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1.1 ELASTICITY 

A material which remains its original shape or size while applying external force, 

i.e., external force fails to produce any deformation or relativedisplacements of the 

particles of the material, is said to be perfectly Rigid Body. 

On the other hand, when the shape or size of the body is changing under an 

applied force or load and it has the tendency  to regain its original size or shape 

when the force or load is removed, is called elasticmaterials. 

Elasticity is a branch of physics which deals with the elastic property of 

materials. Materials does not regain its original shape or size even after the removal of 

the deforming force are said to be Perfectly Plastic. 

 

1.2 STRESS ANDSTRAIN 

1. Stress 

Stress is defined as deforming force acting per unit area of thesurface. 

 

i.e.                        Unit :Nm–2 

 

Types of Stress 

i) Longitudinal (or) NormalStress 

ii) Shearing (or) TangentialStress 

iii) Volume (or) CompressiveStress 

2. Strain 

Strain is defined as the ratio of the change in dimension to  the 

originaldimension. 

 

i.e., 

 

Since strain is a ratio, it has no unit. 

Strain =
Change in dim ension

=
l 

ldimension L 
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Types of Strain 

i. LinearStrain(ChangeperunitLength) 

ii. Shearing  Strain (Change per unitArea) 

iii. Volume(or)BulkStrain(ChangeperunitVolume) 

 

 

1.3 STRESS – STRAIN DIAGRAM ANDITS USES 

The elastic behavior of a material of wire can be studied by plotting a curve 

between the stress along with y axis and the corresponding strain on the x axis. The 

curve is called Stress – Strain Curve. 

 

Let a wire be clamped at one end and loaded at the other end gradually from zero 

value until the wire breaks down. The nature of the stress-straincurve for low carbon 

steel wire is shown in Figure. 

 

A – ProportionalLimit 

A' – Elastic Limit 

B – YieldPoint 

C – Ultimate Tensile Strength 

D – BreakingStress 

 

  Stress  -  Strain Curve 

(i) The part OA of the curve is a straight line which shows that upto the point A, the 

stress is proportional to the strain i.e. Hooke’s law is obeyed. The point A is 

called the proportionallimit. 

 

(ii) In the vicinity of the point A there lies another point A' called the elastic limit. 

Upto the point A', the wire behaves as a perfectly elastic body. These two points A 

and A' are very nearer to each other and may coincide for somematerials. 

 

(iii) On increasing the load still further a point B, called yield point is usually 

S
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determined by the minimum value of stress for which the material begins to 

deform without an increase of load. The value of 

thestressattheyieldpointiscalledyieldstrengthofthatmaterial. 

 

(iv) If the wire is further loaded, a point represented by C is reached. At the point C, 

the value of the developed stress is maximum and is called the ultimate tensile 

strength (or) tensile strength of the given material. 

 

(v) The stress corresponding to the point D where the wire actually breaks down, is 

called the breakingstress. 

 

Uses of Stress – Strain Diagram 

1. It is used to estimate the elastic strength, yield strength and tensile strength of 

metals. Elastic strength is used to define the elastic limit  of amaterial. 

2. It is used to estimate the working stress and safety factor of an 

engineeringmaterial. 

3. The area under the curve in the elastic region gives the energy requiredto deform it 

elastically. The area under the curve upto Ultimate 

TensileStrength(UTS)pointgivestheenergyrequiredtodeformitplastically. 

4. Itisalsousedtoidentifytheductileandbrittlematerials. 

 

Hooke’s Law 

The maximum stress up to which a body exhibits the property of elasticity is 

called elasticlimit. 

In 1679, Robert Hooke discovered a simple relation between stress and strain. 

According to this law, within elastic limit, the stress developed in the body is 

directly proportional to strain producedin it. i.e., the ratio of the stress to the 

strain is aconstant. 

Stress αStrain  

𝑠𝑡𝑟𝑒𝑠𝑠

𝑠𝑡𝑟𝑎𝑖𝑛
= 𝐸 

The unit isNm–2 

 

This constant  E  is  called  the modulus  ofelasticity. 

There are three types of elasticity 

1. Young’s modulus 

2. Bulk modulus 



 

3. Rigidity modulus 

 

 

1. Young’s Modulus(Y) 

It is defined as, within the elastic limit, the ratio of the linear stress to the linear 

strain is calledthe Young’s Modulus.ie., 

 

Unit:Nm–2 

 

2. Bulk Modulus‘K’ 

The bulk modulus ‘K’ is defined as the  ratio  between  the 

bulkstresstothebulkstrainwithintheelasticlimit.ie., 

 

Unit:Nm–2 

 

 

3. Rigidity Modulus () 

The rigidity modulus  is defined as the ratio between the shearing stressto 

theangle ofshear (or)shearing strain.ie., 

 

Unit:Nm–2 

 

 

Properties of Modulus ofElasticity 

1. All solids have three modulii of elasticity and fluids (gases and liquids) have only 

bulk modulus ofelasticity. 

2. By the Young’s modulus and bulk modulus of a material, the material undergoes 

change in size (or) volume due to the applied force and there 

isnochangeinshapeofthematerial. 

5. But by the rigidity modulus the material undergoes change in shape only due to 

the applied force and there is no change in size or volume of thematerial. 

 

1.4 BENDING OFBEAMS 

Rigiditymodulus''=
ShearingStress

 
Shearing Strain 

Bulk Modulus K = 
Bulkstress

 
Bulk strain 

YoungsModulusy=
Linearstress

 
Linear strain 



 

A beam is defined as a rod or bar of uniform cross-section (circular or 

rectangular) whose length is very much greater than its thickness. It is used in the 

construction of bridges to support roofs of the buildings etc. 

Basic assumptions involved in theory of bending: 

1. Thecross-sectionofthebeamremainsunalteredduringbending. 

2. Theshearingstressesoveranysectionarenegligiblysmall. 

3. The radius of curvature of the beam is large when compared with itsthickness. 

4. The Young’s modulus of the beam is not changed during bending. Thus 

wearegoingtoseethesimpleandpurebendingonly. 

1.5 BENDINGMOMENT 

The moment of the internal restoring couple is called bending moment of 

the beam. 

In the bent beam, let EF be the neutral filament (Fig 1.4). The filament AB, shown 

above the neutral filament gets elonged and thus it is under a stretching force F. 

Similarly the filament CD, shown below the neutral filament, gets compressed and thus 

it is under a compressive force ‘F’. Thesetwo forces constitute a clockwise couple. This 

couple is called external couple or bending couple and it has a tendency to rotate the 

beam clockwise. 
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in as the beam is at rest, the moment of this couple must be balanced by an internal couple 

tending to rotate the beam anticlockwise. Thus when the filament above EF is stretched by F, an 

equal but opposite restoringforcefarisesinit.SimilarlywhenthefilamentbelowEFis compressed by F, 

an equal and opposite restoring force arises in it. These forces f and f constitute an anticlockwise 

internal couple which is called balancing couple or restoring couple which has a tendency to 

rotate the beam anticlockwise. This is true for all other filaments above and below the 
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neutralfilament. 

Thus in equilibrium, 

Moment ofBending Couple= Momentof RestoringCouple. 
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Expression for bending moment of a beam 
Let a beam ABCD having rectangular cross-section be bent in the form of an arc of a 
circle of radiusR  with  the  centre  at  O  (Fig 1.5). Consider  a  small  portion  ‘ab’ of 

  neutral axis of the beam subtending an angle at the centre O, a'b' is another small       

portion of a filament at a distance ‘z’ above the neutral filamentab. 

Beforebending,a'b'=ab.  

After bending, a'b' > ab sincea'b'is above the neutral surface. 

                                    ab = R  

When '' is small, a'b' = (R+z)  

The increase in length of small element = a'b' – ab 

 

 

 
  

Strain in a'b'  =
𝐶ℎ𝑎𝑛𝑔𝑒 𝑖𝑛 𝑙𝑒𝑛𝑔𝑡ℎ

𝑜𝑟𝑖𝑔𝑖𝑛𝑎𝑙 𝑙𝑒𝑛𝑔𝑡ℎ

 
 
 
   

 

=(R+z) -R 

                                     =
𝑧𝜃

𝑅𝜃
 =

𝑧

𝑅
 

 

Let BB'C'C be the cross-section of the beam perpendicular to plane of bending 

(Fig 1.6). The line FF' lies in the neutral surface. Let us consider an area of cross-

sectionA of a'b' at a distance ‘z’ above the neutral line 

FF' on this cross-section BB'C'C. 
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The Young’s modulus of the material is given by 

Y = 
Stress 

Strain 

 

 Stress =YStrain ...................................................... (2) 

 

Substitute (1) in (2) 

 

                                                 Stress=Y
𝑍

𝑅
 

 

Weknowthat, Stress = 
𝐹𝑜𝑟𝑐𝑒

𝐴𝑟𝑒𝑎
 

 
F = Stress × Area 

Total internal force =𝑌
𝑧

𝑅
δA 

We know that,  

Momentum = Force × Distance  

MomentofthisforceabouttheneutrallineFF'=Y
𝑍

𝑅
δz=

𝑌

𝑅
δz2 

So the total moment of the restoring couple   =  
𝑌

    𝑅
∑ 𝐴𝑧2

 

 

   =
𝑌Ig

𝑅
 

Where ∑ 𝐴𝑧2=Ig = AK2 where A is the total area of the beam and K is the radius of 

gyration. 

YOUNG’S MODULUS BY NON UNIFORMBENDING 

Non-Uniform Bending 

The beam is loaded at its midpoint, the depression produced in the beam will not 

form an arc of a circle. This type of bending is called non- uniform bending. 

Let AB represent a beam of length l, supported on two knife - edges at A and B 

and loaded with a weight W at the centre C. The reaction at each knife-edge is W/2 

acting vertically upwards. The beam bends as shownin Fig.1.9, the depression being 



   

 

 

 

maximum at the centre. The bending is non-uniform. Let CD =y. 

 

The portion DA of the beam may be consideredlas a cantilever of length l/2, 

fixed at D and bending upwards under a load W/2. Hence the elevation of A above D 

or the depression of D below A. 

We know depression of a cantilever      y=       
𝑊𝑙3

3𝑌𝐼𝑔
 

y=

𝑤

2
(

𝑙

2
)

3

3𝑌𝐼𝑔
 

then, Young’s Modulus, 

  y= wl3/48YIg 

(or) 

Ig = bd3/12 and W=Mg, 

If the beam is of rectangular cross section then 

 
 

then, Young’s Modulus,  

Experimental Determination of Youngs Modulus - Non Uniform Bending 

Description : It consists of a beam, symmetrically supported on the two knife 

edges A and B. A weight hanger is suspended at the centre (C)  of the beam my means 

or a loop (or) thread. A pin is fixed vertically at ‘C’ by some wax as shown in fig 1.10. 

In order to focus the tip of the pin a 

travellingmicroscope(M)isplacedinfrontofthisarrangement 

 

 

  

Y = 
gl3M  

4bd3    NNNNm-2 
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Procedure : Taking the weight hanger as the dead load (W) the microscope is 

adjusted and the tip of the pin is made to coincide with the horizontal cross wire. The 

reading is noted from the vertical scale of the microscope. 

The weights are added (loaded) in steps of m, 2m, 3m kilograms and the corresponding 

readings are noted from the vertical scale of the microscope. The same procedure is 

repeated while unloading and the readings are tabulated in the tabular column as shown. 

The mean depression ‘y’ is found for a load of M kg. 

 

Load 
Microscope reading for depression Mean 

depression for a 

load of M kg. 
Loading UnLoading 

Mean 

W   y1  

W + 50 gm y2 y2 – y1 

W + 100 gm y3 y3 – y2 

W + 150 gm y4 y4 – y3 

W + 200 gm y5 y5 – y4 

W + 250 gm y6 y6 – y5 

If the length of the beam ‘l’ the breadth (b) and thickness (d) of the beam are 

measured using vernier caliper and screw gauge, the youngs modulus of the beam is 

determined by relation. 

  YOUNG’S  MODULUS  BYUNIFORMBENDING  

Uniform bending: The beam is loaded uniformly on its both ends, the bend 

beam forms an arc of  a  circle. The  elevation  in  

thebeamisproduced.Thisbendingiscalleduniformbending. 

Consider a beam (or bar) AB arranged horizontally on two knife-edgesC and D 

symmetrically so that AC = BD = a (Fig 1.11). 
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  Uniform Bending 

The beam is loaded with equal weights W at the ends A and B. The reactions on 

the knife edges at C and D are equal to W acting vertically upwards. 

The external bending moment on the part AF of the beam is 

= W × AF – W × CF 

= W (AF – CF) 

= W × AC 

=  W×a ........................................... (1) 

 

Internal bending moment = 
YIg
𝑅

 

In the equilibriumposition, 

 



 

   

 

 

External bending moment = Internal bending moment 

 

Hence, Wa =
YIg
𝑅

....(2) 

Since for a given value of W, the values of a 

 Y and I are constant. So that the beam is bend 

 uniformly into an arc of a circle of radius R. 

CD=l and y is the elevation of the midpoint E of the beam 

 so that y=EF. 

Then the property of the circle, 

EF(
𝑂𝐶2

𝐸𝐹
− 𝐸𝐹)= CE2 

𝑦 (
𝑅2

𝑅

2

− 𝑦)=( 
𝑙

2
)2 

y 2 R -y2  =   
𝑙2

4
 

y 2 R   =   
𝑙2

4
(y2is negligible) 

y=
𝑙2

8𝑅
 

1/R=
8𝑦

𝑙2      ---------------------------------------------→3 

From equation 2 and equation 3 we get, 

wa=
8𝑦

𝑙2
YIg 

Y=
𝑤𝑎𝑙2

8𝑦Ig
 

If the beam is of rectangular cross-section,   Ig=   bd3  /12 ,   where b is the breadth and   

d is the thickness of beam. 
 
If M is the mass, the corresponding weight W = Mg. 

Y=   
3

2
(𝑀𝑔𝑎𝑙2

8𝑦𝑏𝑑3
) 

from which Young’s modulus of the material of the bar is determined. 

 

 



 

   

 

 

 

Experimental Determination of Youngs Modulus – Uniform Bending 

A rectangular beam (or bar) AB of uniform section is supported horizontally on 
two knife-edges K1 and K2 (Fig 1.13), at the position C and Drespectively. 

 

 

 

 

 

 

 

 

 

 

 

 Young’s Modulus - Uniform Bending 

Two weight hangers of equal masses are suspended from the ends of the beam. 

A pin is arranged vertically at the mid-point of the beam. A microscope is focussed on 

the tip of the pin. Initial reading of the microscope in the vertical scale is noted. 

Equal weights are added to both hangers simultaneously and the corresponding 

reading of the microscope in the vertical scale is noted. Now the weights on each 

hangers is increased gradually and the corresponding readings are noted. 

The experiment is repeated for decreasing order of magnitude of the equal 

masses. The observations are then tabulated and mean elevation (y) at the mid-point of 

the bar is determined. 

Load 

in kg 

Microscope reading for elevation Mean 

elevationfor 
a load of Mkg. 

      Loading   Unloading 
Mean 

W   y1  

W + 50 gm y2 y2 – y1 

W + 100 gm y3 y3 – y2 

W + 150 gm y4 y4 – y3 

W + 200 gm y5 y5 – y4 

W + 250 gm y6 y6 – y5 

 



   

 

 

 

The length of the bar between the knife edges ‘l is measured. The distance of the one 

of the weight hangers from the adjacent knife edge ‘a’  is measured. The breadth ‘b’ and 

thickness ‘d’ of the bar are measured using vernier calipers and screwgauge. 

Young’s modulus of the material of the beam is determined by the relation 

 

Y=   
3

2
(𝑀𝑔𝑎𝑙2

8𝑦𝑏𝑑3
) 

Viscosity 

The property of a fluid by virtue of which an internal frictional force acts between its different 

layers which opposes their relative motion is called viscosity. 

These internal frictional force is called viscous force. 

Viscous forces are intermolecular forces acting between the molecules of different layers of 

liquid moving with different velocities. 

 

where, (dv/dx) = rate of change of velocity with distance called velocity gradient, A = area of 

cross-section and = coefficient of viscosity. 

SI unit of η is Nsm-2 or pascal-second or decapoise. Its dimensional formula is [ML-1T-1]. 

Flow of Liquid 

1. Streamline Flow The flow of liquid in which each of its particle follows the same path as 

followed by the proceeding particles, is called streamline flow. 

2. Laminar Flow The steady flow of liquid over a horizontal surface in the form of layers 

of different velocities, is called laminar flow. 

3. Turbulent Flow The flow of liquid with a velocity greater than its critical velocity is 

disordered and called turbulent flow. 

Critical Velocity 

The critical velocity is that velocity of liquid flow, below which its flow is streamlined and 

above which it becomes turbulent. 

Critical velocity vc = (kη/rρ) 



   

 

 

 

where, 

• K = Reynold’s number, 

• η = coefficient of viscosity of liquid 

• r = radius of capillary tube and ρ = density of the liquid. 

Reynold’s Number 

Reynold’s number is a pure number and it is equal to the ratio of inertial force per unit area to the 

viscous force per unit area for flowing fluid. 

 
where, p = density of the liquid and vc = critical velocity. 

For pure water flowing in a cylindrical pipe, K is about 1000. 

When 0< K< 2000, the flow of liquid is streamlined. 

When 2000 < K < 3000, the flow of liquid is variable betw streamlined and turbulent. 

When K > 3000, the flow of liquid is turbulent. 

It has no unit and dimension. 

Poiseuille's equation 

Poiseuille investigated the steady flow of a liquid through a capillary tube. He derived an 

expression for the volume of the liquid flowing per second through the tube.Consider a liquid of 

co-efficient of viscosity η flowing, steadily through a horizontal capillary tube of length l and 

radius r. If P is the pressure difference across the ends of the tube, then the volume V of the 

liquid flowing per second through the tube depends on η, r and the pressure gradient p/l. 

(i.e) V α ηx r y (P /l)z 

V=k ηx r y (P /l)z 

where k is a constant of proportionality. Rewriting equation (1) in terms of dimensions, 

[L3T-1] = [ML-1 T-1] x [L]y[ML-1T-2 / L]z 

Equating the powers of L, M and T on both sides we get x = -1, y = 4 and z = 1 

Substituting in equation (1), 

V= kPr4/ ηl 

Experimentally k was found to be equal to π/ 8 



   

 

 

 

V = πPr4 / 8 ηl 

 This is known as Poiseuille's equation. 

Determination of coefficient of viscosity of water by Poiseuille's flow method 

A capillary tube of very fine bore is connected by means of a rubber tube to a burette kept 

vertically. The capillary tube is kept horizontal as shown in Fig.. The burette is filled with water 

and the pinch - stopper is removed. The time taken for water level to fall from A to B is noted. If 

V is the volume between the two levels A and B, then volume of liquid flowing per second is 

V/t. If l and r are the length and radius of the capillary tube respectively, then  

V/t = πPr4 / 8 ηl    --------------------------------1 

 

If ρ is the density of the liquid then the initial pressure difference between the ends of the tube is 

P1 = h1ρg and the final pressure difference P2 = h2ρg. Therefore the average pressure difference 

during the flow of water is P where 

P = (P1 + P2 ) /2  

=[(h1+h2) /2 ]ρg=hρg 

Substituting in equation (1), we get 

V/t =  πhρgr4 / 8lη 

or  

η= πhρgr4t / 8lV 



   

 

 

 

Surface Tension  

Drop weight method of determining the surface tension of a liquid 

Experiment: A short glass tube is connected to the lower tube end of a burette clamped 

vertically,by means of a rubber tube.The funnel is filled with the liquid whose surface tension is 

to be determined.A beaker is arranged under the glass tube to be collecting the liquid dropping 

from the funnel.The stop clock is adjusted so that the liquid drops are formed slowly.In a 

previously weighed beaker a known number of drops are collected. 

The beaker is again weighed. The difference between this weight and the weight of the empty 

beaker gives the weight of 50 drops of the liquid. From this the mass m of each drop is 

calculated. The inner radius r of the tube is determined using Verniercalipers. The surface 

tension of the liquid at the room temperature is calculated using the formula, 

                                                           σ = 
𝑚.𝑔

3.8𝑟
 

Theory: 

Here we consider the vertical forces that keep a small drop of a liquid in equilibrium, just before 

its get detatched from the end of the vertical glass tubeof circular aperture. At the instant the drop 

gets detatched,it assumes a cylindrical shapes at the end of the orifice of the tube.Let σ be the 

Surface tension of the liquid and r be the radius of the orifice 

Excess pressure(p) inside the drop over the outside atmospheric pressure =
𝜎

𝑟
 

The area of the section is πr2.Therfore 

Downward force on the drop due to this excess of pressure=   πr2𝜎

𝑟
 

The weight mg of the drop also actvertically downwards. 

Therefore total downward force on the drop= πr2 𝜎

𝑟  
+ mg 

this download force is balanced by the upward pull due to surface tension 2πrσ 

acting along a circle of radius .Therefore 

2πrσ = πr2 𝜎

𝑟  
+ mg (or)         2πrσ = πrσ + mg 

σ = 
𝑚.𝑔

πr
 

But the equilibrium of the drop at the instant of its detachment is dynamic and not static.Lord 

Rayleigh taking dynamical aspect into account,showed that  

           σ =   
𝑚.𝑔

      3.8𝑟
 



   

 

 

 

Interfacial Tension 

At the surface separation between two immiscible liquids there is a tension similar to surface 

tension .It is called the interfacial tension. 

Definition:When one liquid rest on another without mixing with it,the interface between the two 

liquids possesses energy just like the surface of the liquid .the interfacial liquid is the value of the 

force acting per metre normal to a line drawn on the interface. 

Experiment to determine the interfacial tension between water and kerosene 

Sufficient amount of the lighter liquid is taken in a beaker.The weight w1 of the beaker with 

kerosene is determined.The heavier liquid (water) is taken in the burette.The glass tube is fixed 

vertically with its end under the surface of kerosene. The flow of water is regulated so that drops 

of water detach themselves into kerosene one by one.After collecting 50 drops ,the beaker is 

again weighed.Let this weight be w2.then w2-w1 gives the mass of the 50 drops.from this the 

average mass m of each drop is calculated.The interfacial tension σbetween water and kerosene 

is calculated using the formula, 

σ = 
𝑚.𝑔

      3.8𝑟
(1-

    ρ2

ρ1
) 

 

 

 

S.No Mass of beaker+ 

lighter liquid 

Mean w1 kg Mass of beaker 

+lighter  

liquid+50drops 

Mean W2 kg Mass of 50 

drops=( w2- 

W1) 
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Theory: 

Let ρ2 and ρ1 be the densities of water and kerosene respectively.Let m be the mass of water drop 

in air. 

Volume of water drop=m/ ρ1 

volume of kerosene displaced by the water drop =
𝑚

ρ1
 

mass of  kerosene displaced by the water drop = 
 𝑚ρ2

ρ1
 

Apparent weight of the water drop in kerosene =mg-
 𝑚ρ2g

ρ1
 

Let σ be the S.T at the interface between the two liquids. 

Then ,    2πrσ = πr2 𝜎

𝑟  
+ mg -

 𝑚ρ2g

ρ1
 

σ = 
𝑚.𝑔

      3.8𝑟
(1 - 

    ρ2

ρ1
) 

Again the more accurate equation will be 

               σ = 
𝑚.𝑔

      3.8𝑟
(1 - 

    ρ2

ρ1
) 

----------------------------------------------------------x----------------------------------------------------- 


