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ELASTICITY

Internal restoring force F,

Res

STRESS = Area of cross—section A

There are three types of stress : -

Longitudinal Stress

(a) Tensile Stress :

tensile stress

(b) Compressive stress

Compressive
Stress

Volumetric Stress

A3C-

Tangential Stress or Shear Stress
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PROPERTIES OF SOLIDS

Change insize of the body

e Strain = Original size of the body

Change inlengthof the body_&
initial length of the body L

e Longitudinal strain =

change in volume of the body _ﬂ

* Volumetric strain = original volume of the body Vv

e Shear strain

oL
an ¢ = 1
Or

¢_£_ displacement of upper face

L distance between two faces

¢ Relation between angle of twist (0) & angle of shear (¢)

AA'=r0 and Arc AA'=[¢

orr@=1lp = ¢=

where 0 = angle of twist,

¢ = angle of shear

e Stress - Strain Graph

ST G S —
strength Elastic
Elastic RCglon 2 C
Limit p

IS . .
ol N Plastic Region

Strain—>

Hook's Law

within elastic limit | Stress oc strain

Longitudinal stress  F/

e Young's modulus of elasticity Y = Longitudinal strain T AA/

e If Lis the length of wire, ris radius and / is the increase in length of the wire by suspending
a weight Mg at its one end then Young's modulus of elasticity of the material of wire

Ve (Mg / ir?) _ Mgl
(¢/L) nr’l
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PROPERTIES OF SOLIDS

. , MglL pgl’®
e Increment in length due to own weight A/= ——=
2AY 2Y
Volumetric stress F/A P
¢ Bulk modulus of elasticity K= - —= / =
Volumetric strain _AvV AV
Vv \Y

Bulk modulus of an ideal gas is process dependence
e Forisothermal process PV = constant = PdV + VdP =0

—dp

:m So bulk modulus = P

— P

e For adiabatic process PVY = constant = yPVY~1dV + V'dP =0
vy PdV +VdP =0

—dp

=>vyP =—dV/V:

So bulk modulus = yP
e For any polytropic process PV" = constant
nPv™1dV +v"dP =0

—dpP

= nPdV +VdP =0 = nP zm

So bulk modulus = nP

1 1
e Compressibility C=——=—
Bulkmodulus K

shearing stress  (Fngenial) / A

e Modulus of rigidity n = : )
shearing strain ()

lateral strain

. , . (o)=
* Poisson’s ratio Longitudinal strain

e Work done in stretching wire

Wzlxstressxstrainxvolume WzlxixA—ngxleFxAﬁ
2 2 A/ 2

Rod is rigidly fixed between walls
e Thermal Strain = aAO

e Thermal Stress = YaAO

e Thermal tension = Yol AAO

i
¢ >
ALY
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PROPERTIES OF SOLIDS D

o Effect of Temperature on elasticity

When temperature is increased, the elastic properties in general decreases i.e. elastic
constant decreases. Plasticity increases with temperature. For example, at ordinary room
temperature carbon is elastic but at high temperature carbon becomes plastic. Lead is not
much elastic at room temperature but when cooled in liquid nitrogen exhibit highly elastic
behaviour.

For a special kind of steel, elastic constants do not vary appreciably with temperature.
This steel is called INVAR steel.

e Effect of Impurity on elasticity

Y slightly increases by impurity. The inter molecular attraction force inside wire effectively
increases by impurity due to this external force can be easily opposed.
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FLUID MECHANICS

FLUID MECHANICS

HYDROSTATICS

mass

o Density = volume

. . weight
o Specific weight = =pg
volume
) ___ density of givenliquid
* Relative density density of pure water at 4°C
¢ Density of a Mixture of substance in the proportion of mass

M, +M, +M, +....+M_
¥, S 1
Pr P2 Ps Pn

The density of the mixture is p=

¢ Density of a mixture of substance in the proportion of volume

PV, +p,V, +p;Vo +..+p V.
Vi+V,+V;, +....+V,

The density of the mixture is p =

normalforce

o Pressure =
area

¢ Variation of pressure with depth

— Pressure is same at two points in the same horizontal level i.e. P, =P,

— The difference of pressure between two points separated by a depth h is
(P,—P,)=hpg

e Pressure in case of accelerating fluid.

(i) Liquid placed in elevator :

When elevator accelerates upward with acceleration a then pressure in the fluid, at depth

‘h” may be given by, P=hp[g+a]
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FLUID MECHANICS

(ii) Free surface of liquid in case of horizontal acceleration :

(
ma, ag

— —_— \
tan g=—==-"21 hl\h,\\?\
mg g : 5 a,

If P,and P, are pressures at
point 1 & 2 then
P,—P,=pg(h —h,)=pgltand = pla

(iii) Free surface of liquid in case of rotating cylinder

Pascal’s Law

e The pressure in a fluid at rest is same at all the points if gravity is ignored.

¢ A liquid exerts equal pressures in all directions.

e If the pressure in an enclosed fluid is changed at a particular point, the
change is transmitted to every point of the fluid and to the walls of the
container without being diminished in magnitude. (for ideal fluids)

Types of Pressure:

Pressure is of three types

(i) Atmospheric pressure (P,)

(ii) Gauge pressure (Pgauge)

(iii) Absolute pressure (P_, )

e Atmospheric pressure : Force exerted by
air column on unit cross-section area of sea level called atmospheric pressure (P )

up to top of
atmosphere

arca = 1m’
sea 3
level

S Nive

A
A —

P, :%:101.3kN/m2

- P =1.013 x 10° N/m?

Barometer is used to measure atmospheric pressure.
Which was discovered by Torricelli.

Atmospheric pressure varies from place to place and at a
particular place from time to time.
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FLUID MECHANICS

e Gauge Pressure :

:::::

manometer

L = 1
Excess Pressure (P—P__) measured with the help of pressure measuring instrument called

Gauge pressure. Pgauge =hpgor P och

gauge

Gauge pressure is always measured with help of “manometer”

e Absolute Pressure :

Sum of atmospheric and Gauge pressure is called absolute pressure.
Pabs: Patm + P = Pabs = Po + hpg

gauge

The pressure which we measure in our automobile tyres is gauge pressure.

¢ Buoyant force = Weight of displaced fluid = Vpg
e Apparent weight = Weight — Upthrust

e Rotatory — Equilibrium in Floatation :
For rotational equilibrium of floating body the meta-centre must always be higher than
the centre of gravity of the body.

e Relative density of body — Densityofbody

Densityof water

HYDRODYNAMICS
e Steady and Unsteady Flow

Steady flow is defined as that type of flow in which the fluid characteristics like velocity,

pressure and density at a point do not change with time.
e Streamline Flow

In steady flow all the particles passing through a given point follow the same path and
hence a unique line of flow. This line or path is called a streamline.

e Laminar and Turbulent Flow

Laminar flow is the flow in which the fluid particles move along well-defined streamlines
which are straight and parallel.
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FLUID MECHANICS D

e Compressible and Incompressible Flow

In compressible flow the density of fluid varies from point to point i.e. the density is not
constant for the fluid whereas in incompressible flow the density of the fluid remains

constant throughout. Liquids are generally incompressible while gases are compressible.
¢ Rotational and Irrotational Flow

Rotational flow is the flow in which the fluid particles while flowing along path-lines also

rotate about their own axis. In irrotational flow particles do not rotate about their axis.

e Equation of continuity A v, = A v, Based on conservation of mass

e Bernoulli's theorem :
Based on energy conservation

/ Ay v,
B

1
P+Epv2 + pgh=constant %» 2

(a) Kinetic Energy

o ) lm , 1 ,
kinetic energy per unit volume :EVV ZEPV

(b) Potential Energy

. . m
Potential energy per unit volume = Vgh =pgh

(c) Pressure Energy

pressure energy

Pressure energy per unit volume = =P
volume

¢ For horizontal flow in venturimeter

1, 1, 2gh

—pVi=P,+=pv- =>vVv, =A, [———
P1+2p1 2 Zp 1 2 Ai—A;
¢ Rate of flow

Volume of water flowing per second

2gh
AL-A

Q= A1V1 = AlAZ

e Velocity of efflux v = ,/2gh
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FLUID MECHANICS

e Horizontal range

SURFACE TENSION

Surface tension is basically a property of liquid. The liquid surface behaves like a stretched
elastic membrane which has a natural tendency to contract and tends to have a minimum
surfce area. This property of liquid is called surface tension.

Intermolecular forces

(a) Cohesive force

The force acting between the molecules of one type of molecules of same substance is
called cohesive force.

(b) Adhesive force

The force acting between different types of molecules or molecules of different substance
is called adhesive force.

eIntermolecular forces are different from the gravitational forces and do not obey the
inverse-square law

eThe distance upto which these forces effective, is called molecular range. This distance is
nearly 107 m. Within this limit, this increases very rapidly as the distance decreases.

eMolecular range depends on the natrue of the substance.
Properties of surface tension

e Surface tension is a scalar quantity.

e It acts tangential to liquid surface.

e Surface tension is always produced due to cohesive force.
e More is the cohesive force, more is the surface tension.

e When surface area of liquid is increased, molecules from the interior of the liquid rise to
the surface. For this work is done against the downward cohesive force.

Dependency of surface tension

e On Cohesive force : Those factors which increase the cohesive force between molecules
increases the surface tension and those which decrease the cohesive force between
molecules decreases the surface tension.
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e On Impurities : If the impurity is completely soluble then on mixing it in the liquid, its
surface tension increases. e.g., on dissolving ionic salts in small quantities in a liquid, its
surface tension increases. If the impurity is partially soluble in a liquid then its surface
tension decreases because adhesive force between insoluble impurity molecules and liquid
molecules decreases cohesive force effectively, e.g.

(a) On mixing detergent in water its surface tension decreases.
(b) Surface tension of water is more than (alcohol + water) mixture.
e On Temperature

On increasing temperature surface tension decreases. At critical temperature and boiling
point it becomes zero.

Note: Surface tension of water is maximum at 4°C

e On Contamination

The dust particles or lubricating materials on the liquid surface decreases its surface tension.
¢ On Electrification

The surface tension of a liquid decreases due to electrification because a force starts acting
due to it in the outward direction normal to the free surface of liquid.

Definition of surface tension

The force acting per unit length of an imaginary line drawn on the free liquid surface at
right angles to the line and in the plane of liquid surface, is defined as surface tension.

e For floating needle 2T/ sin® = mg

Required excess force for lift

e Wire F_ = 2T/ e Hollow disc F_ = 2nT (r1 + rz)
e Forring F_ =4nrT e Circular disc F_ =27rT
e Square frame F_ = 8aT e Square plate F_ =4aT

e Work = surface energy = TAA
e Liquid drop W =4 7tr’T e Soap bubble W = 8nr?T

Splitting of bigger drop into smaller droplets
R=n*r

Work done = Change in surface energy =

r
Excess pressure

Pex = Pin - Pou

4nR3T(1 —%} =47R*T(n"? - 1)

t

4T
e In liquid drop P, :% e Insoap bubble P, :?
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FLUID MECHANICS QD

ANGLE OF CONTACT (Oc)

The angle enclosed between the tangent plane at the liquid surface and the tangent plane
at the solid surface at the point of contact inside the liquid is defined as the angle of
contact.

The angle of contact depends on the nature of the solid and liquid in contact.

e Angle of contact 0 < 90° = concave shape ; Liquid rise up

Angle of contact 6 > 90° = convex shape ; Liquid falls

Angle of contact 6 = 90° = plane shape Liquid neither rise nor falls

o Effect of Temperature on angle of contact :

On increasing temperature surface tension decreases,

1
thus cos0_increases [ cos 6, OC?} and 0_ decrease.

So on increasing temperature, Gc decreases.

o Effect of Impurities on angle of contact

(a) Solute impurities increases surface tension, so cosd_decreases and angle of contact 0,
increases.

(b) Partially solute impurities decreases surface tension, so angle of contact 0_decreases.
o Effect of Water Proofing Agent

Angle of contact increases due to water proofing agent. It get converted acute to obtuse

angle.
| A 2Tcos6
e Capillary rise =
Pty rpg
. 1 . rg
e Zurin's law h oc " eJeager's method T =?(Hp-hd)

eThe height 'h' is measured from the bottom of the meniscus. However, there exist some
liguid above this line also. If correction of this is applied then the formula will be T =

1
rogl h+=r
pg[ 3}
2cos0

e When two soap bubbles are in contact then

rr
- —_12

Radius of curvature of the common surface "=~ (r,>1,)
1 2

e When two soap bubbles are combining to form a new bubble then radius of new bubble

2 2

+r

r=4r +r,

1

e Force required to separate two plates F=—n
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FLUID MECHANICS

VISCOSITY

Av,
« Newton's law of viscosity F =NA A

. Nxs .
Sl Units : 2 or deca poise

CGS Units : dyne-s/cm? or poise (1 decapoise = 10 poise)

Dependency of viscosity of fluids :
* On Temperature of Fluid

(a) Since cohesive forces decrease with increase in temperature as increase in k.E..
Therefore with the rise in temperature, the viscosity of liquids decreases.

(b) The viscosity of gases is the result of diffusion of gas molecules from one moving layer
to other moving layer. Now with increases in temperature , the rate of diffusion increases.
So, the viscosity also increases. Thus, the viscosity of gases increases with the rise of
temperature.

* On Pressure of Fluid
(a) The viscocity of liquids increases with the increase of pressure

(b) The viscocity of gases is practically independent of pressure

tseuille's f | _dv_ mpr’
Poiseuille's formula dt sl
* Viscous force F, =6mnrv
2r’(p—o)g
* Terminal velocity v, = EPT = v, ocr’
pvd
* Reynolds number R. :T
R, <1000 laminar flow R, > 2000 turbulent flow
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