ELASTICITY
EXERCISE

S.0 Introduction

Q.1. Explain the effects of applied forcc on a
rigid body.
Ans:

1. Whenabody is subjected to a set of balanced
forces then there is no motion of the body but
the force may produce | change 1n its size,
shape or both.

. Due to applied force, some bodies undergo
change in dimension easily, while some bodies
are reluctant to undergo any change in
dimension.

. Some bodies show permanent change in their
dimension after removal of applied force,
whereas some bodies preserve their original
dimension, 1.e. size, shape or both after
removal of applied force.

General explanation of elastic property
and elasticity

*(Q.2. Define and explain the concept of
elasticity. Ans: Definition:

The property by virtue of which material
bodies regain their original dimensions (sue,
shape or both) after removal of deforming
forceis called elasticity.

Explanation for concept of elasticity:

1 When a body is deformed by applying an
external force, the molecules are displaced from
their original positions of stable equilibrium.

. The intermolecular distances change and
restoring forces act on the molecules which
bring them back to their original position.

m  This leads to the phenomenon of elasticity in
material body.

*(Q.3. What are elastic and inelastic (plastic)
bodies? Give examples of each.

Ans: Elastic bodies:

A body which possesses the property of
elasticity i.e. the body which changes its
size, shape or both when a deforming force
is applied and comes to i"th original
position as y soon as deforming force is
removed is called elastic bodly.

Example: Steel wire, rubber band, sponge ball
etc.

Inelastic bodies:

Those bodies which do not regain their
original shape or size after removal of
deforming force are called inelastic bodies.
Example: Plastic, glass, dough, putty etc.

Q.4. What are perfectly elastic and perfectly
plastic bodies? OR
*Explain the term.

i.  Perfectly elastic body.

ii. Perfectly plastic body.

Ans: Perfectly elastic bodies:

i Those bodies which regain their original
shape, size or both completely after removal
of deforming force are called perfectly

elastic,bodies.

. Perfectly elastic bodies do not exist in nature,
however some bodies are considered to be
perfectly clastic. Example: Quartz, phosphor,
bronze etc.

Perfectly plastic bodies:

i.  Those bodies which completely remain
in their deformed state even after the
removal of external force are ical/ed

1. Ideal perfectly plastic bodies do not existin
nature, however some bodies are considered
to be perfectly plastic. Example: Wax, putty,
clay etc.

Note:

1. Elastic properties of materials always lie
between perfectly elastic and perfectly plastic

bodies.

2. Elastic property is more ini solid, Jess in liquid
and least in gas.

3.2 Plasticity

Q.5. What s plasticity?

Ans:

L Plasticity is the propertyof a material body
to undergo a permanent deformation eyen
after the removal of ,’ external deform ing
forces.

1. Plastic bodies do not regain their original
dimensions (size, shape or both) after removal
of deforming forces.

. Thesebodies can be deformed to a large extent
by a small deforming force.

iv.  Perfect plasticity exhibited by certain material
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*(Q.6. Distinguish between elasticity and

1s. 1ts property to undergo irreversible

deformation without any increase in load.

plasticity.
Ans:
No. Elasticity Plasticity
1. Body regains its | Body does not
original shape or | regain its original

size after removal
of external force.

shape or size after
removal of external
force.

ii.

External force
changes the
dimensions of the
body temporarily.

External force
changes the
dimensions of the
body permanently.

1il.

Internal  restoring
force is set up
inside the body.

Internal restoring
force is not set up
inside the body.

iv.

Ratio of stress and
strain remains
constant.

Ratio of stress and
strain does not
remain constant.

5.3 Deformation

Q.7. Define the following terms.
i. Deformation

ii. Deforming force

Ans:

i.  Deformation:

The change in size, shape or both of a body
due to applied external force is called
deformation.

i.  Deforming force:
The force which produces deformation in a
body is called deforming force. Deforming
force oc Deformation.

Q.8. How is deformation produced in a body?

OR

State the changes observed in deformed
state of a body.

Ans:

1 Deformation inabody is produced by applying

deforming force. It is due to change in relative
positions of the molecules within the body:.

. In deformed state, the applied force 1s
numerically equal to internal elastic restoring
force within the body:.

Direction of this force is opposite to the
direction of internal restoring force.

m.  Deformation in a body produces change in
length, change in volume, change in shape etc.

iv.  Forexample,

a. When a rubber cord or a metal wire 1s
stretched, its length increases.

b. Whenan inflated volley ball bladder is pressed
by hands, there is change in its shape and
volume.

Q.9. Define stress. State its unit and dimension.
Ans:
1.  Definition:

The internal elastic restoring force per unit
cross sectional area of a body is called stress.

OR

Stress is defined as applied force per unit
cross sectional area of a body.

Applied force

ii. Stress= .
Area of crosssection

_ Elasticrestoring force = F

Areaof crosssection A

. Unit: N/m? or Pa in SI system and dyne/cm?
in CGS system.

iv. Dimensions : [M'L"'T?]

*(Q.10. What is longitudinal stress?

Ans:

1. If deforming force produces change in
length of a body (wire, , beam etc.) the stress

associated is called longitudinal stress or
tensile stress.

1. Longitudinal stress

_ Applied forceonwire _ F Mg

A pr’

Area of crosssection

where M =mass of the wire
r =radius of cross section of wire
g =acceleration due to gravity.

m.  This stress is produced in solid wire, rod, beam
etc.

*Q.1l. What is volume stress (bulk stress)?
Ans:

1 If a deforming force produces change in
volume of a body, the stress associated with
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V.

it is called volume stress.

Thus stress can be produced in solid, liquid and
gases.

Let a gas balloon with original volume V be
compressed by additional pressure AP on all
sides.

Due to applied additional pressure AP, volume

i

of gas balloon decreases by AV. Thus new
volume of gas in  balloon

=V-DV

If original pressure is P and new pressure
applied is P+ AP then increase in pressure AP
tries to restore the body back to its original
dimensions.

DP generates an internal restoring force which
acts on the walls of the balloon.

vi.. Internal restoring force=DP x A

Applied force

\ Volumestress =
Area

Volume stress = DP

#Q.12.Though dimensions of stress and
pressure are alike/same, they are

different. Justify.

Ans: At a point within a given fluid of constant
density in hydrostatic equilibrium, the pressure
1s the same 1n all directions. Hence, pressure
1s a scalar quantity.

For a given deforming force acting on a body,
the stress can have different magnitudes in
different directions and of more than one type.
Hence, stress 1s a tensor quantity (a quantity
having different values in different directions).

Q.13 What is shearing stress ?
Ans:
L If deforming force produces change in

shape of a body, the stress associated with
itis called shearing stress. OR The restoring

force perunit area developed due fo applied
tangential force is called shearing stress
(tangential stress).
When a tangential force ‘F’ 1s applied on the
surface QRSV of a cube as shown in the figure
then position of surface changes at an angle q
without change in volume of the cube.
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In the figure,

V.

PQRSTUYV = original shape of cube
PQRS’T’U’V’ = new shape of cube in
deformed state.

F =tangential force

TT’ = SS” = UU’ = W’ = x = lateral
displacement of edge

Tangential force _ F

A

Shearing stress =
g Area

Q.14. Whatis strain ?
Ans:
L

The change in dimension per unit original
dimension of a body is called strain.

. changein dimension
Strain = ———= - -
original dimension
1. Strain 1s the ratio of two similar physical
quantities, hence it has no unitand dimension.
. Also the ratio of change in length to the original

length has a definite numeric value. Hence,
strain is a pure number.

Strain 1s classified into three types:
a. Longitudinal strain (Tenstle strain)
b.  Volume strain (Bulk strain)

c.  Shearingstrain

*Q.15. What is longitudinal strain (tensile

strain)?
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Ans:

i

The ratio of the change in length () to the
original length (L) is called longitudinal
strain (lensile strain).
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If deforming force produces change in
shape of a body, the stress associated with
itis called shearing stress. OR The restoring
force per unit area developed due to applied
tangential force is called shearing stress
(tangential stress).

In the figure,
L=original length of wire
L’'=L+I
= deformed length due to load Mg
L-L L+/-L
S L

It is observed in solid metal wires.

Longitudinal strain =

*(QQ.16. What is volume strain (bulk strain)?
Ans:

L

The ratio of change in volume to original
volume is called volume strain.

If V=original volume of gas
P = original pressure

DP =increase in pressure

DV=decrease in volume, then

v
A%

Negative sign indicates that volume of gas
decreases with increase in pressure.

Volume strain

*Q.17. What is shearing strain?
Ans:

L

Shearingstrain =

V.

\

The ratio of relative displacement of any
layer to its perpendicular distance from
fixed layer is called shearing strain.

Relative displacement

Distance from fixed layer

In the figure, base of the block AB is fixed. A
tangential force ‘F’ is applied to the upper
surface so that lateral displacement of the face
is ‘X’

Inright angled DADQ,

X
Shearing strain= n =tanq.

Where q is called shear angle.
Ifqis very small, thentan 0 « 0

X

q:_

Shearing strain = o

Q.18. Distinguish between deforming force and

stress.

Ans:

No.

Deforming force Stress

i.

It is internal
restoring force per
unit area.

It is externally
applied force.

It tries to deform the

the body.

It opposes
deformation.

S.I unit is N. S.I unit is N/m”.

Its dimension is

[M'L'T].

Its dimension is

[M'L'T?).

It is a tensor

‘quantity.

It is a vector

quantity.

Note:

L.

When deforming force is inclined to the surface
of abody both the normal as well as tangential
stress are developed in the body.

If ametallic cylinder is compressed under the
action of applied forces, the restoring force

per unit area 1s called compressive stress.
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3. Iflength decreases from its natural value then
longitudinal strain is called compressive strain.

4.  Shear strain is possible only for solid body. If
the deforming force 1s applied parallel to the
liquid surface it will begin to flow in the direction
of applied force.

5. Ontwisting a wire or rod, shearing strain is
produced in it.

*(Q.19. Explain the term elastic limit?
Ans:

1. The maximum stress to which an elastic
body can be subjected without causing
permanent deformation is called as elastic
limit.

1.  The deformation produced in an elastic body
depends upon the magnitude of deforming
force. If the deforming force 1s small or large,
deformation produced will be small or large.
If the deforming force 1s removed, body
regains its original shape and size.

m.  However, if we go on increasing the deforming
force, a stage 1s reached, where the body does
not regain its original dimensions, even after
the removal of deforming force. The body is
said to acquire permanent deformation called
“set”.

iv.  When such a stage is reached we say that body
1s stretched beyond the elastic limit.

Q.20. State and explain Hooke’s law in
elasticity.
Ans: Statement:

Provided the elastic limit is not exceeded,
the deformation of a material is
proportional to the force applied to it.

OR

Within the elastic limit stress is directly
proportional to strain.

Explanation:
1 According to Hooke’s law,
Stress p Strain

Stress

= tant (M
Strain samstant (M)

This constant of proportionality 1s called
modulus of elasticity.

1. The graph of strain (on X-axis) and stress (on

XL .

as shown in the figure.

Thus, modulus of elasticity of a material is the
slope of stress-strain curve in elastic
deformation region

Q.21. What is modulus of elasticity?
Ans:

1 The ratio ofstress to,the corresponding
strain for a material obeying Hooke's law
is called modulus of elasticity.

OR

The modulus of elasticity of a material is
defined as the slope of stress-strain curve
in elastic deformation region.

Stress

Modulus of elasticity, M = Strain

.  Modulus of elasticity depends upon the nature
of material body.

m. Unit: N/m? in ST system and dyne/cm in CGS
system.

iv. Dimension: [M'L"'T?]
Note:

1 Modulus of elasticity of a material body
depends on nature of material of the body and
the manner in which 1t is deformed.

2 Hooke’s law holds good only when a wire 1s
loaded within its elastic limit.

3. Within elastic limit, if stress disappears, strain
also disappears.

5.6 Elastic constants, Poisson’s ratio

Q.22.Define Young’s modulus of elasticity.
Derive an expression for Young’s modulus
of elasticity.

OR
*(Obtain an expression for Young’s

modulus of the material of wire. State SI
unit and dimensions of ‘Y’.

A TETIIR NG PO b 2 + 1 G
IT=dXIS JIS d SUdIZHUIITIC PDAaSSIITEZ UITOUEIT OITIEIT
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Ans: Definition:

The ratio of longitudinal stress to
longitudinal strain is called as Youngs
modulus of elasticity.

Itisdenoted by Y.

Unit: N/m? in SI system and dyne/cm? in CGS
system.

Dimensions: [M'L'T?]

Expression for Young’s modulus:

L

1v.

\

Let

L = original length of wire

>

Mg = weight suspended to wire
[ =increase in length after stretching

r =radius of the cross section of wire

Longitudinal stress :
Appliedforce _F Mg

: 2
Areaof crossection A pr

o . _ Increasein length
Longitudinal sigig Original length
L
From definition,
Young’s modulus (Y)
_ longitudinalstress
longitudinal strain
_ Mg/ pr’
I/L
Mg L
pr’ [

Q.23. Why steel is more elastic than rubber?

\ Y

Ans:

1 Consider two wires of same length and Same
Cross section.

i Let, / =length of steel wire
[ =length o frubber wire
A _=area of cross section of steel wire
A _=area of cross section of rubber wire
Y, = Young’s modulus of steel wire I'Y, -
Young’s modulus of rubber wire

. Ifequal force F is applied to both the wires
then it 1s observed that: change in length of
rubber wire 1s greater than change in length of
steel wire

ie. /r > ZS.

FL FL

iv. Bydefinition, Ys Al and : Al

r'r

But,A =A andL =L,

YS = l[' .
\ ?r = Z ...... (1)
Asl>1
ll'
\ 7 of [From equation (1)]
Y >Y.

v.  Hereitis observed that Young’s modulus of
steel is greater than Young’s modulus of rubber.
Hence, steel is more elastic than rubber.

*(Q.24.Within elastic limit, prove that Young’s
modulus of material of wire is the stress
required to double the length of wire.

Ans:
1 Let, L=Ilength of wire
2L =deforming length
\ Increaseinlength=/=2L—-L=L

[ L
ii.  Longitudinal strain of wire 1 1 1

. Young’s modulus of wire

_ Longitudinalstress

Logitudinalstrain

_ Longitudinalstress
1
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\ Y = Longitudinal stress

iv.  Hence, Young’s modulus of material of wire is
the stress required to double the length of wire.

#Q.25.Mountaineer generally use nylon rope
for climbing mountains. Can nylon rope be
replaced by cable made up of steel of
equal strength?

Ans: Nylon rope cannot be replaced by cable made
up of steel of equal strength because steel is
more elastic than nylon. Nylon ropes can
withstand more amount of tensile strain than
steel cables.

Q.26. Define bulk modulus. Derive an
expression for bulk modulus in elasticity.

OR

*Obtain an expression for bulk modulus.
State SI unit and dimensions of ‘K*.

Ans: Definition:

The ratio of volume stress to the volume
strain is called bulk modulus.

Unit: N/m? in SI system and dyne/cm? in CGS
system.

Dimension: [M'L'T]
Bulk modulus is the property of solids, liquids
and gases.

Expression for bulk modulus:

1 Suppose a spherical balloon of volume V is
subjected to additional pressure DP to reduce
its volume by DV.

ii. ~V=original volume of gas in balloon
DV =decrease in volume of gas in balloon

V —DV =new Volume of gas in balloon

F DPA
1 =—=—=DP
m.  Volume stress A A
Changein volume

_(V-DV)-V_-DV
v v

Negative sign shows that there is decrease in
volume.

Volume strain = B2 (numerically)

v.  Fromdefinition,

_ Volumestress
Bulk modulus, &= ——————
Volumestrain
Dp
VSTV
\Y
Note:

Under isothermal conditions, the bulk modulus
of a gas is equal to its pressure P. Under
adiabatic conditions, the bulk modulus is equal
togP.

Q.27. Define compressibility. State its unit and
, dimension.

Ans:

. The reciprocal of bulk modulus, i.e., ratio
of volume strain to volume stress is called

compressibility.
C ibility = L
ompressibility = -
Higher the value of K lower will be its
compressibility.

ii.  Unit: m*N in SI system and cm?*/dyne in CGS
system.

ii.  Dimensions: [M'L'T?]

#Q.28. Two spheres A and B having same
volume are dropped from same height in
ocean. Sphere A is made up of brass and
sphere B is made up of steel. Will there
be same change in volume of spheres at a
certain depth inside water? What will be
the ratio of change in volumes of the two
spheres at this depth ?

Ans:

1. Brassand copper have different elastic modulii.
Hence, there won’t be same change in the
volume of spheres at a certain depth inside
water.

ii.  Astwo spheres are dropped from same height

v.  Volume stram = Orici
riginal volume
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and are at same depth in water pressure
exerted on them remains same.

\  dP—dP,=dP

Va=V =V
m.  IfdV, and dV be the change in volume of
two spheres A and B then,
V.dP
dv, = and
A
dP
dv, = vd
KB

iv.  Ratio of change in volume,

dv, _V.dp / VdP _ Ky
dv; K, K; K,
where Ka and K, are bulk modulus of material
of spheres A and B respectively.
Q.29.Define modulus of rigidity. Derive an
expression for rigidity modulus

OR

*(Qbtain an expression for the modulus of
rigidity. State SI unit and dimensions of

‘h.

[Oct11]

Ans: Definition:
The ratio of shearing stress to the shearing
strain is called modulus of rigidity or

rigidity modulus.

It is denoted by h.
Unit: N/m? in SIsystem and dyne/cm? in CGS

system.

Dimensions: [M'L'T?]
Expression for rigidity modulus:
L

in the figure,

Let,
L=h =length of each face of solid cube

F =tangential force applied to one face

x = lateral displacement in the length of face.

A = area of each face of the cube.

Consider a solid cube PQRWTSVU as shown

{ T .T s 8§ |
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I A X ', ‘l X1 ‘l |
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| o ] N ; :
I !

I " W l: R |
2 :
IS &
Shearing stress = Tangential force  F

ss = ~ o
earing stre . A

Shearing strain

_ Lateral displacement of any layer
Distance from the fixed layer

X
=—=tanq
For small vale of q,
tanqg » q
\ i =
h

iv.  Now, modulus of rigidity,

_ Shearingstress _ F/A
Shearingstrain ~ q

_F _Fh
\ = A—q T Ax
#Q.30.You are given a jelly cube. Which modulii
of the elasticity are associated with it ?
Ans: A jelly cube possesses both modulus of rigidity
and bulk modulus.
Q.31. Define Poisson’s ratio. Derive an

expression for Poisson’s ratio.
Ans: Definition:

The ratio of lateral strain to the longitudinal

strain 1s called Poisson ’s ratio.

It is denoted by S.

Poisson’s ratio is a pure number because it is

the ratio of two strains.
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Lateral strain(b)
~ Longitudinal strain(a )

Itis given by, s

Expression for Poisson’s ratio:

1. Letawireof length ‘L’ be stretched by a load
(W) as shown in the figure.

1. Whenthe wire 1s stretched, its length increases
but its diameter decreases.

m.  Let, DD =decrease in diameter

[/ =elongation in the wire.

iv.  Longitudinal strain in the wire is given by,

[
a = —
L
. ) DD
v.  Lateral strain in the wire, b= - D

Negative sign shows that diameter of wire
decreases with increase mn length.

vi. From definition,

S =R:-DD/D
a /L
s_.DD. L
D 7 (1)

DD

D _-DL
S e

D, 1V

>

where, r =radius of the cross section of the wire.

*(QQ.32.Explain Poisson’s ratio. Discuss its
limiting value.

1 When a force 1s applied to a body along any
direction, there is

a. change in size along the direction of
force.

b. change in size in perpendicular
direction.

1. Ifaforceis applied to the free end of a metal
wire, it gets elongated. This 1s accompanied
by decrease in the diameter of metal wire.

u.  Thus longitudinal extension is accompanied by
lateral contraction. This lateral contraction
depends on the nature of the body and is
proportional to its size, direction as well as
stress. This proportional change 1s called
lateral strain.

iv.  Within elastic limit, lateral strain (b) is
proportional to longitudinal strain (a),
re. b u a
b=axa

Where s 1s proportional constant called
Poisson’s ratio.

. . b
Poisson’s ratio (S) = "

v.  Limiting value of cr:
a. Forhomogeneous isotropic material,
-1<s8<05
b. Inactual practice S 1s always positive,
02<s<04

vi. Poisson’s ratio is unitless and j dimensionless
quantity because it is the ratio of two similar
physical quantities.

Q.33. Explain, why only solids possess all the
three types of elastic modulii.

Ans:

1 Young’s modulus is related to a change in
length. Bulk modulus is related to a change in
volume. Modulus of rigidity is related to a
change n shape.

1. Liquid and gases possess a definite !; volume.
They do not have length or shape of their own.

. Only solids possess a definite length, volume
and shape.

iv.  Therefore, solids possess all the three elastic
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moduli

*(Q.34.Distinguish between Young’s modulus,
bulk modulus and modulus of rigidity.

Young’s
modulus

Bulk
modulus

Modulus
of rigidity

It is the ratio
of
longitudinal
stress to
longitudinal
strain.

It is the
ratio of
volume
stress
volume
strain.

to

It is the
ratio  of
shearing
stress
shearing
strain.

to

il.

It is given
by,
_ MgL
nr’l

It is given
by,
_ VAP
AV

It is given
by,
e
Af

iii.

It exists in
solids.

It exists in
solid, liquid
and gases.

It exists in
solids.

iv.

It relates to
change in
length of a
body.

It relates to
change in
volume of
a body.

Tt relates

to change
in shape
of a body.

Note:

1.

Young’s modulus of perfectly elastic body is
infinity and that of perfectly plastic body 1s zero.

Young’s modulus of material decreases with
rise in temperature.

Young’s modulus decides elastic nature of
material.

of their own, hence they do not possess
modulus of rigidity.

6. Modulus of elasticity for a perfectly rigid body
1s always mnfinity.

7. Ifthere is no change in the volume of a wire
due to change in 1ts length on stretching, then

poisson’s ratio of the material of the wire 1s —
0.5.

8.  Poisson’s ratio ais not the modulus of elasticity
as 1t 1s the ratio of two strains and not of stress
and strain.

9. Wateris moreelasticthan air because

bulk modulus ofelasticityis reciprocal of

compressibility and air is more compressible
than water.

Relation between Y, k, hand s:

1 Y=3k(l-2s)

L Y=2h(l+s)

10.

s=3k-2h
= 2h - 6k
. 293
Y ¥ k h

5.7 Determination of Young’s modulus of
material of wire :

*(Q.35.Describe a method to determine the
Young’s modulus of a material of thin wire.

Ans: Determination of Young’s modulus of thin

4. Only solids possess all the three elastic

wire:
constants while hqu1d§ and gases possess only Apparatus:
one elastic constant viz. bulk modulus.
5. Liquids and gases do not have a definite shape
Young’s Modulus (Y) | = Bulk Modulus (k) Modulus of Rigidity (n)  Poisson’s ratio (c)
i. | Corresponds to | Corresponds to | Corresponds to|Is a constant of
" elasticity of length. elasticity of volume elasticity of shape proportionality relating

longitudinal extension
to lateral contraction

ii. | S.Iunit:N/m’ S.I. unit: N/m’ S.I. unit: N/m’ -

iii. | Dimensions: [M'L™'T ]| Dimensions: M'L'T?] Dimensions:[M'L™'T] -

iv. _ Longitudinalstress _ Volumestress _ sheerstress el lateralstrain 1

Longitudinalstrain Volumestrain shear strain longitudinalstrain
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Determination of Young’s modulus
of material of wire

1. The apparatus is arranged as shown in the
figure.

ii. Two long straight thin wires P and Q of'same
length, same radius and same material
(usually steel) are suspended side by side from
arigid support S.

iii. The wire P, so called reference wire is kept
taut by weight W attached to its lower end
and carries a main scale M graduated in
millimetres.

iv. The wire Q, so called experimental wire
carries a pan in which known weights can be
placed.

v. Vernier scale V is attached at the bottom of
experimental wire, whereas main scale M is
fixed to reference wire.

Procedure:

1. Whenweights are placed in the pan attached
to experimental wire Q, load is increased
which thereby increases the force F in
wire Q.

iv. The reference wire 1s used in order to
compensate change in length that may occur
due to change in temperature 1.e. the increase
in length of reference wire and experimental
wire due to change of room temperature is the
same.

v.  Both reference wire and experimental wire are
sufficiently loaded in order to make wire

straight and taut and vernier reading 1s noted.

vi. Now the experimental wire Q 1s gradually
loaded 1n order to bring wire under tensile
stress.

vi.. Everytime vernier reading is noted.

vii. The difference between two vernier readings
gives elongation produced for a given load.

Calculation:

i. Letr and L be the radius and length of
experimental wire Q initially. The area of
cross-section of wire Q 1s pr?. Let / be the
elongation in length of wire Q.

ii. When mass M is attached to lower end of Q
1.e. elongation produced in experimental wire
Q 1s for applied force Mg, where g is the
acceleration due to gravity.

iii. Bydefinition

Mg
_ Longitudinalstress _ 2
Longitudinalstrain ~ /
L
v Y- MgL
pr’l

iv. Measuring extension /, radius r, original length
L and load W, Young’s modulus can be
determined.

5.8 Behaviour of metal wire, under increasing
Q.36. Define the following terms:
*i.  Yield point *ii. Breaking stress

iii. Breaking weight iv. Breaking point
v. Permanent deformation (set)

Ans:

i.  Yield point:

The point on stress-strain curve at which the
strain begins to increase without any increase
in the stress 1s called yield point.

A metal after yield point becomes ductile.
ii. Breaking stress (ultimate strength):
The maximum stress which a wire can bear 1s
called breaking stress.
iii. Breaking weight:
Product of breaking stress and area of cross

section 1s called breaking weight. Breaking
weight = Breaking stress x
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1v.

Area of cross section
Breaking point:

The point on stress-strain curve at which
the wire breaks, is known as the breaking
point.

Permanent deformation (set):

If the elastic limit is exceeded, the body does
not preserve its original dimension after
removal of the deforming force. This state
is catted permanent deformation (set).

*(Q.37.Explain stress v/s strain graph with the

help of a neat labelled diagram.

Ans: Stress v/s strain graph:

i

ii.

Elastic limit:

The initial portion OE of'the graph is a straight
line, which indicates that upto the point E stress
1s directly proportional to strain. Hence,
Hooke’s law is obeyed upto point E. In this
region, wire 1s perfectly elastic and it
completely regains 1ts original length when the
load 1s removed. Point E represents limit of
proportionality between stress and strain.

Permanent set:

Ifthe load 1s increased so that stress becomes
greater than that corresponding to the point E,
the graph 1s no longer a straight line and the
wire does not obey Hooke’s law.

Elastic limit
Yield point
Breaking stress
Breaking point
Permanent set

il

O' Strain ———»

If the wire is strained upto E’ beyond point E
and then the load 1s removed, the wire does
not regain its original length and there is a
permanent increase in length. A small strain
corresponding to OO’ is set up permanently
in the wire, called permanent set. However,
the wire 1s still elastic and if loaded again, gives
a linear relation shown by the dotted line OE’.

Yield point:
As the stress 1s increased beyond the elastic

iv.

limit the graph is a curve and reaches a point Y
where the tangent to the curve 1s parallel to
the strain axis. This shows that for the stress
corresponding to point Y the strain increases
even without any increase in the stress. This is
known as plastic flow.

Point Y on the curve is called yield point. The
value of stress corresponding to yield point 1s
called yield stress.

Breaking stress: When the wire begins to
flow, its cross-section decreases uniformly and
hence, the stress increases steadily. Later a
neck or constriction begins to form at a weak
point. The maximum stress corresponding to
the point B 1s breaking stress.

Breaking point: Once the neck 1s formed,
the wire goes on stretching even if the load 1s
reduced, until the breaking point C is reached
when the wire breaks.

Q.38. Stress-strain curve for two materials

il

A and B are shown in the figure. The
graphs are drawn to the same scale.

Which material has greater Young’s
modulus?

Which of the two is the stronger material?
(NCERT)

________________________ |
|
I
Stress
B |
|
|
S G 5 751, LI sl

Material B has greater value of Y. It 1s so
because slope of the graph of materials B is
larger than that of A.

Thus for producing same strain more stress is
required.

Material A 1s stronger than B because A can
bear greater stress before the breaking of the
wire.

Q.39. Figure shows the stress-strain curve for

a given material. What are (i) Young’s
modulus and (ii) approximate yield
strength for this material ? (NCERT)
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of material of the rod.

:_ _________________________ } _ ~ Changeinlength

L2 a00 ! e LAnEATSEa = Original length

I 250 s

I “"A : . . = lo

I E 200 I Linear strain=

: Z‘ | lo

| ?; 150 :

| % 100 a e -,

I8 A i |iv. Fromequation (i), —,— =aDg

| @ 50 | 0

I 0 I

! I

' |

' I

Strain

From the graph, it 1s found that the stress of
150 x 10 Nm. comes into play for a strain
of 0.002. Therefore, Young’s modulus is,
stress,

e Stress _ 150" 10°
Strain 0.002
1. The yield strength for the material is less than
300 x 10°Nm™, 1.e. 3 x 10* Nm™ and greater
than 2.5 x 108 Nm 2.

Q.40. Draw stress-strain curve in elastic tissue
of aorta.

=75"10°Nm™

Ans: The stress-strain curve for aorta is as shown
in the figure.

Y T S
Strain—

T |
I

r:‘ l
\E\ |
i |
3 I
S 06T |
b |
% I

£ I
7} I
I

[

|

Q.42. Derive a relation between Young’s
modulus, coefficient of linear expansion
and thermal stress.

Ans:
1 Consider a metallic rod of length / at 0 °C

1. Ifthe temperature ofrod is increased by Dq,
then final length ofrod is given by,

/=1 (1+aDq) )

Where, ais the coefficient of linear expansion

\  Force exerted by rod due to heating = Thermal
stress x Area.

Note:

1. Malleability is the property of metal due to
which it can be beaten into thin sheets.

2. Ductility is the property by virtue of which a
metal can be drawn into wires.

3. Breakingstress 1s independent of the length or
area of cross section of the wire. However it
depends on the material of the wire.

4. Ifawireis broken into two parts, the maximum
load it can sustain remains same.

5. Load applied to the wire depends upon area
not on length.

5.9 Application of elastic behaviour of

materials

*(Q.43.Explain applications of elastic behaviour
of material.

Ans: Applications of elastic behaviour:

1. While designinga building the structural design
of the columns, beams and supports require
knowledge of strength of material used,

1. Cranesused for liftingand moving heavy loads
from one place to another have a thick metal
rope to which the load is attached. The
thickness of such ropes in cranes is decided
on the basis of elastic behaviour of material of
the rope along with factor of safety.

m.  Bridges are designed in such a way that they
do not bend much or break under the load of
heavy traffic, force of strongly blowing winds
and also its own weight.

44. Explain the theory of bending of a beam.
Ans:

1. When abeam is bent, the strain produced is
longitudinal and so elastic modulus involved is
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Young’s modulus.

1. The bending moment is the algebraic sum of
moments of all restoring forces developed in
the filaments of the bent beam about a neutral
axis.

m.  Whenarod of length ‘/” breadth ‘b’ and depth
‘d’ 1s loaded at the centre by a load W. then
depression (sag) of the rod at centre is given

Q.45. How can we prevent the bending of a
beam ?

Ans:

1. When a beam of length 7°, breadth ‘b’ and
depth ‘d’ is loaded at the centre by a load W
then bending (depression),

WP
~ 4Ybd®
1. To prevent the bending of beam:
a. [shouldbe small
b. Y should be large
c. dshouldbe large

m.  The most effective method to reduce
depression in the beam of given length and
material is to make depth d of the beam large
as compared to its breadth b as

1
&
Q.46. Why girders are made I shaped ?
Ans:

1 Thel-shaped beam minimizes both weightand
stress.

du

1.  Anl-beam can be much lighter, but almost as
strong as for bending.

. I-beam has a large load bearing surface, which
prevents buckling and 1s enough to reduce too
much buckling.

iv. I-beam provides high bending moment so lot
of material is saved. Hence, girders are made
I shaped.

Q.47. Whatis buckling? How is it prevented ?

Ans:

1 Although strength of a beam 1s increased by
increasing its depth as compared to its breadth.

.  Too much increase, in depth also causes
bending of the beam as shown in fig. (a). This
bending of beam is called buckling.

. To check the buckling, cross sectional shape
of beam resemble I shaped as shown in fig.

Q.48. What is the basis of deciding the
thickness of metallic ropes used in crane
to lift the heavy weight ?

Ans:

1 Thethickness of the metallic ropes used, in
cranes 1s decided on the basis of the elastic
limit of the material of the rope and the factor
of safety.

1. Tolift aload upto 10* kg, the rope is made for
a factor of safety of 10.

m. It should not break even when a load of 10°
kefi.e.10°x 9.8 Nis applied on it.

v.  If‘r’1s the radius of the rope, then maximum

10°
stress = —
pr
v.  The maximum stress (ultimate stress) should
not exceed the breaking stress (5 to 20 x 108
N/m?) as well as elastic limit of steel Y (30 x
107 N/m?).
5
\ % =30" 10
pr
\' prr=0.3333 x10° m?




Show that strain energy per unit volume
of a strained wire is half the product of
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5
s W, W R (ii)
Y 30710 L
\  A>333x10%m? v. Let ‘dW’ bethe work done for the further small
vi. Inorder to have flexibility, the rope 1s made extension ‘dx
up of large number of thin wires twisted \ dW=fdx
together. Vi
5.10 Elastic energy : \ dW= ao (111)
Q.49. Define strain energy. Prove that work | 1y 401 amount of work done in stretching
. . L. the wire from O to / can be found out by
done in stretching a wire is — X load X - . L
2 integrating equation (1it).
extension, by calculus method. [Mar 09] ; I Ax YA
OR W:GiW:OTdX:Tbde
*QObtain an expression for strain energy 0 0 0
in a strained wire. YA S2
éx“u
Define strain energy and derive an g
expression for it by using calculus method. )
YA/
Ans: Definition: \ W= oL
Strain energy is defined as an elastic
potential energy gained by a wire during R YAl [
elongation by stretching force. LY 2
Expression for strain energy: YA/
1L Let, But, E7 =F
L=Iength of wire
A =area of cross section of wire \ = % ¥ (iv)
=radius of tion of wi .
rmr 1usc? CroSS 8€C }ono w1re. Equation (1v) represents the work done by
) /= elon.gat%on of'the wire by applying load. stretching a wire.
1. Ifthe wire is perfectly elastic then, Work done in stretching a wire
Young’s modulus,
F/A =5 x load x extension
I/L vi.  Work done by stretching force 1s equal to strain
& energy gained by the wire.
A L 1
R — 1N U=W=="F" 1
\ _ FAl I I 2
B I
L : | 1 .
..... (i) : : \ U= 5 " load ~ extension
: ; I 1, |
- alﬁcti i?;gf;:;:;nifgge : : *(QQ.50. Show that strain energy per unit
extension at certairlljinstangt : 0z : volume of a strained wire is (stress)
. | P I (strain).
during the process of | |
extension. } : OR
|
| .
[ I
4

stress and strain.
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Ans: 1 Ifstress isnormal to the cross section then it is
Expression for strain energy per unit called longitudinal stress.
volume: 1. Ifstressis normal to change in the volume of
Refer 0.49 elastic bodies then it is called volume stress.
) _ L Volume stress 1s possessed for liquid or gases.
Strain energy in the stretched wire 1s given by, | ... ) : :
m.  Ifstress is tangential to change in the shape of
1, By the body then 1t 1s called tangential stress or
) shear stress.
; : ; 5. According to Hooke’s law, stress oc strain,
If u 1s the strain energy per unit volume of i : i
stratehiediisthen 1.e., ratio between stress and strain is a constant
’ known as elastic constant.
U 1,F 1 1F S
=_—=_"__ —=__" tress
v 2 V 2AL — = Constant
Strain
where A= area of cross section of wire Hooke’s law is obeyed within elastic limit but
1 F [ 1 this law 1s not true beyond elastic limit.
u= 5 A - L - Pl stress X strain 6. Poisson’s ratio a 1s a pure number, because it
1s the ratio of two strains, 1.e., ratio between
_ lateral strain to longitudinal strain. It has no unit
u= 5 X stress X strain and dimension.
Oithier Eofiiis 7. Breaking stress is independent of the length or
’ area of cross section of the wire. However, it
1 stress depends on the material of the wire.
=—"stress ’ . . .
a. u 2 8. Ifawireis broken into two parts, the maximum
load it can sustain remains same.
\ iy (stress)’ 9. Load applied to the wire depends upon area
2 Y not on length.
b.  Also stress =Y X strain 10. Strain energy is the potential energy stored in
the body during extension. Itis given by,
1 . .
\  u=—="Y " strain’ strain 1
2 U=—""FI]
2
\ u= 1. Y’ strain? 11. Strain energy per unit volume 1s called energy
2 density. It is given by,
Summary:
y 4 . U 1, (stress)” 1, >,
1. Elasticity is the property of material body due u= vV 2 Y 2 (strain)” " Y
to which the body changes its shape, size or
volume by applying an external force under | Formulae :
elastic limit but whenever this force is removed, F M
1t regains its original shape. i Longitudinal stress = n = _‘(25
2. Among the existing bodies, some are elastic Pt
and some are inelastic (plastic) butno material | i. ~ Volume stress = DP
bodies are perfectly elastic or perfectly plastic. F
3. Forpractical purposes, quartz and puttyare | m. ~ Shearing stress = A
assumed to be perfectly elastic and perfectly
plastic bodies respectively. . . _ Breaking force
4. Stressis the force perunitareaof elastic bodies, | IV Breaking force ="y =" 0 - on
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10.

11.

U

=

> |

Strain:

/
Longitudinal strain = L

DV

Volume strain = 7

X

Shearing strain = m

Stress

Strain

Hooke’s law: M =

MgL
pr’l

Young’s modulus: Y =

Bulk modulus:

_ Bulk stress s E
Bulk strain DV

Modulus of rigidity for small angle:

¥ _Fu
Aq Ax
Poisson’s ratio:
_LAD D
D/ Ir (naGH R
Elongation in the wire due to load:
MgL
l = 2
pr'y
Work done in stretching a wire:
W= L. E4E
2
Depression of c.g./bending of beam:
WP
4bd’Y

Elastic energy :
Elastsic potential energy,

I,

Strain energy per unit volume,

1 .
—= 5 F'I= E " stress ” strain © volume

1 = 1 :
u= U_1, (Stess)” —(Strain)* " Y
vV 2 Y 2
Solved Problems
Example 1

A body of mass 10 kg is suspended from a
wire of length 4 m and radius 3 mm,
calculate the stress.

Solution:
Given:M=10kg, L=4m,r=3x10"m
To find : Stress

F la: St = Me
ormula: Stress = - 22

Calculation: From formula,
10" 9.8
3.14° (37 107%)?
Stress = 3.46 X 10 N/m?

Ans: The stress of the body is 3.46 x 10° N/m?.
Example 2

Stress =

A piece of copper having a rectangular
cross- section of 15.2 mm x 19.14 mm is
pulled in tension with 44500 N force,
producing only elastic deformation.
Calculate the resulting strain. [Rigidity
modulus of copper =42 x 10° Nm™?]

Solution: ~ (NCERT)

Given:  A=152x19.14 % 10°m?
F=44500 N, h =42 x 10°N m™

To find : Strain (Q)

F
Formula : h= A—q

Calculation: From formula,

A

q=23.64 x 107

Ans: The strain produced in the piece of copper is
3.64 x 107,

Example 3

When a load of 5 kg is attached to the free
end of a suspended wire of length 4 m and
diameter 2 mm, the elongation produced
is 0.5 mm. Calculate the stress, strain and
Young’s modulus of the material of wire.
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Solution: To find:
Given: M=5 kg L=4m, M
. o _ Mg
D=2mm,r=1mm=1x103m, 1 Longitudinal stress A
[=05mm0.5x%10°m 7
Tofind: 1. Stress i.  Longitudinal strain= f
11. Strain
111. Young s modulus (Y) Loy = longitudinal stress
1L N B N
longitudinal strain
Formulae - i, Stress = —= : .
e pr Calculation : From formula (1),
] 1027 938
i, Strain =— 1 Longitudinalstress |
1. Longitudinal stress =9.996 x 10° N/m?
Stress Ny
Y= ii. Longitudinal stress » 1 x 107 N/m?
Strain From I )
rom formula (11),
Calculation : From Formula
‘ 0.1"10°?
Stress = i Longitudinal strain = ———

3.147 (107%)?
Longitudinal strain=5 x 10~
Stress = 1.56 x 107 N/m?

From formula (ii1),
From formula (i1),
3 1”10 N
. 05710 B = —=02"10"N/m
Strain = — 5710
. Y =20 x 10° Nm?
\ Strain =1.25x10*
From formula (111) ALy
’ 1. Thelongitudinal stress of the wire is
_ 1567 10 9.996 x 106 N/m?’.
1257 107" i  The longitudinal strain of the wire is 5 x 10~
Y =1.248 x 10" N/m? . Young’s modulus of wire is 20 x 10° Nm?,
Ans: Example 5
1. The stress of the material of wire is Find the greatest length of a copper wire
11.56 x 107 N/m>. that can hang vertically without breaking.
1. The strain of the material of wire is [Breaking stress for copper =5 x 10° N/m’
11.25 x 10, and density of copper =9 x 10° kg/m’]
. Young’s modulus of the material of wire 1s Solution:
1.248 x 10" N/m?. Given: Breaking stress= 5 % 10 N/m,
Example 4 r=9x 10 kg/m?
A wire of length 2 m and cross sectional | Tofind: Length(L)
area 10~ m? is stretched by a load F M
102 kg. The wire b stretched by 0.1 cm. | Formula: Breaking stress = — = —g
Calculate longitudinal stresv longitudinal A A
strain, Young ’s modulus of wire. Calculation: Mass of the wire, M
Solution: m rv =rAL
Given: L=2m,A=10"m* M=102kg, From formula,

c=98m/s’, /=01cm=0.1x10?m
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rAL
Breaking stress = Tg =rlg
L= Breaking stress
rg
5710 5710°

1 9°10°° 98 882

L=5.669 x 10° m

Ans: The maximum length of the copper wire
hanged vertically without breaking 1s
5.669 x 10° m.

*Example 6
The length of wire increases by 9 mm when
weight of 2.5 kg is hung from the free end
of wire. If all conditions are kept the same
and the radius of wire is made thrice the
original radius, find the increase in length.

Solution:

[, =9mm=9x10"m, M=25kg
r,=3r,Y, =Y, =Y (material is same)

To find : Increase in length (/,)

Given:

FL
Y =
Formula: Al
ll=£and I, = FL
YA, YA,
\ I_l_ﬁ_prg
L A Pr12
L2 2
/
\ o G
l
b 1 -3
/2—5—79 07 1o
9 9
lz=1mm

Ans: The increase in length of the wire is 1 mm.

Example 7
A wire of diameter 0.5 mm and length 2 m 1s
stretched by applying a force of 2 kg wt.

Calculate the increase in length of the wire.
[g=9.8m/s?, Y =9 x 10" N/m?]

Solution:
Given: L=2m, F=2kgwt,
d=05mm=5x10"*m,
r=25x10%m, .

Y =9 x10!° N/m?
g=9.8m/s?

To find: Increasein length (/)

F la: _FL _MstL
ormula: Al pril

Calculation : From formula

MgL 27 94w

l_ =
prr 97 10" 3.14(2.57 10°%)?

_1.
Y

- 19.6" 2
9710 3.14(2.5° 10°%)
[=2219%x10°m
Ans: The increase in length of the wire is
2.219 x 10 ° m.
Example 8

A steel wire of length 4 m has a mass of
25 g. It is elongated by 1.25 mm when
stretched by a weight of 5 kg. Calculate
the Young’s modulus of steel.

[Density of steel is 7.8 x 10° kg/m’]
Solution:
L=4m,/=125mm=125%103m,
m =25 %107 kg, M =5 kg,

r=7.8x10° kg/m’

1o find: Young’s modulus (Y)

Given:

Mgl MgL
Formulae: Y = o] N
Cotentrion: Sinee, V== 25710”
_alculation: Since, r 78" 103
Also,V=AL
_V_ 25107
L 78 10° 4
A=0.8x10°m?
From formula,
5798 4

0.8710°7 12571073
Y =19.6 x 10" N/m?
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Ans: Young’s modulus of steel is
19.6 x 10" N/m?.
Example 9

A steel wire of length 4.7 m and cross-
section 3.0 x 10 m? is stretched by the
same amount as a copper wire of length
3.5 m and cross-section 4.0 X 10 m? under
a given load. What is the ratio of the
Young’s modulus of steel to that of
copper?

Solution: L =47m,A =3.0x10°m?
L.=35m,
A.=4.0x10°m?
F,=F_(same load applied)

&Yg 0
To find : Ratio of Young’s modulus §Y. 5
co

FL

- Y P e—
Formula: Al

Calculation : From formula

_EL, _  F'47
SUAL 307107 [
_FL.  E."35

Yc

S Ade 4071077 I

Ys K47 407107 I,

Yo 3071077 [ F. 35

Ans: The ratio of the Young’s modulus of steel to
that of copper is 1.79.

Example 10

Two wires of diameter 0.25 cm, one made
of steel and the other made of brass are
loaded as shown in the figure. The
unloaded length of steel wire is 1.5 m and
that of brass wire is 1.0 m. Compute the
elongations of the steel and the brass
wires.

[Y,=2.0 10" Nm?,

Y, =0.91x 10" NnT?|  (NCERT)

1.0m
Brass

NN 6.0 kg

;
|
|
|
|
|
|
|

40kg |
|
|
|
:
|
|
|

Solution :
D=025cm=0.25x%107m,
L=15m,L,=1m,

Y, =2.0x10" Nm?,
LS <1011 Nm?
Elongations of brass wire (/)

Given:

Elongations of steel wire (/)

_FL

Formula : Y = Al

pD?

Calculation: Since, A A =

_ . (025710%)?
P 4
A=49x10°

From formula,

i
AY
For brass wire, load = 6 kg
MgL 6°98"1
IB - - 6 11
AY 497100°7091°10
[,=132x10"%m
Free steel wir, load =4+ 6=10kg

\' A

_EL MgL
S AY, AY

_ 1098715
5 49710 10"

[,=15%x10"m
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Ans: The elongation of the steel wire 1s Y, =20 x10" N/m’|
1.5 x 10~* m and that of brass wires is Solution :
1.32 x 10* m.
* Example 11 e B, S g e s I
: . Ll
Two wires of equal cross section one made : :
up of aluminium and other of brass are { Steel ,'
joined end to end. When the combination : ;
of wires is kept under tension the : % 25kg :
elongation in wires are found to be equal. | I
Find the ratio of lengths of two wires. : Steel :
[Y,, =7 10 N/m? and ! |
"
YvbrAss:9'1 = 1016 N/mZ] : @ y Okg :
. b e e e ——— i — — —— 4
Solution:
Given ! Ay=Ag, 1, =1 Given: M, =2.5kg, M, =2kg, A=10"n?’,
- 10 2
a6 Y, ., =20 10" N/m .
To find : Ratio of length §L. 5 1o find.: Longitudinal strain of 1 wire (Strain, ),
B Longitudinal strain of 2" wire (Strain, )
FL Calculation: For 1* wire, M=2.5+2=45kg
Formula: Y = Al
Vg
_FLy 4 Y. = FLy Al
Al T and I = 7
Al Al 1 _Mg
Yy Lyl Lo
Y, Ag ! ) 45798
B B \ Strain; = ———————
Singe, =1, 2071077 10°
Strain, = 2.205 x 10
Y _ Las -
N = For 2" wire, M, =2 kg
Yg Lg
} I, M
70 Strain, =% 28
Ly 7710 L YA
10
Ly 919 20798
T an 1010 - 10-4
g 1 Strain, = 9.8 x 107

Ans: The longitudinal strain of 1* wire 1s
0.7693 ~ il 2
Ans: The ratio of length of two wires 1s 2.205 < 10 and that of 2" wire is
1 9.8 x 107",
*Example 12 Example 13

One end of steel wire is fixed to a ceiling
and load of 2.5 kg is attached to the free
end of the wire. Another identical wire is
attached to the bottom of load and another
load of 2.0 kg, is attached to the lower end
of this wire. Compute the longitudinal
strain produced in both the wires, if the
cross-sectional area of wires is 10 m2

A bar of length 100 cm is supported at
its two ends. The breadth and depth of bar
are S cm and 0.5 cm respectively. A mass
of 100 g is suspended at the centre of bar.
Compute the depression produced in the
bar. [Y =4 x 10'°N/m?]

Solution:
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Given: [=100cm =1 m,
b=5cm-5 10”%m,
d=05cm=05x102m,
m=100g=0.1kg,

Y =4 x 10"°N/m?

To find: Depression (d)
13
Formula: d = i 7
4Ybd

Calculation : From formula

0.1°9.8" (1)°
d: 10 -2 -2\3
474710571077 (0.5 107%)

_ 0.98
80" 10%° 12571077
d=98x%x10*m

Ans : The depression produced in the bar is
9.8x10*m

Example 14
Calculate the decrease in the volume of
4 litre of water, when it is subjected to
11 atmospheric pressure.
[1 atm Pressure = 1.013 x 10° dyne/cm?
and Bulk modulus of water =2 x 10'° dyne/

cm’]
Solution:
Given: V=4Ilitre=4000 cm?,
DP=11-1=10atm
=10 x 1.013 x 10° dyne/cm?
Tofind: Decrease in volume (DV)
DP
K=V~ —
Formula : DV
Calculation: From formula,
DV = V' DP
K
_ 107 1.0137 10° "~ 4000
2 10
_ 1.013" 4
2
DV=2.026 cm?

Ans: The decrease i the volume of water 1s
2.026 cm®.

*Example 15

Find the increase in pressure required to
decrease volume of mercury by 0.001 %.

[Bulk modulus of mercury —2.8 x 10" N/
m’]

Solution:

DV =0.001 % of V

DV _0001__
V100
K =2.8 x 10"N/m?

1o find: Increase in pressure (DP)

Given:

DP
la: K=V’ — i
Formula DV (Numerically)
Calculation: From formula,

DP = Kﬂ
v
DP=28x10"x 107
DP=2.8 x 10° N/m?
Ans: The increase in pressure required decrease
volume of mercury by 0.001 % is
2.8 x 105 N/m?.

Example 16
Determine the volume contraction of solid
copper cube, 10 cm on an edge, when
subjected to a hydraulic pressure of
7.0 x 106 Pa. [Bulk modulus of copper =
140 x 10°Pa] (NCERT)

Solution :

L=10cm=0.1m,DP=7x 10°Pa,
K =140 x 10° Pa

1o find: Volume contraction (DV)

Given:

DP
K=V’ —
Formula DV
Calculation : From formula,
pv=r X
K
7 10°
=(0.1 " ———
0 140 10°
DV=5x10%m?

Ans: The volume contraction of solid copper
cube 5x 10* m’.
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Example 17
A solid brass sphere of volume 0.305 m’* is
dropped in ocean, where water pressure is
2 x 107 N/m?. If bulk modulus of liquid is
6.1 x 10'° N/m?, what is change in volume
of sphere?

Solution:

Given: V=0.305m?DP =2 x 10" N/m?,
K=6.1 x 10"°’N/m?

To find: Change in volume (DV)

DP
K=V —
Formula: DV
Calculation: From formula,
DV = V'’ DP
K
. oy 1pT
DV = 0.305" 2 1010
6.1" 10
DV=10*m’

Ans: The change in volume of sphere is 10~ m’.
Example 18

The Marina trench is located in the Pacific
Ocean and at one place itis, nearly 11 km
beneath the surface of water. The water
pressure at the bottom of the trench is
about 1.1 x 10® Pa. A steel ball of initial
volume 0.32 m’ is dropped into the «cean
and falls to the bottom of the trench. What
is the change in the volume of the ball when
it reaches the bottom?

[K =1.6 x 10" N/m?|
Solution:
Given: DP=1.1x10%Pa,
V=032K=1.6 % 10" N/m?
Tofind: Change in volume (DV)

DP
- K=V’ —
Formula: DV

Calculation: From formula

_ V' DP_(1.1710%" 0.32
K 1.6" 10"
DV=22x10*m?

Ans: The change in the volume of the ball when 1t
reaches the bottom 1s 2.2 x 10 m>.

DV
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10.

11.

EXERCISE -1
Section - Pactice Problems

The radius of a wire 1s 0.2 mm. Find the force
required to produce an elongation of 0.2% of
the initial length of the wire.

[Y=1.7x 10" N/m?]
Two wires of same material have radi1 and

lengths in the ratio 1 : 2. If the extensions are
equal, what s the ratio of loads applied?

When a liquid of volume 4 litre is subjected to
an additional pressure of 5 x 10’ Nm?, the

change m volume is found tobe 4 ml. Calculate
the bulk modulus of the liquid.

A wire of length 2 m and diameter 1 mm when
stretched by a load of 5 kg extends by 1 mm.
Calculate Y.

A tangential force of 2.5 x 10° N applied on a
surface of area 4 cm displaces it sideways with
respect to the opposite fixed layer so that the
angle of shear 1s 2°. Find the modulus of nigidity
of the material.

The radius of a copper wire is 4 mm. What
force 1s required to stretch the wire by 20 % of
its length, aissuming that the elastic limit 1s not
exceeded? [Y =20 x 10" N/m*] ,

The bulk modulus ofaliquid is 1.25 x 10'°N/
m?. Calculate the % decrease in volume ofthe
liquid when the pressure 1s increased by 20
atmosphere.

[1 atmosphere = 10° N/m?]

A load of 2 kg wt. 1s applied to the end of a
wire of length 2 m and diameter 2 x 10 m,
suspended from a rigid support. If Young’s
modulus of the material of the wire is
2 x 10" N/m?, find the extension produced in
the wire.

A steel wire of diameter 1 mm and length 2 m
1s stretched by a force of 2 kg wt. Calculate

1. increase in length of wire

1L stramn.

[g=9.8m/s?, Y =2 % 10" N/m?]

A wire of length 5 m and radius 1 mm 1s

stretched by aload of IO N. If Y =2 x 10"
N/m?, find the work done/unit volume of wire.

Strain energy of a stretched wire is 10 X 107 J
and strain energy/unit volume of same wire 1s
6 x 10% J/m?.

12.

13.

Calculate volume of wire.

A copper wire is stretched by 1% of its length.
Calculate energy stored/ unit volume of wire.
[Y=1.1 %10 N/m?]

How much should the pressure on a litre of
water be changed to compress it by 0.10 %?
[Bulk modulus of elasticity of water

=22 x 10° N/m’]

Section- B Theoretical Board Questions

I.

10.

11.

12.

13.

Define shearing strain and shearing stress.
State their STunits. [Oct00] [Mar 98]
Define

1 Elasticity

1. Young’s Modulus

m.  Poisson’s ratio. [Oct 01]

What is Poisson’s ratio? Why it does not have
anyunit ? [Feb 02]

Explain the behaviour of a wire under steadily
increasing load with a neat graph. Also explain
permanent set. [Oct 02]

Define Young’s modulus of elasticity. Write its
STunitand dimensions. Stress applied to a wire
1s equal to 1ts Young’s modulus. Find the change
in length of the wire in terms of its original length.
[Oct 03]

State Hooke’s law. With the help of a neat
graph discuss the behaviour of a wire subjected
to increasing load. [Feb 06]

With the help of neat graph explain the

behaviour of a wire under increasing load.
[Oct 08,10]

Prove that strain energy per unit volume of a

wire = 1/2 x stress x strain.  [Oct 09]

Derive an expression for strain energy. Hence
show that strain energy per unit volume is
directly proportional to square of the stress.

[Mar 10]
State Hooke’s law. Give S.I. unit and dimensions
of modulus of elasticity. [Oct 10]
Distinguish between elastic and plastic body.
[Oct 11]
Define three modulii of elasticity. State their
formula. [Mar 12]

Explain the behaviour of metal wire under
increasing load. [Oct13]
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Section C: Numerical Board Problems

1.

A 3 cmlong copper wire is stretched to increase
in length by 0.3 cm. Find the lateral strain
produced in the wire, i1f the Poisson’s ratio for
copperis 0.26. [Mar 96]

The elastic limit of copper is 1.5 x 10* N/m?.
Find the minimum radius a copper wire must

have, if its elastic limit 1s not to be exceeded
under a load of 10 kg. (g=9.8 m/s?] [Oct 97]

Find the longitudinal stress to be applied to a
wire to decrease its diameter uniformly by
10%. [Poisson’s ratio=0.25, Young’s modulus
=2x10N/m ]

What would be the greatest length of a steel
wire which when fixed at one end can hang
freely without breaking?

[Density of steel = 7800 kg /m?, Breaking stress
for steel = 7.8 x 10® N/m?] [Oct 98]

Two wires have lengths in the ratio 4 : 3,
diameters intheratio 2 : 1 and Young’s modulit
in the ratio 1 : 2. Calculate the ratio of the
elongations produced in the wires when they
are subjected to the same stretching force.

[Oct 02]

A metal plate has an area ofa face Imxlm and
thickness of 1 cm. One face of larger area is
fixed and a tangential force is applied to the
opposite face. The displacement of the edge
produced thereby is 0.005 cm. Find the
shearing stress, strain and magnitude of
tangential force applied. [Modulus of rigidity
of the metal is, h = 8.4 x 10'° N/m?]

[Feb 04]

A 3m long copper wire 1s stretched to produce
an extension of 0.3 cm. If Poisson’s ratio for
copper 1s 0.26, what is the lateral strain
produced inthe wire.  [Mar 08]

When the pressure applied to one litre of a
liquid is increased by 2 x 10° N/m?, its volume
decreases by 10° m . Find the bulk modulus
oftheliquid. [Oct 08]

What pressure is required to reduce the volume
ofa lead block by 1%? [Given =Bulk modulus
oflead=6x 10° S.I. unit]

SECTION - D MULTIPLE CHOICE
QUSTION

Which one of the following substance possess
the highest elasticity ?

(A) Rubber (B) Glass
(C) Steel (D) Copper

Solids which break or rupture before the elastic
limits are called

(A) bnttle (B) ductile
(C) malleable (D) elastic

The length of a wire increases by 1% by a
load of 2 kg wt. The linear strain produced in
the wire will be

(A) 0.02 (B) 0.001
(C) 0.01 (D) 0.002
S.I unitofstressis
(A) Newton/ metre
(B) Newton/ metre’
(C) Newton /metre
(D) Newton/metre’

A wire oflength ‘L, radius ‘r” when stretched
with a force ‘F’ changes in length by 7°. What
will be the change in length of a wire of same
material having length 2L, radius ‘2r’ and
stretched by a force 2F’?

(A) 12 B) !/

(C) 2/ (D) 41

Poisson’s ratio is the ratio of lateral strain to
........ [Mar 09]

(B) Shearing strain

(C) Longitudinal stress

(D) Longitudinal stramn

A wire is stretched to double of its length the
stram 18

(A) 2 B) 1

(C) zero (D) 0.5

Atayield point, tangent to the tensile stress

versus tensile strain curve, becomes parallel

to strain axis. This implies

(A) Hooke’s law is obeyed.

(B) wireispermanently deformed.

(C) extension begins to increase even without
any icrease 1n stress.
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10.

1.

12,

13.

14.

15.

(D) the maximum stress value a wire can take
has reached.

Which one of the following quantities does not
have the unit of force per unit area?

(A) Stress

(B) Strain

(C) Young’s modulus of elasticity
(D) Pressure

The change in the shape of a regular body 1s
dueto

(A) bulk strain

(B) shearing strain

(C) longitudinal strain

(D) metallic strain

The shear modulus of a liquid 1s
(A) zero

(B) nfinite

(C) unity

(D) some other finite value

From stress against strain graph, behavior of
wire between elastic limit and yield point is
[Mar 12, Feb 2013 old course]

(A) perfectlyelastic

(B) perfectlyplastic

(C) formation ofneck

(D) elastic but with permanent deformation

An external force of 10 N acts normally on a
square area of each side 50 cm. The stress
produced in equilibrium state is

(A) 10N/m? (B) 20 N/
(C) 40 N/m? (D) 50 N/

The Young’s modulus for steel 15 x 10" N/
m?. What s its value in CGS system ? is

(A) 15x%10° dyne/ cm?
(B) 15x% 10" dyne/ cm?
(C) 15x 10" dyne/ cm?
(D) 15 % 10%dyne/ cm?
The force required to stretch a steel wire 2

cm? in cross-section to double its length is
[ Young’s modulus for steel,

Y =2x10"N/m’]
(A) 2x 10N (B) 3x 10'N
(C) 4x10N (D) 5x 10'N

16. When a solid rubber ball 1s subjected to a
uniform stress of 1.5 x 10* N/m? its volume is
reduced by 15%. The bulk modulus of rubber

1S
(A) 10°N/m>  (B) 10°N/m’
10°N/m? (D) 10°N/m?

17. For which of the following is the modulus of
rigidity highest?
(A) Aluminium (B) Quartz
(C) Rubber (D) Water

18. A force of 100 N produces a change of 0.1%
in a length of wire of area of cross section
1 mm. Young’s modulus of the wire is

[Mar 10]
(A) 10° N/m? (B) 10°N/m?
(C) 10" N/m? (D) 10N/m?

19. A spherical ball 1s compressed by 0.01% when
a pressure of 100 atmosphere 1s applied on it.
Its bulk modulus of elasticity in dyne/cm?* will

be approximately
(A) 10" B) 10
(C) 10° D) 10?

20. and asteel wire (Y =1 x 10" N/m?) of length
4 m each of cross-section 10~ m? are fastened
end to end and stretched by a tension of
100 N. The elongation produced in the copper

wire 18
(A) 0.2 mm (B) 04mm
(C)0.6 mm (D) 0.8 mm

21. A copper solid cube of 60 cm side is subjected
to a pressure of 2.5x 10* Pa. If the bulk
modulus of copperis 1.25 x 10! N/m?, then
change in the volume of cube is

(A) 432m’ (B) 432 n?

(C) 432m? (D)—43.2 mm?
22. Modulus of rigidity of a liquid is

(A) nonzero constant

(B) ¥

(C) zero

(D) cannotbe predicted

23. The strain energy per unit volume of the wire
under increasing load is  [Oct 10]

1
(A) 5 X (stress)? x strain

1
(B) R stress x (strain)?
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24.

25.

26.

27.

28.

29.

30.

(C) 0.5 x stress x strain

1
(D) 0.5 x(strain)’*x 5

When a force 1s applied to the free end of a
metal wire, metal wire undergoes

(A) longitudinal and lateral extension.

(B) longitudinal extension and lateral
contraction.

(©)

longitudinal contraction and lateral
extension.

(D) longitudinal and lateral contraction.

For homogeneous i1sotropic material the
poisson’s ratio lies between

(A)—land-0.5 (B)—1landO
(C) —land+0.5 (D)—1and+1

An elongation of 0.2% in a wire of cross-
section 10 m? causes a tension of 1000 N.

Then its Young’s modulus is

(A) 6 x 10 N/m

(B) 5x 10°N/m

(C) 10°N/m?

(D) 10’'N/m?

When a mass of 4 kg is suspended from a
string its length 1s /. If a mass of 6 kg is
suspended its length is /. What will be its length

when a mass of 10 kg 1s suspended from it?
[Take g=10 ms~]

(A, +1, ®) 31,-2/,
(C)21,-31, D) 21, +1,

Within the elastic limit, the slope of graph
between stress against strain gives .

[Oct 11]
(A) compressibility
(B) Poisson’sratio
(C) modulus of elasticity
(D) extension

A force of 1 N doubles the length of a cord
having cross-sectional area 1 mm?. The
Young’s modulus of the material of cord 1s

(A) 1Nm?> (B) 0.5 x 10°Nm?
(C) 10Nn2 (D) 2 x 10°Nm?

Young’s modulus of a wire 1s Y, strain energy
per unit volume is E, then its strain is given by

31.

32.

33,

34.

35.

36.

W\ ® JEY
2E
© 5 (D)2EY

A beam of metal supported at the two ends 1s
loaded at the centre. The depression at the
centre 1s proportional to

(A) Y B) Y?
(C) /Y D) 1/Y?

The Young’s modulus of a material 1s
10" Nm 2 and its PoissOn’s ratio is 0.2. The
modulus of rigidity of the material is'

(A)0.42 x 10" N/m?
(B) 0.42 x 10" N/m’
(C) 0.42 x 10' N/m?
(D) 0.42 x 10" N/m’

How does the 1sothermal bulk modiilus K
depend on pressure P of the gases?

(A)K. =P

(B)K.>P

{C) K.<P

(D) No suchrelation is possible

In equilibrium the tensile stress to which a wire
of radius r 1s subjected by attaching a mass

‘m’is [Mar 11|
mg mg
Ol ® 50,
mg mg
D
© 3 0 35

When load 1s applied to a wire, the extension
1s 3 mm, the extension in the wire of same
length but half'the radius by the same load 1s ;
(A) 0.75mm (B) 6mm

(C) 1.5mm (D) 12-0mm

Two pieces of wire A and B of the same material
have their lengths in the ratio 1 : 2, and their
diameters are in the ratio 2 : 1. If they are
stretched by the same force, their elongations
will be in the ratio

A) 2:1
(C) 1:8

(B)1:4
(D)8: 1
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37.

38.

39,

The compressibility of water 1s 4 x 10 > per
unit atmospheric pressure! The decrease in
volume of 100 cm of water under a pressure

of 100 atmosphere will be
(A)0.004 cm (B)0.025 cm
(©) 0.4cm?’ (D)4 x107° cm?

When the pressure applied to one litre of a
liquids increased by 2 x 10° N/m?. Its Volume
decreases by 1 cm®. The bulk modulus of the
liquidis

(A)2x10N/m  (B)2 x 10 dyne/cm
(C)2 x10°N/m* (D) 0.2 x 10° N/m?

A cube of aluminum of each side 0.1 m 1s
subjected to a shearing force of 100 N, The
top face of the cube 1s displaced through 0.02
cm with respect to the bottom face. The

shearing strain would be
(A)0.02 (B)0.1
(C) 0.005 (D)0.002

40. Which of the following statement is correct?

41.

42.

43.

(A) Y, K, h and s have same units and
dimensions.

(B) Y, K, h and s have same units and
dimensions.
(C) Y,sand h have same units and
dimensions.
(D) Y, K. and h have same units and
dimensions.
A metal rod having coefficient of linear

expansion (a) and Young’s .modulus (Y) 1s
heated to raise the temperature by AO. The

stress exerted by the rod 1s:  [Oct 13]
Yag XDq
® By ®) —
Y
© YaDy )

Awire has Poisson’s ratio of 0.5. It is stretched
by an external force to produce a longitudinal
strain of 2 x 10-. If the original diameter was
2 nim, the final diameter after , starchingis V

(A)2.002 mm (B) 1.998 mm
(C) 1.98mm, (D) 1.999 mm

Two wires of different material having same
cross-sectional area and length are stretched
by the stretching forces of same magnitude.

44.

45.

46.

47.

48.

49.

50.

A) 1:3 B) 1:3
©) 1:1 D) 1:4

The compressibility of a substance 1s the
reciprocal of % . [Oct 09]

(A) Young’smodulus.
(B) Bulkmodulus

(C) Modulus of igidity
(D) Poisson’s ratio

Depression in beam of length /, breadth b and
depth d subjected to a load W at its middle
point is given by,

(A) d=WwW/*+4Ybd®
B) d=Wwb’+4Yb/’
©) d=wP +4Ydb’

(D) d =W/’ +3bd’

If work done 1n stretching a wire by 1 ram 1s
1J, the work necessary for stretching another
wire of same material, but with double the
radius and halfthe length by 1 mm in joule 1s

A) 1/4 B) 4
©)8 D) 16
When the load on a wire is slowly increased

from 3 to 5 kg wt, the elongation increases
from 0.61 to 1.02 mm. The work done during

the extension of wire 1s

(A) 0.167 B) 0.016]

(C) 167 D) 161.

Strain energy per unit volume is given by
[Oct 08]

1, (stress)’ [, 7
A)—" — " (stress)”Y
Wy T (B (tress)

c 1, strain . cih
© 2 stross (D) None ofthese

Awire of Young’s modulus 1.5 x 102 N/m?1s
stretched by a force so as to produce a strain
of 2 X 104 . The energy density in the wire is
(A) 6x10°)/m* (B) 3 x10*J/m?

(C) 1.5%10°J/m*(D) 3 x 10° J/m’

When a 4 kg wt. load is applied to a wire its
length 1s increased by 0.8 mm. Subsequently
when the load is changed to 6 kg wt. the
elongation increases from 0.8 to 1.2 mm. The
work done during die extension is
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51.

52,

(A) 1.96 x 102] (B) 4x102]J

(C) 3x102] (D) 4x102]J

The buckling of a beam 1s found to be more if
[Feb2013]

(A) the breadth of the beam is large.

(B) the beam material has large value of
Young’s modulus.

(C) thelength ofthe beam is small.
(D) the depth of the beam 1s small.

The energy stored per unit volume of a
stramed wire 1s

(A) % (load) ~ (extension)

1Y
®) 3 (strain)?

(©) %Y(strain)2

(D) Stressx strain

Section : A

B HG B AR

—
i

—
[\

427N

1:2

5 x 10" N/m?

1.248 x 1011N/m?

1.791 W10'°N/m?

2.01 5J0’N

16 x 105 %

6.24 mm

L 2496x10™mu. 1248x10™

. 2536J)/m?
. 193-m6
. 5541000
13.

2.2 x 10* Pa

Section C

S EE I o A

2.6x10"

0.04561 m

8 x10'°N/m?

1.02x10*m

2:3°¢

42x108m? 5x10r’P42x 106N
2.6x10*

8.
9,

Section D

©).

IF
5.
9.

13.
17.
2:1,.(D)
25,
29.
33.
37.

4t

45.
49.

2 x 10° N/m?
6 x 10" N/m?

B)
B)
©
(B)

©
©
(A)
m

©
(A)
B)

2.
6.

10.
14.
18.
22,
26.
30.
34.
38.
42.
46.
50.

K 3.
® 7.

B) 11.
(©) 15.
(©) 19.
(C) 23.
B) 27.
(©) 31.
(C) 35.
(A) 39.

(B) 43

M 4. (B)
B) 8. (©
(A) 12. m

(©) 16. (D)
(A) 20. n

(©) |24.(B)
B) 28. (C)
(©) 32. (A)
(D) 36. (O
(D) 40. (D)
(D) 44. (B)

(D) *47. (B) 48. (A)
(A) 51. M 52. (O)




