cleaning of the mouth.

» When we pour oil on the surface of water it lowers the
surface tension of water. Hence the mosquito breed sinks
down and perishes.

» Invoyage at the high seas, when there are violent waves
the sailors pour tins of oil around their boats or ships.
Due to oil the surface tension of sea water is reduced
thereby the height of water waves is also reduced.

» Alis split at the tip to provide the narrow capillary and the
ink is drawn upto the tip continuously.

» When molten lead is allowed to fall through the end of a
narrow tube, lead drops assume spherical shape due to
surface tension. In factories lead shots are manufactured
in this way.

» Rain drops assume spherical shape due to surface
tension of water.

Viscosity

» Take three beakers one containing water, the other honey
and the third glycerine. When all are poured in a funnel

water immediately starts flowing while honey and

glycerine take more time to flow down.

Y

This shows that glycerine is more viscous than honey
and honey is more viscous than water.

» Aless viscous liquid is more mobile.
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» If we move our fingers through any liquid we experience
a resistance. This shows that the liquid offers a frictional
force.

» The resistance offered by fluids (liquids and gases) to
relative motion between its different layers is called
viscos force.

This property is called viscosity.
The viscous forces are similar to frictional forces which
resist relative motion between two bodies in contact.

» Take two long cylinders, one filled with water while the
other filled with glycerine.

» Take two identical lead shots and drop one in water and
the other in glycerine at the same time.

» Observe that the lead shot dropped in water comes
down more quickly and the leadshot in glycerine
descends slowly.

» This activity shows that the viscous force is more in the
case of glycerine than that in the case of water.

Flow of liquid through a pipe

» Let us consider a liquid flowing through a pipe. There are
two types of flow namely (1) streamlined flow and (2)
tubulent flow.

» Ifall the particles of the liquid pass across a point with the
same velocity, the flow is said to be stream lined.

» In this flow, a particle follows the same path throughout
its motion.

» Ifthe particles pass across a point with different velocities,
the flow is turbulent. In this flow, a particle does not
follow the same path throughout its motion.

Y

When a liquid flows slowly and steadily through a pipe,
the velocity of the layer of the liquid in contact with the
walls of the pipe is zero.

Y

As we move towards the axis of the tube, the velocity of
the layers gradually increases and reaches a maximum
value along the axis of the tube.

Y

In the case of streamlined flow of a river, the velocity is
maximum for water on the upper layer (surface) of
river. The velocity is minimum for water in the bottom
most layer.

VIJAYAKUMAR
P IAS ACADEMY

UTE FOR YOUR SUCCESS

> UM QUmBeTserfler QeucuGeum LiL6unkisEnHs &
@eLCUW 2 (BaMGL FIiL QUEHEESHMEG LTI
QUITIHETSHET gHLMSSID Sl LITGBlenev allens
eTeoTL LD .

> UMW Qum@peTsefledr @UILIesTL]  LIMEGBleney
eTeoTLILI(H)LD.

> Q6TaMRWTETM QSTHI @@ QUIT-(H6THEHSH S
@QemLGWWTerr &ML Q@QUWEHESHSMS dHTHGLID
o2 gruile] elenFamuwll GCUTETMGS LIMEGHlemeu
allens .

> el Be  LHmTETMe  HeflaF-flayid
BlrliudulL @revor(  HevoTL S TEvoTeuorimLy.
2 ([HEOETHMET T(hH S8 QHT6TH.

> @Ueoi(h @65 FFus G e (hserley eetenm Hifleuid,
HemTaTenm Hefl-aifleaflauid, @Cr GBIHHev
Seuarnms @) .

> Brfley, FwEGeoTh WGHS GCalssS-L sl
FeflFiflefley QUGIUTHa D  SLHMHIGeUenS WD
& TEUOTEVITLD .

> @&0Fwe Heg el Heflaflefley LIMGHlem6v
aflems  Wes SHETE 2 6T6TE  TaTLMSE
STLOBmSI.

GLml autiCWw Hyeusd Heir L L LD

> e@m Gwrl aPflCw Hrald UTUISTHS
&MBICaIMD) eaumnler 1) aufldF&F el LLd, (2)
Q&MHHeTIL L LD eear @Uealamnd SHiyel
6L L_Mhl&6IT 2_6IT6IT6oT .

> GmiuiL LyeiTerflusl eor aulGw LI
FNTUSTHVIGTET T6VVTSH SHIHEHLD RCT 66U 60T
FFCaSHSFH IMDH-HMTL J6UalmsS Hyel
@l LD auflFET el L LD eTeoTLILI(HILD .

> @86 HraugHer QUEHSLD PLel-Baib Sres
SI56T 2CT LIMTems Uil6y @ WBIE .

> @&me Wwmors GOIUULL yeteflulléy Hreus
BIGETHET GeUalGam FF-CaussHe) &L [HST6L
6Ialemnss U LI Q&ThHSEerllil] el LD 6rerll-
LIILD.

> &pmuller aflGWSH yallh QLOGIaITSH-6)LD,
Frrse|d UTUMSTEHS &HMHSI-Calmbd GLomuller
FOUTHM6T QST -(H& Q&M (HEH G Hyel Q)
FenFCaisld  &HPWME  Iemnub 6TerGel
@55 76 b WG Hlemevuley G HEHGSLD .

> GLRMUl FFemerT CHTEHERE QF66E QlF66 Hyeal
g Serflesr T 60 & G685l 56T LI LILIG UIITES
5G5s8 GLTuiar 985H6 HrasHer Calsh
QU@L WH LI QUNRMSI .

> aupmibfler auflF€y el sSHar CUTal <iger
Gumurliiev Fems-Calsh QUBHLOLDTE

63A, THIRUVALLUVAR STREET, THIRUMANGALAM, ANNA NAGAR WEST, CHENNAI-40 Page 9
CONTACT : 9360533992 | 7708473992



» When two parallel layers of a liquid are moving with

different velocities, they experience tangential forces

which tend to retard the faster layer and accelerate the
slower layer. These forces are (F) called viscous forces.
» Newton found that the viscous force

is directly
proportional to the common area (A) of the liquid layers
in contact.

» directly proportional to their relative velocity 2
F=A&v)

x

» where h is a constant known as coefficient of viscosity of

the liquid and (le;mis called the velocity gradient.

> The unit of coefficient of viscosity isN s m2 or Poise.
The values of coefficient of viscosity are different for
different liquids.

Coefficient of viscosity of some fluids
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force offered by air. Hence the rain drops falls slowly.

» The viscosity of sea water makes the waves subside
during a storm.

» The motion of objects in fluids depends upon the
viscosity of the fluids. The viscous force of water or air
opposes the motion of ships, cars, aeroplane etc,
Hence their shapes are streamlined in order to minimise

the viscous drag on them.
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» Friction reduces the efficiency of a machine by
converting mechanical energy into heat energy and
causes much wear and tear of the moving parts.

» Friction is reduced by using lubricants.

» Alubricant is a substance used to reduce friction.

» The lubricant forms a thin layer between the two surfaces
in contact.

» It also fills the depressions present in the surfaces of
contact and reduces friction considerably.

» In light machinery, thin oils (e.g. clock oil) with low
viscosity are used.

» In heavy and fast moving machinery solids or thick highly
viscous oils (e.g., grease) are used.

» By adding long chain polymers with lubricating oil, its
coefficient of viscosity is kept constant even at high

temperatures.

A good lubricant should have the following properties.
» It should be able to spread and fill up the minute
depressions in the surfaces.

» It should be chemically inert and should not undergo any
decomposition at high temperature.

» It should be capable of conducting away the heat
produced by friction.

» If the arteries and veins of human body contract and

become hard, their diameters decrease
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» Hence the flow of blood is affected due to the viscosity of
blood and the blood pressure increases. This affects the
functioning of heart.

» When the temperature of human body increases during
fever, the coefficient of viscosity of blood decreases.

» This increases the blood circulation and the normal heart
functioning is maintained.

Bernoulli’s Theorem

» The sum of the energies possessed by a flowing, non-
viscous, incompressible liquid at any point throughout its
flow is constant when the flow is streamlined. This is
called Bernoulli's theorem.

» Pressure energy + Kinetic energy + potential energy = a
constant.

»  For unit mass of a liquid flowing

g + %vz + gh = constant

» This is called Bernoulli's equation. In the case of a
horizontal pipe A is constant,

= constant.

Nl“N

z o+

» The above equation shows that when the velocity of the
fluid increases, the pressure of the fluid decreases and
vice versa.

Demonstration of Bernoulli’'s Principle

Magic ball:

» A small ping pong ball is placed in a vertically upward
stream of liquid. It is observed that the ball rises to a
certain height above the nozzle and stays there against
gravity. The ball continues to spin.

» The velocity of the liquid along the axis of the nozzle is

high and hence the pressure is low. As the atmospheric
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pressure is greater than this pressure, it pushes the ball
against the stream without falling down.

A monometer is a U-tube containing a liquid. When both
arms of a manometer are open to the atmosphere, the
liquid level is the same in both arms. When air is blown
over one end of the manometer tube the pressure of air

decreases and liquid level rises in that arm of the tube.

Applications of Bernoulli’s theorem

1.

Bernoulli’s principle is used in venturimeter to find the
rate of flow of a liquid.

It is used in pitot tube to find the velocity of a fluid in
motion.

It is used in a carburettor to mix air and petrol vapour in
an internal combustion engine.

Bernoulli's principle is used in an atomiser and filter pump
*The wings of an airplane are designed based
on Bernoulli's theorem.

*Wings of an aeroplane are made tapering as shown in
fig. The upper surface is made convex and the lower
surface is made concave. Due to this shape of the wing,
the air currents at the top have a large velocity than at the
bottom.

*Consequently the pressure above the surface of the wing
is less as compared to the lower surface of the wing.

*This difference of pressure is helpful in giving a vertical

lift to the plane

Effects of Bernoulli’s principle

» *Due to strong wind, storm or cyclone, the roofs are

blown off.

> *When a strong wind blows over the roof, there is

lowering of pressure on the roof.
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*As the pressure on the bottom side of the roof is higher,
roofs are easily blown off without damaging the walls of
the building.

*The blowing off of roofs during a storm is a classic
demonstration of Bernoulli's theorem principle. The
principle behind it High velocity, low pressure, Pressure
differential, Upward force.

A suction effect is experienced by a person standing
close to the platform at railway station when a fast
train passes the person.

This is because the fast moving air between the

person and train produces a decrease in pressure
and the excess air pressure on the other side pushes
the person towards the train.

*Poise is the unit of viscosity.

*Young's modulus Sl unit is the pascal (Pa) or newtons
per meter (N/m2).

*Bulk modulus Sl unit is also the pascal (Pa) or newtons
per square meter (N/m2).

*Torricelli's theorem: Torricelli's theorem is a special

application of Bernoulli's theorem. It describes the
velocity of a liquid flowing out of an opening in a tank
due to gravity.

*Hooke's law: Hooke's law describes the relationship
between the force applied to an elastic material and its
resulting deformation. It applies to springs and other
elastic objects within their elastic limit.

*Pascal's law: Pascal's law deals with the transmission of
pressure in a confined, incompressible fluid at rest, such
as in a hydraulic system.

*Euler's theorem is a mathematical theorem.

*Alembert's theorem is related to "inertial force".
*Polarizers are used to reduce glare and reflections from

surfaces like water, glass, and foliage.
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*Wettability is determined by the balance of adhesive
forces (attraction between the liquid and the surface) and
cohesive forces (attraction within the liquid itself, which is
a result of surface tension). The wettability of a surface by
a liquid depends primarily on surface tension.

*Newton is a Sl unit of force.

*unit for viscous force is Poise Kgm™s™!,Nsm2
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