The materials having a definite shape and volume are known as solids or rigid bodies.
They are of great importance for us as they are used in constructing buildings, bridges,

railway tracks, automobiles, artificial limbs, electric poles, wires, ropes, ete. But in
reality, these bodies can be deformed on applying force on them. Our aim is to study
these materials under loads or forces and their mechanical properties. e.g. elasticity,
plasticity, stress and strain ete., in this chapter.

MECHANICAL

PROPERTIES OF SOLIDS

|TOPIC 1

Elastic and Blastic
Behaviour of Solids

ELASTIC BODY AND ELASTICITY

A body that returns to its original shape and size on the removal of the
deforming force (when deformed within elastic limit) is called an elastic body.
Quartz fibre, ivory ball and phosphor bronze are the elastic bodies.

The property of matter b}' virtue of which it regains its (Jriginal s}:apc and size,
when the deforming forces have been removed is called elasticity. e.g. If we
strerch a spring, and release, then it will regain its original size.

PLASTIC BODY AND PLASTICITY

A body that does not regain its original shape and size even after the removal of
deforming foree, is called a plastic body. Putty, paraffin wax, mud and quartz
are nearly perfectly plastic bodies.

The property of a hnd}r hy virtue of which it does not regain its (}rigina] shapc
and size even after the removal of deforming force, is said to be a plasticity. e.g.
If we streech a piece of chewing gum and release, it will not regain its original
shape and size.

MNote

+ Al rigid bodies are elastic to some axtent, which means we can change their dimensions
slightly by pulling or pushing, them.

* No body is perfectly elastic or perfectly plastic. All the bodies found in nature lie between these
two limits. When the elastic behaviour of a body decreases, its plastic behaviour Increases.
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W Deforming Force
A force acting on a body, instead of producing a change in its
state of rest or of uniform mation, produces a change in the
shape of the body, such a force is called deforming force.
A rigid body can be noticeahly stretched, compressed, bent or
twisted by applying a suitable force. So, that a body can be
deformed by a force. This can be easily shown by stretching a
rubber band or by loading a spring.

Elastic Behaviour of Solids

The atoms in a solid are held together by interatomic or
intermolecular forces. These forces keep solid in a stable
equilibrium position. When a solid is deformed, the atoms
or molecules are displaced from their equilibrium positions.
Thus, deformation causes changc in Interatomic or

intermolecular distances.

On removing deforming forees, the interatomic forces tend
to drive the displaccd atoms or molecules to their origina|
:quﬂibrium positions.

Spring Ball Model of Solids

Atoms in a solid may be regarded as mass points or small
balls connected in three-dimensional space thmugh springs.
Then, springs represent the interatomic forces of atrtraction

between balls. This is called spring ball model of a solid as

shown in Egur:.

Spring ball model for explaining
elastic behaviour of solids

MNormally, the balls occupy the positions of minimum
potential energy or zero interatomic force. When any ball is
displaced from its equilibrium or mean position, the various
springs connected to it exert a restoring force on this ball.
This force tends to hring the ball to its cqui|ibrium position.

It shows the elastic behaviour of solid in terms of
microscopic nature of the solid. Robert Hook, an English
Physicist performed an experiment on springs and found
that the clongation pn:iduccd ina body 15 pn:l-partional to
the applicd force or load.

STRESS

When a dcforming force is applicd ona bu-dy. it changcs the
canﬁgumtiun of the hn::ly by changing the normal positions
of the molecules or atoms of the body. As a result, an
internal restoring force comes into play which tends to

bring the body back to its initial configurarion.

The internal restoring force acting per unit area of a

deformed body is called stress.
Restoring force (F) J

Le. Stress =
Area of cross -section (A)

If there is no permanent change in the configuration of the
body i.c. in the absence of plastic behaviour of the body, the
restoring force is equal and opposite to the external
deforming force applied. Thus, quantitarively, stress can be

given as
. . External deforming force
Stress, 5 =

Area of cross-section

Units and Dimensional Formula of Stress

Its S unir is N/m > or pascal (Pa) and in CGS system unir is
dyne/em ?_ The dimensional formula of stress is[ML_] T _1]

MNote

+ Siress is not a vector quantity - Since, unlike a force, the stress cannot
be assigned a specific direction.

+ Breaking stress is constant for a material.

On the basis of applicd forces on the b-ady, the stress can be

classified as

1. Normal Stress or Longitudinal Stress

It is defined as the restoring force per unit area, acts

pcrpcndicular to the surface of the bu-d)-'. It is of two types

(i) Tensile Stress
When two equal and opposite forces are applied at the ends

of a circular rod as shown in Fig. (a) to increase its length,

then a restoring force equal to the applied torce F
normal to the cross-sectional area A of the rod comes into
existence. This restoring force per unit area of cross-section
is known as tensile stress.

F
Tensile stress = —
A

In case of tensile stress, there is increase in length of a body.
Consider a rod of lcngth L, the two cqual forces F are
appli:d in the direction as shown in ﬁgur:, then the final
lcngth of the rod becomes L+ AL,




Thus, increase in length of the rod is AL
F
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~
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Tensile stress on a circular rod

(ii) Compressive Stress
When two :qua] and opposite forces are applicd at the ends

of a rod as shown in Fig. (b) to decrease its length or
compress it, then again restoring force equal to the applied
force comes into existence. This restoring force per unit area
of cross-section of the rod is known as compressive stress.

. . F
[.DIIIPIC!!I'\-’C stress = E

In case of compressive stress, there is decrease in length of a
body. If a rod of length L, the two equal forces F are applied
in the direction as shown in figure , then the final length of
the rod becomes L = AL Thus, decrease in length of the rod

M .LF
1 1

Compressive stress on a circular rod

Under tensile stress or compressive stress, the net force
acting on an object is zero bur the object is deformed.

Note
Tensile siress or compressive stress is also termed as longitudinal
stress.

2. Tangential or Shearing Stress

When a dcforming force acts tangcntia“y to the surface of a
body, it produces a change in the shape of the body without
any change in volume. This tangential force applied per

unit area of cross-section is known as ta.ngenti:l stress.

F
Erangcntial SIress = EJ

In case of tangential stress, the deforming force Fis applied
on top surface of the cubical body in tangential direction

due to which the upper face is deformed by an angle 8 from

15 ariginal position as shown in ﬁg14rc.

A

Deforming force on the surface of a body

3. Hydraulic or Bulk Stress

If a body is subjected to a uniform force from all sides, then
the cu:lrn:spunding stress is called h}'drau]ic stress or bulk
stress. There is a clungc in volume of the body but not
change in geometrical shape.

Bulk stress = £
A

In case of hydmulic stress, the force F s applicd
perpendicular to every point on the surface of body due to
which the change in volume AV of a body occured.

vﬂ

(Bodies outside the fluid)

(Bodies immersed in a fluid)

Hydraulic stress on different surfaces

Note

= The hydraulic siress is also known as volumeiric siress.

+ The effect of stress is o produce distortion or change in size, volume
and shape (i.e. configuration of the body).



EXAMPLE |1| Stress in a Wire
Calculate the value of stress in a wire of steel having radius
of 2 mm of 10 kN of force is applied on it.
Sol. Force, F =10kN=1x10* N
Radius, r = 2mm= 2x10" m
Area, A =mr’ = nx(2x107%)*
=12.56x10"° m*

Force 1%10° N
Stress = = ——
Area 1256107 m
=0.0796 x 10"

=7.96x%10* N/m*

EXAMPLE |2| Flying tackle
A man carrying mass M = 125 kg makes a flying tackle at
v, =4m/s on a stationary quarterback of mass m =85 kg
and his helmet makes solid contact with quarterback’s
femur.

(i) What is the final speed of two athletes immediately
after contact and also determine the average force
exerted on the quarterback’s femur, when last collision
occur at 0.100 s?

(ii) If area of cross-section of quarterback’s femur is
5 x 10~ m’, then estimate the shear stress exerted on
femur in the collision.

Sol
(i) Here, M=125 kg, v, =4 m/s, m =85 kg
Applying, conservation of linear momentum, we get
Pinitiad = Phiat 1-6. Mv; =(M+m)v,
The value of final speed
_ My, 125%x4
YIS M+m (125+85)
(ii) Average force exerted to the quarterback’s femur
So, F xAt=M(vs—v,)
_Mvy-vy)

av T

125 (4 — 2.38)
At 0.1

o 125)(1'62=2.03X10’N
01

Le.

F  203x10°
Shearing stress = —= ———— = 406 x10° Pa

A sx0™t

STRAIN

When a deforming force acts on a body, the body
undergoes a change in its shape and size. The rario of the
cl'lang: in cunﬁguratinn of the hud}r to the urigin:-ﬂ
configuration is called strain.

Strain =

Changc in cunﬁguratiﬂn
Original configuration

If there is a change in any of the configuration of the body
due to the applied deforming force on it, then the body is
said to be strained or deformed.

Strain is the ratio of two like quantidies, so it has no unit
and dimension.

According to a change in configuration i.c. change in
length, volume or shape of the body, the strain can be
classified as

1. Longitudinal Strain

Itis defined as the change in length per unit original length,
when the body is deformed by external forces.

Change in length _AL ]

Longitudinal strain = =
[ ongitudinal strain Original lengrh 7

EXAMPLE |3| Percentage Strain in Rod

Consider a steel rod having radius of 8 mm and the length
of 2m. If a force of 150 kN stretches it along its length,
then calculate the stress, percentage strain in the rod if
the elongation in length is 7.46 mm.

Sol. If the rod stretches along its length, then the stress
produced is the tensile stress whereas the strain
produced is longitudinal strain.

Radius, r =8 mm=8x10" m, Length, L=2m
Force, F =150kN =15x10* N
Area, A=mr’ = x(8x107°)* = 20110 m*

AL =746 mm=7.46x10"" m, Percentage strain = ?

Stress = £ = 15X100__ o 0746 %10 N/m?
A 201x107°
=7.46x10" N/m*
X
Longitudinal strain = % = 2621—0 =373x 107

Percentage strain = 3.73x10™° X100 = 0.37 %
2. Volumetric Strain

It is defined as the change in volume per unit original
volume, when the body is deformed by external forces.

Change in volume ﬂ.l—’]
Unglnal volume IV J

[Vulu metric strain =

EXAMPLE |4| Volumetric Strain in a Cube
Consider a solid cube which is subjected to a pressure of
6 % 10° N/m?. Due to this pressure, each side of the cube

is shortened by 2%. Find out the volumetric strain of the
cube.



Sol. Let L be the initial length of the each side of the cube.
Volume,V=Lx LxL=L
= Initial volume (V; say)
If the each side of the cube is shortened by 2%, then final
length of the cube = L — 2% of L

=(L—£)=L(l—i
100 100

DY 2 Y
Final volume, V, =L (l———-) =V(l——-)
100 100

3
Change in volume, AV =V, -V, =V [1 - 1%.0) -V

[ (1 =x)" =1—nxfor x<<1]

. Volumetric strain = % =1-0.06—-1=0.06

(take positive sign)
3. Shear Strain

If the deforming forces produce a change in the shape of the
body, then the strain is called shear strain. Within elastic
limit, it is measured by the ratio of the relative displacement
of one plane to its distance from the fixed plane. It can also
be measured by the angle through which a line originally
perpendicular to the fixed plane as shown in figure.

Consider a cubical body which gets deformed under the
effect of tangential force F. The vertical planes ADEG and
BCFH are laterally shifted to positions AD'E'G and
BC'" F' H respectively through an angle 8. If AD =1 and

EE" = AL (change in perpendicular distance of the
displaccd surface from the fixed surface ADEG)

AL
[
E F F F
o A
’!’f :" ih Jff rr:
TD o | cic |}
A I B
Shear strain
The anglt 0 is called anglc of shear.
AL
Shear strain (8) = tan B = T

If L = 1m, then shear strain = AL

So, shear strain is the relative displacement between two
parallel planes, a unit distance apart.

The strain is the ratio of two like quantities, i.c. the change
in dimension to the original or initial dimension, it has no
unit or dimensional formula.

Note

+ The strain produced in a spring is longitudinal as well as shear if the

spring is stretched by suspending a load at its free end.
+ The strain persists even when the stress is removed and thus lags

behind the stress.

EXAMPLE |5| A Cubical Body Gets Deformed
If the angle of shear is 30° for a cubical body and the
change in length is 250 cm, then what must be the volume
of this cubical body?
Sol. Given, angle of shear = 30°
and change in length AL = 250 cm=25m
2.5

Shearstrain,tan9=% =5 tanSo°.-.T

tan 30° 0.577

Volume, V = L* =81.309 m*

HOOKE'S LAW

From the experimental investigations, Robert Hooke, an
English physicist (1635-1703 AD) in 1679 formulated a
law known after him as Hooke's law which stares char,
the extension pn:iduccd in the wire is din:crly prcpurtianal

to the load appli:d within defined limit of :lasticiry.

Sa,
Later on, it was found thart this law is applicablc to all types
of deformations such as compression, bending, twisting
etc., and thus a modified form of Hooke's law was given as
Within clastic limit, the stress developed is directly
pmpnrtional to the strain pmi:luccd na budy.

[ extension o< load applicd ]

Le.  Stress ec Strain = Stress = £ X Strain

Stress

or F=

Strain
where Fis a constant and is known as modulus of elasticity

of the material of the hu-dy.

EXAMPLE |6| Hooke's law
After a fall, a 95 kg rock climber finds himself dangling
from the end of a rope that had been 15 m long and 9.6 mm
in diameter but has stretched by 2.8 cm. For the rope,
calculate.

(i) the strain, (ii) the stress and

(iii) the modulus of elasticity.



Sol Here, L =1500 cm is the unstretched length of the rope,

AL = 2.8 cm is the amount of length stretches.
28 em
1500 ¢m

Stress = Forcel Area

AL _
Thestrn.in:T= =19x107"

¥

The material of the wire in the region OB shows the
elastic behaviour, hence known as elastic region.

Elastic Limit

Elastic limit is the upper limit of deforming force up to which, if
deforming force is removed, the body regains its original form
completely and beyond which if deforming force is increased,
the body loses its property of elasticity and gets permanently

Force, F =force of gravity on the rock climber
=mg="95=98N
2 2
D 96 _
Area, A=nri=1x [—] =n x[—xm 3m]
2 2
05 x 08
Stress= ————— =129x10" N/m*
T (48)° =107
St 13107
Hence, E o e R = 6.84 %10 N/m*
Strain  1.9x107

STRESS-STRAIN CURVE

When a wire is stretched by a load as in Fig. (a), it is seen
that for small value of load, the extension produced in the
wire is proportional to the load.

Hence, stress o< strain

Elastic limit or
Yield point

Fraciure
point

[
B~ Plastic deformation
¥
T Propartional imit
v { “Plastic behaviour
1 ]
1] ]

Siress —s

Elastic behaviour
[}
'.j;,_-- Permanant set

+

Load = mg
@)

0<1% Strain —s

(b)

A typical stress-strain curve

(i) In drawing, a stress vs strain graph, the stress is found
to be proportional to strain (% clongation) up to
point A. Thus, Hooke’s law is fully obeyed in this
region, the point A is known as point of proportional
limit.

(ii) When stress is increased beyond A, then for small

stress, there is a large strain in the wire upto point B.
(iii) When the load is gradually removed between points

() to B, the wire return to its original length.

The wire regains its original dimension only when

load applicd is less than or cqua] to certain limit. This

limit is called elastic limit. The point B on stress-strain

curve is known as elastic limit or }'ield point.

deformed. Elastic limit is the property of a body whereas
elasticity is the property of material of a body.

(iv)

(v)

Mote

If the stress or load increases beyond point B, the strain
further increases. This increase in strain represented
by BC part of the curve. Now, if the load is removed,
the wire does not regain its original length. Bur the
increase in the length of the wire is permanent.

In other words, there is permanent strain cqual to
06)" in the wire even when the stress is zero.

This permanent strain in the wire is known as
permanent set.

Now, as the stress beyond Cis increased, there is large
strain in the wire. This large increase in the strain for
small stress is Icprcscntcd hy CD part of the curve.
The wire breaks at point D which is also known as

fracture point.

The material of the wire from point C to point D
shows the plastic behaviour or plastic deformation.
The stress needed to cause the actual fracture of the
material is known as breaking stress or ultimate
tensile strength.

* Hooke's law is valid only in the linear portion of the siress-sirain curve.
The law is not valid for large values of strain.

+ Elastic limit and limit of proportionality are very close to each other, so
that Hooke's law s nearly applicable upto elastic limit.

* In the yiald region, strain is 15 to 20 times those that takes place upto
the proportional limit occur during yielding.

Breaking Stress of Some Materials

Material Breaking stress (in Nrn'z]
Alumninium 22x10*
Iron 30x10®
Brass 47 x10%
Phosphor bronze s6x10%
Steel 5 to20x 107
Glass 10% 10




On the basis of elastic and plastic properties, materials can
be classified in two ways.

(i) Ductile Materials

The materials which have large plastic range of extension
are called ductile materials. As shown in the stress-strain
curve, the fracture point is widely separated from the elastic
lirmit.

Such materials undtrgo an irreversible increase in lcngth
before snapping. So, they can be drawn into thin wires e.g.

copper, silver, iron, aluminium, etc.

Breaking

point

Stress —

Q

Sirain —=

Stress-strain curve for a
ductile material

(ii) Brittle Materials

The materials which have very small range of plastic
extension are called brittle materials. Such materials break
as soon as the stress is increased beyond the elastic limir.
Elastic limit
A D
Breaking
poinit

Stress —s

Strain —=
Stress-strain curve for a brictle material
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Their breaking point lies just close to their clastic limit, as
shown in figure e.g. cast iron, glass, ceramics, etc.

Malleability

Compression —»

J/ Elastic
' limnit

<«— Applied force

Load compression
curve for a metal

When a solid is mmpr:ss:d, a stage s reached b:yand
which it cannot regain  its nrigin:-ﬂ shap: after the
dcfarming force is removed. This is the elastic limit point
(A") for compression. The solid then behaves like a plastic
bady.

The yield point (B") obrained under compression is called
crushing point. After this stage, merals are said to be
malleable i.c. tl'lq«' can be hammered or rolled into thin
sheets. e.g. gold, silver, lead, erc.

Elastomers

The materials which can be clastic:-llly stretched to Lug:
values of strain are called elastomers. e.g. rubber can be
stretched to several times its original length bur sl it can
regain its nriginal lcngth when the applicd force is removed.

There is no well defined plastic region, rubber just breaks
when pu“cd 'ttycmd a certain limit. Elastic region in such
cases is very large, but the material does not obey Hooke's
law. In our body, the elastic tissue of aorta (the large blood
vessel carrying blood from the heart) is an elastomer, for
which the stress-strain curve is shown in Figu.rc.

LY 1.0
E
=
05
w0
1] 0.5 1.0
Sirain —s

TOPIC PRACTICE 1 |
OBJECTIVE Type Questions

1. The property of a body by virtue of which it
tends to regain its original size and shape of a
body when applied force is removed, is known as
(a) fluidity (b) elasticity
(c) plasticity (d) rigidity

Sol. (b) The property of a body, by virtue of which it tends
to regain its original size and shape when the applied
force is removed, is known as elasticity and the
deformation caused is known as elastic deformation.

2. Elasticity is shown by materials because
inter-atomic or inter-molecular forces
(a) increases when a body is deformed
(b) decreases when a body is deformed
(c) remains same when a body is deformed
(d) becomes non-zero when a body is deformed



Sol.

Sol.

Sol.

Sol.

(d) When a body is deformed, atoms/molecules are
displaced from their equilibrium positions (F =0). Asa
result, there is a force (F # 0) acts between them to
restore their position.

The maximum load a wire can withstand
without breaking, when its length is reduced to
half of its original length, will [NCERT Exemplar]

{a) be double {b) be half
(c) be four times {d) remain same
(d) We know that,

imum stress = Maximum force

Area of crosssection

When length of the wire changes, area of cross-section
remains same.

Hence, maximum force will be same when length changes.

A wire is stretched to double its length. The
strain is

{a) 2

(b) Strain =

{b)1 (c) zero
Change in length _ 2L — L
Original length L

(d) 05

=1

Stress-strain curves for
the material A and B are A
shown below

Then,

(a) A is brittle material
(b} B is ductile material
{c) Bis brittle material

{d) Both (a) and (b)

(c) Bis brittle as there is no plastic region. However, A is
ductile as it has large plastic range of extension.

Stress —

Sirain —

VERY SHORT ANSWER Type Questions

6.

Sol

Sol.

Sol

Two identical solid balls, one of ivory and the
other of wet-clay, are dropped from the same
height on the floor. Which will rise to a greater
height after striking the floor and why?

The ball of ivory will rise to a greater height because,
ivory is more elastic than wet-clay.

Is stress a vector quantity? [NCERT Exemplar]

No, because stress is a scalar quantity, not a vector quantity.
Magnitude of internal reaction force

Stress =
Area of cross - section

A thick wire is suspended from a rigid support,

but no load is attached to its free end. Is this wire

under stress?

Yes, the wire is under stress due to its own weight.

Stress and pressure are both forces per unit

area. Then, in what respect does stress differ
from pressure?

Sol.

10.

Sol.
11.

Sol.

12.

Sol.

Pressure is an external force per unit area, while stress is
the internal restoring force which comes into play in a
deformed body acting transversely per unit area of a body.

Which type of strain is there, when a spiral
spring is stretched by a force?
Longitudinal strain and shear strain.

What does the slope of stress versus strain
graph indicate?

The slope of stress (on y-axis) and strain (on x-axis)
gives modulus of elasticity.

The slope of stress (on x-axis) and strain (on y-axis)
gives the reciprocal of modulus of elasticity.

Is it possible to double the length of a metallic
wire by applying a force over it?

Nao, it is not possible because within elastic limit, strain
is only order of 107, wires actually break much before it
is stretched to double the length.

SHORT ANSWER Type Questions

13.

A steel cable with a radius of 1.5 em supports a
chair lift at a ski area. If the maximum stress is
not to exceed 10° §/m?, then what is the

maximum load the cable can support? [NCERT]

Sol Given, radius of steel cable{r)=15em=15%10" m

14.

Sol

Maximum stress = 10* N/m *
Area of cross-section of steel cable (A) = nrt
=3.14% (1.5% 1077y m?
=3.14x 225x 10~ m*

Maximum stress = Maximum force

Area of cross-section

or Maximum force = Maximum stress x Area of
cross-section

= 10% %(3.14x 2.25% 107N
=7.065x10" =7.1x 10' N

A wire of length 2.5 m has a percentage strain of
0.012% under a tensile force. Determine the
extension in the wire.

Here, original length, L = 25m

AL = Strainx L

. 0012
or AL =extension= —— x L
100

_0012%25
100
=3x%10" m

= 0.3 mm



LONG ANSWER Type I Questions

15. Two strips of metal are riveted together at their
ends by four rivets, each of diameter 6 mm.
What is the maximum tension that can be
exerted by the riveted strip if the shearing
stress on the rivet is not to exceed 6.9 x 10’ Pa?
Assume that each rivet is to carry one-quarter
of the load. [NCERT]

Sol. Diameter of each rivet, D = 6mm
D
Radius,r=-é-=3nm=3x10" m

Maximum shearing stress on each rivet = 6.9 10" Pa

Let w be the maximum load that can be subjected to the
riveted strip. As each rivet carry one-quarter of the load.

Therefore, load on each rivet = %

. . Maximum shearing force
Maximum shearing stress =
w/4 Ares
L 69x107 =——
nr
or w=69x10" x4nr’
or w=69x10" X4 x3.14 x(3x107°)
=69x4x314x9x10
=78x%10°N

16. Anvils made of single crystals of diamond, with
the shape as shown in figure are used to
investigate the behaviour of materials under
very high pressure. Flat faces at the narrow end
of the anvil have a diameter of 0.5 mm and the
wide ends are subjected to a compressional
force of 50000 N. What is the pressure at the
tip of the anvil? [NCERT]

Diamond conas Matal gasket

Sol Given, compressional force, F = 50000 N

Diameter, D =05mm=5%10" m
D
Ra.dius,r:;: 25x10 ' m

Force
Area

Pressure at the tip of the anvil (p) =

= F _ 50000
nrt 3.14% (25x 107°)

=25%x10" Pa

17. Abar of cross-section A is subjected to equal
and opposite tensile forces at its ends. Consider
a plane section of the bar whose normal makes
an angle 6 with the axis of the bar.
(i) What is the tensile stress on this plane?
(ii) What is the shearing stress on this plane?
(iii) For what value of 8 is the tensile stress

maximum?
(iv) For what value of 8 is the shearing stress
maximum?
Fsin®
M\ 3 ; Fcos®
F et emrmnnmsnnmmmm 559 ------------- T
N \O

Sol. (i) The resolved part of F along the normal is the tensile
force on this plane and the resolved part parallel to
the plane is the shearing force on the plane.

*» Area of MO plane section = A sec 6

Tensile stress = Force _ Fcos@

Area  AsecB
=£cosze vsecB= 1
A cos®
(i) Shearing stress applied on the top face
So, F=Fsin®
Shearing stress = Rovex = fil.1) = isinecos 6
Area Asecf A
F
=—sin 26 [ sin 26 = 2sinBcos 6)
2A

(iii) Tensile stress will be maximum when cos®8 is
maximum ie. cos =1 or 6=0°

(iv) Shearing stress will be maximum when sin20 is
maximum ie.sin 26 =1 or 20 = 90° or 6 = 45°.

LONG ANSWER Type II Questions

18. Two long metallic strips are
joined together by two
rivets each of radius 0.1 ecm
(see Fig.). Each rivet can
withstand a maximum shearing stress of
3.0 x10* Nm-2 Calculate the maximum
tangential force a strip can exert.

Sol. Let F be the tensile force applied. Since, each rivet
shares the stretching force equally, so the shearing force
on each rivet = F2.

If A is the area of each rivet, then shearing stress on

F
each rivet = A" Now, maximum shearing stress on each
strip =3.0x10% Nm™

F .
ie. +":= 3.0%10* Nm™



where, F_,, is maximum tangential force.

or F, =30x10°x2A4 =60x10*xnr’
r=0.1cm=01x10""
r=1x10"m

= F, =60x10" ><%x(1xlo")2 =1885N

19. Asteel wire of length 21 and cross-sectional area
A is stretched within elastic limit as shown in

figure. Calculate the strain and stress in the wire.

Sol. Total length [ = 2]. Increase in length of the wire, when
it is stretched from its mid-point.

ey Socum &), /2 srmecel Sacmoos o

From Pythagoras theorem, BC* = I* + x*
BC =+I* +x*

Similarly, AC =+I* +x*
Change in length of the wire

AL =(AC +CB)- AB =(J1= x4l 2t )—21
2\M2
=2 +x*) " -2l = 21[1 +’l‘—z) -2l i)
Since x << [, so using Binomial expansion, we have
2 13 2
x x
14— =[1+=—
[neglecting terms containing higher powers of x]

2 2
AL=2fi+—|-2=2
2l ]

. AL x* x?
Hence, strain = — = —— = —
L Ix21 2°
M,
T=2T,cos0 » T,=—=2— [+T=Mg]
2cos 6
x
Putting cos 0 =
le +x?
2\12

T, =.A_fg_(J’1 +x%)= M(l+x—2
2x 2x I

y 2
=~M—g’1+%~) [using (1+ x)* =1+ xx]

2 2
gl = %—)0 Thus, l+;—z-=l

Mgl
T, = Mgt
2x
Stress in the wire = ﬂ = ﬂ
A 2xA

Leniin] YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions

1. Elasticity is due to
(a) decrease of PE with separation between
atoms/molecules
(b) increase of PE with separation between
atoms/molecules
(c) asymmetric nature of PE curve
(d) None of the above

2. A uniform bar of square cross-section is lying along
a frictionless horizontal surface. A horizontal force
is applied to pull it from one of its ends, then

(a) the bar is under same stress throughout its length

(b) the bar is not under any stress because force has
been applied only at one end

(c) the bar simply moves without any stress in it

(d) the stress developed gradually reduces to zero at
the end of the bar where no force is applied

3. A spring is stretched by applying a load to its free
end. The strain produced in the spring is
(a) volumetric [NCERT Exemplar]
(b) shear
(c) longitudinal and shear
(d) longitudinal

4. A wire of diameter 1 mm breaks under a tension of
1000 N. Another wire of same material as that of the
first one, but of diameter 2 mm breaks under a
tension of
(a)500N  (b) 1000N  (c) 10000 N (d) 4000 N

5. 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



6. A uniform cube is subjected to volume compression. If
each side is decreased by 1%, then bulk strain is

(a)0.01  (b)0.06 () 0.02 (d) 0.03
Answers
1. © 2 (d) 3. (b) ‘ 4 (A 5. (0
6 (@

VERY SHORT ANSWER Type Questions

7. Following are the graphs of elastic materials. Which
one correspond to that of brittle material?

VR vay

Strain Strain I Strain
(a) (b) (c)

St

8. Metal wires after being heavily loaded do not regain
their lengths completely. Explain, why?

9. The breaking force for a wire is F. What will be the
breaking forces for two parallel wires of this size?

SHORT ANSWER Type Questions

10). A wire fixed at the upper end stretches by length [ by
applying a force F. What is the work done in stretching
the wire?

11. The ratio stress/strain remains constant for a small
deformation. What happens to this ratio, if deformation
is made very large?

12. A wire is replaced by another wire of same length and
material but of twice diameter.

(i) What will be the effect on the increase in its length
under a given load?

(ii) What will be the effect on the maximum load which
it can bear?

LONG ANSWER Type I Question
13. Show graphically the change of potential energy
and kinetic energy of a block attached to a spring
which obeys Hooke's law.

LONG ANSWER Type I Question

14. The stress-strain graph for a metal wire is shown
in figure. Up to the point E, the wire returns to
its original state O along the curve EPO when it is
gradually unloaded. Point B corresponds to the

fracture of the wire.
C
EA
' 7 B
w I"
g //
7 f
oo Strain —

(i) Up to which point on the curve is Hooke's law
oheved? This nnint is snmetimes ralled

pmﬁﬂrtiﬂnal.ity limit.

(ii) Which point on the curve corresponds to
elastic limit and yield point of the wire?

(iii) Indicate the elastic and plastic regions of the
stress-strain graph.

(iv) Describe what happens when the wire is
loaded up to a stress corresponding to the
point A on the graph and then unloaded
gradually. In particular, explain the dotted
curve.

(v) What is peculiar about the portion of the
stress-strain graph from € to B ? Up to what
stress can the wire be subjected without
causing fracture?



ITOPIC 2|

Modulus of Elasticity or Elastic Modulus

ELASTIC MODULUS

The modulus of :lasticity or coefficient of :lasticir_v of a
bady is defined as the ratio of stress to the corrcspunding
strain within the elastic limir.

Stress

Modulus of elasticity = -
train

Its SI unit is Nm™ or Pascal (Pa) and its dimensional
formula is [ML™'T ).
= Modulus of :lasticiry :lcpcnds on the nature of the
material of the hu-dy.

= Modulus of c|a.sricity of a bod)«' is indcpcndcnt of its
dimensions (i.c. length, area, volume etc.)

* Dimensional formula of modulus nfch.sn'city 15 same
as that of the stress or pressure,

There are three types of modulus of clasticity
1. Young’s Modulus of Elasticity

Within the elastic limit, the ratio of longitudinal stress to
the longitudinal strain is called Young's modulus of the
material of the wire.

Longitudinal stress

i.e. Young's modulus (¥Y) =
8 Longitudinal strain

, Tensile {or compressive) stress (@)
Young's modulus, ¥ = — -
Longitudinal strain (g)

Consider a wire of radius r and length L. Let a force F be
applied on the wire along its length i.c. normal to the
surface of the wire as shown in figure.

If AL be the change in length of the wire,

Longitudinal stress = F/A, where A is the

arca of cross-section of the wire.

Longitudinal strain = AL/L !
. Young's modulus, ¥
FlA FL . ] Al
- =— ...{1) :
ALIL AAL *

i “Area = A

F
Young's modulus
of elasticity

If the extension is produced by the load
of mass m, then F=mg

Here, wire has a circular elasticity. So, area of cross-section
of the wire,

A=nr’
From Egq. (i), it can be written as
__mL
T mrlAL
or Young's modulus, ¥ = }:L
mroAL

IfL=1m, A=1m? and AL=lm, then ¥ = F

Thus, Young's modulus of elasticity is equal to the force
requ.ired to extend a wire of unit lengl_h and unit area of
cross-section |:ry unit amount

Extension is proportional to the deforming force and length
of rod. Greater the force, largcr the deformation and |ang:r
the rod larger, the extension.

EXAMPLE |1] An Elongated Wire
If a wire of length 4 m and cross-sectional area of 2m? is

stretched by a force of 3 ki, then determine the change in
length due to this force. Given Young's modulus of
material of wire is 110 x 10° N /m®.

Sol. Given, area of cross-section, A = 2m"
F=3kN=3x10° N
Length, L=4m

Young's modulus, ¥ =110 % 10° N / m*
Change in length, AL =7

Force,

FL
Apply,  Y=-"7

FL  3x10® x4
= Al=—=———",=00545% 10" m
AY  2x110x10

AL =545x 10~ mm

EXAMPLE |2| Foucault Pendulum

In a physics department, a Foucault pendulum consists of
a 130 kg steel ball which swings at the end of a 8.0 m long
steel cable having the diameter of 3.0 mm. If the ball was
first hung from the cable, then determine how much did
the cable stretch?

‘(- The amount by which the cable stretches depends on
¥ the elasticity of the steel cable. Young's Modulus for steel
is given as Y =20 x 108 N/m?



Sol Given, Diameter, D =30mm=30x10"" m
Length, L = 80m; Mass, m =130 kg

The area of cross-section of the cable
A=mr’ = ax(15x107° )Y =7065%10* m*®

Thus, F=w=mg=130x98
F=12T4 N
The change in length
Y=Stress - F /A — ﬂ.L=E
Strain  AL/L AY
AL= 3]]):1274 n =072 m = 720 mm
TO65 10 = 2010
EXAMPLE |3| Finding Young's Modulus

The ball of 200 g is attached to the end of a string of an
elastic material (say rubber) and having length and
cross-sectional area of 51 cm and 22 mm’, respectively.
Find the Young's modulus of this material if string is
whirled round, horizontally at a uniform speed of 50 rpm
in a circle of diameter 104 cm.

Sol Mass of the ball, M = 200g =0.2 kg

Area of cross-section, A = 22mm* = 22x10™* m*

Length of the string, [ =51 cm=051m
Revolution per second, = 50 x 60 rps = 3000 rps
Certain petal force, F = mr® =02x052% (zrx N)*

F =3695x10° N
The change in length Al
Al = radius of the circle — length of the string
=052-051
Al=001m
Young's modulus of the material
_F 1 _3695x%10" , 051

Ve = 2T w2 = 8567 10" Nm™
AAl 22x10™® 001

Determination of Young’s Modulus
of the Material of a Wire

A simple experimental arrangement used for the
determination of Young’s modulus of the material of a wire
is shown in Fig. (a).

Constructional Details

The experiment consists of two long straight wires of same
length and equal radius suspended side by side from a fixed
rigid support. The wire A, called the reference wire, carries
a main milliammeter scale M and below it a heavy fixed

load. This load keeps the wire tight and free from kinks.

The wire B, called the experimental wire, carries a Vernier
scale at its bottom.

The Vernier scale can slide against the main scale artached
to the reference wire. A hangcr is attached at the lower end

of the Vernier scale. Slotted halfkg wcights can be slippcd

into this h:-l.ngl:r.
[

(a)
Experimental arrangement for the
datermination of Young's modulus

Observations
With the hclp of a screw gauge, the radius of the

txp:rim:ntal wire is measured at several pl:;n:cs. Let r be the
initial average radius and L be the inital lcngrh of the
experimental wire.

A small initial load, say 1 kg, is put on the hanger. This
k::ps the :xpcrimcnral wire straigl'lr and kink free. The
WVernier scale reading is noted. A half kg weight is added 1o
the ha.ngcr. The wire is allowed to l:h:l-ngarc for a minute.
The Vernier scale reading is again noted.

The difference between the two vernier rcadings gives the
extension produced due to the extra weight added. The
wcight is graduall}«' increased in few steps and every time we

note tI.'lC extension pmduccd.

. . 2
Area of cross-section of the wire B=mr

and stretching force = myg

A graph is plotted between the load applied and extension
produced. It will be a straight line passing through the
origin, as shown in Fig. (b).

:
&
1)
Load —»
Load-extension graph
(b)



Mathematical Interpretation

Let M be the mass that produced an elongation AL in the

wire. Thus, the applied force is equal to Mg, where g is the

due to gravity. The slope of the
L

acceleration

load-extension line = tan 8= —

Mg

M,
£ and longitudinal strain = —
nrt L

Longitudinal stress =

The You ng’s modulus of the material of the cxpcrimcnt:-ll
wire will be

_ Longirudinal stress — Mg L L
a Longitudinal strain a o AL a nrltan®

Thus, ¥ can be determined.

Young's modulus, ¥ = B % !
ol Slope of the graph

EXAMPLE |4| Elongation of Copper Wire

A copper wire is stretched by 10 N force. If radius of wire
decreases by 2%. How will Young's modulus of wire be
affected?

Sol Since, Young's modulus depends only on the nature of
material and not on its dimensions. So, the value of
Young's modulus of the copper wire is not changed
when its radius decreases. Thus, Young's modulus of
the wire remains the same.

2. Bulk Modulus of Elasticity

Within the elastic limit, the ratio of normal stress to the
volumetric strain is called bulk modulus of elasticity. In
other words, the ratio of hydraulic stress to the hydraulic
strain is called bulk modulus.

Consider a body of volume Vand surface area A. Suppose
a force F acts uniformly over the whole surface of the
body and it decreases the volume by AV as shown in
figure.
The Bulk modulus of clasticity is given by

_ Normal stress FlA

~ Volumetric strain = AVIV

Bulk modulus of elasticity

-F V

- Bulk modulus, B=——

A AV

v
=3 Bulk modulus, B=-—
u IM:Auins QV

F
where, p =; is the normal pressure.

Note

* Megative sign shows that the volume decreases with the increase in
stress. But for a system in equilibrivm, the value of bulk modulus is
always positive.

* Bulk modulus for a perfect rigid body and ideal liguid s infinite.

Compressibility

The reciprocal of the Bulk modulus of a material is called its

ccmpn:ssibi“ry.

Compressibility, &= —1 = ﬂ
B pV

SI unit of cumprcssibi“r_r,r =N"'m?
CGS umit champr:ssibility = r_l)«'nt_jcm}'

The dimensional formula of compressibility is [M_lLT : ]
EXAMPLE |5| Volumetric Analysis

What will be the decrease in volume of 100 cm® of water
under pressure of 100 atm if the compressibility of water is

4x%107 per unit atmospheric pressure?
1

Sol Bulk modulus (B) = — > -1
Compressibility &
1
410
=0.25%10° x1.013x10° N/m*
=2533x10° N/ m?*

=0.25%10°atm

s

Volume, V =100cm® =107 m*

Pressure, p =100atm =100x1.013x10° N/m*

=1013%x10’N /m™
1 AV
Now, apply —=k = —
pply B oV
7 -
AV=_;i=l.013x10 x:o
B 2533%10

AV=04x10"m*=04cm®

3. Modulus of Rigidity or Shear Modulus

Within the elastic limit, the ratio of tangential stress (shear
stress) to shear strain is called modulus of rigidity. It is
denoted as G or 1. Let us consider a cube whose lower face is
fixed and a tangent force F acts on the upper face whose area
is A, as shown in figure.



- [Tangcmi:ﬂ stress (shear stress) = EJ

Let the vertical sides of the cube shifts lhruugh an anglc ,

called shear strain.

s Modulus of rigidiry is given b}r

Tang:ntial stress (shear stress)

Nor (7 = - -
Shear strain

]
P v
¥ Il
[ i
H
=i
¥
i

L E,‘
F IE" C

Accarding to dia.gmm, by disp|acing its upper face thruugh

distance 44" = AL
AB=DC=1[ and &~ ABA"' =8,

Let
_FIA_F

T e

AA" AL

Shear strain, B=ranf=
AB L

[Sh:ar modulus, 1= L }
A AL

EXAMPLE |6| Shear Deformation Under Action of

Tangential Force

Sol. Given, modulus of rigidity, n= 2x10" dyne/cm*

H ,,H G _IE'E_._ F
1 A
A I
E 1 d F "I" o h
=1 FiF L
i H ] H
1} i
Bcm Qf- ] 7 [
| o
1 A II II

Side of the cube, | = 8cm
Area, A =" = 64cm”
Force or load, F =300 kgf = 3001000 % 981 dyne

F
As, =—
n Af
F
=5 G=—0o
An
e=3mxlmm<':31 = 0.23 rad
64 x 2x10
F I
As =
n A Al
Al
= — =
!
=2 Al=18=8x023
Al=184cm

EXAMPLE |7| Shear Modulus is Less than Young's

Modulus
The shear modulus of a material is always considerably

smaller than the Young's modulus for it. What does it
signify?
Sol. nof a material is smaller than its Y. As, we know

that it is easier to slide layers of atoms of solids over
one another than to pull them apart or to squeeze

Consider an Indian rubber cube having modulus of rigidity
them to close together.

of 2x10" dyne/cm® and of side 8 cm. If one side of the
rubber is fixed, while a tangential force equal to the weight
of 300 kg is applied to the opposite face, then find out the
shearing strain produced and distance through which the

strain side moves.

Note
* Shear modulus for ideal liquid is zero.
= A solid has all types of moduli of elasticity i.e. ¥, B and n. But fluids

(i.e. liguids and gases) has only Bulk modulus of elasticity.



Stress, Strain and Various Elastic Moduli

Types of ! Change in Elastic Nameof  State of
§.No. stress Swess Grain Shape Volume modulus modulus Matter
1. Tensile or Two equal and opposite  Elongation or Yes Mo Y=(FxL)f Young's Solid
compressive  forces perpendicular to compression parallel to (A= AL) modulus
opposite faces (o = F/A) force direction (ALSL)
{longitudinal strain)
2. Shearing Two equal and opposite  Pure shear, 8 Yes Mo G=(F=8yA Shear Solid
forces paraliel to modulus
opposite surfaces
{forces in each case)
such that total forces
and total torque on the
body vanishes
(o, =FIA)
3. Hydraulic Forces perpendicular Volume change No Yes B==p(aViV) Bulk Salid,
everywhere to the (compression or modulus liquid and
surface, force per unit elongation) (AV/V) gas

area (pressure) same

everywhere

POISSON’S RATIO

When a wire is loaded, its length increases but its diameter

decreases. The strain produced in the direction of applied

force is called ]ung:itul:l.inal strain and strain pmduccd in the

perpendicular direction is called lateral strain.

Within the elastic limit, the ratio of lateral strain to the

longitudinal strain is called Poisson’s ratio.

Let the lcngth of the loaded wire increases from L to

L+ A L and its diameter decreases from D to D = AD.
AL

Poisson’s ratio is a constant providcd a material remains
clastic, homogeneous and isotropic in nature.

EXAMPLE |8| Poisson’s Ratio

A material having Poisson's ratio 0.2. A load is applied on
it, due to which it suffers the longitudinal strain
3.0x107°, then find out the percentage change in its
volume.

Sol Given, Poisson’s ratio, g = 0.2

Longitudinal strain = ﬁTL= 30107

Longitudinal strain = — —
L . ADID —AR/R
Do As, g=— or 0=
Lateral . _=AD : i ALJL ALJL
eral strain = Lo AR AL .
: E = —=—0X—=—06X10
Poisson's ratio G Lareral strain oL R L
olsson s ratio @ = P _ g2
Longitudinal strain Lo Volume, ¥ = nR°L
Lo Then, percentage change in volume,
_—_aDID i : ﬂ"I'J’)-cll:m = —M'R+£”“ * 100
ALIL Ly v 1\ T
oo _ _ 3 -3
b ' . _I AD i E;‘u‘_ =[2x(-06x107 )+30x107" | =100
olsson s ranoe, F=———— [ =018 %
D AL P 1
Th ive sign indi h o .
:1 ncg'atw: sign m:hcat:s't at ‘ Moy ! v Relation between Y, B, n and ¢

longitudinal and lateral strain are in Poisson's ratio . - . o

opposite sense, it has no unit and The different elastic constants exhibit the following relationship.

dimensions. mys= ggﬂ ;“2'-"}' (i) ;= 2]-'1 ﬂ; a)

(i) @ = === ) ===+=
i) o 5 i v B+ ;.

=1l<a<05 for theoretical purpose
0<a<05 for practical purpose



FACTORS AFFECTING
ELASTICITY OF MATERIAL

The Follnwing factors affect the cla_sticity of a material

(i) Hammering and mllmg In both of these processes,
the crystal grains are broken into small units and the
elasticity of the material increases.

(11) A..nnealin.g This process result in the formation of
larg:r crystal grains and :lasticir}r of the material
decreases.

(iii) Presence of impurities Dcpcnding on the nature of
impurity, the clasticil}r of material can be increased or

dCCICQSCEL

(iv) Temperature Elasticity of most of the materials
decreases with increase in the temperature but
elasticity of invor steel (alloy) does not change with
change of temperature.

Elastic After Effect

When the dcfurming force is removed from the elastic
bodies, the bodies tend to return to their respective original
state. It has been found thar some bodies return to irs
original state immediately, others take appreciably lnng
time to do so. The delay in regaining the original position is
known as elastic after effect.

Note

A guartz fibre returns immediately to its nomal state, when the
twisting torque acting on it ceases to act. On the other hand, a glass
fibre will take hours to return to its original state.

Elastic Fatigue

The elastic fatigue is defined as the loss in the strength of a
material caused due to rcpcatcd altcrnating strains to which
the material is subjcctcd

e.g. A hard wire can be broken by bending it repeatedly in
oppuosite directions, as it loses strength due to elastic fatigue.
For the same reason, the railway bridges are declared unsafe
after a rcasunahl)-' long p:riod to avoid the risk of a

misl‘uppcning.

ENERGY STORED IN A
DEFORMED BODY

When a wire is stretched, interatomic forces come into play
which oppose the change in configuration of the wire.
Hence, work has to be done against these restoring forces.
The work done in strctching the wire is stored in it as its
elastic pottntial energy.

Let a force F applied on a wire of length L increases its
length by AL. Initially, the internal restoring force in the

wire is zero. When the length is increased by AL, the
internal force increases from 0 to £ ( applied force)

' Average internal force for an increase in |tng1:h

0+F F

2

AL of wire =

Work done on the wire,

W = Average force x Increase in lcngth

F
=—ux AL
2

This work done is stored as elastic pﬂtcnti.ﬂ energy {Jin the
wire,
1 1
= 3 FxAL= 3 Stretching force x Increase in length

Ler A be the area of cross-section of the wire.

Then,

Elastic patcntia| energy,

[U = 21 Stress x Strain x Volume of wirc]

Elastic potcntial energy per unit volume of the wire or
elastic energy density is

L= = — Stress x Strain
Volume

But SIress = Young’s maodulus = Strain

Elastic energy density,

[u = El You ng's modulus = (Strain) IJ

EXAMPLE |9| Elastic Potential Energy of a Wire
When the load of a wire is increased from 3 kg wt to
5 kg wt, the length of that wire changes from 0.61 mm to
1.02 mm. Calculate the change in the elastic potential
energy of the wire.
Sol Here, F, =3kg-f =3x98N = 294N
Al =06l mm=61%10""m
F,=5kg-{ =5x98=49N
Al, =102 mm =102x10" m

29.4x6.1x107"

U =L1F AL = =8.96x107]
2

1 49%102x%107°
and U, =3F2-M'2 =
=2499%107"]
*. Change in elastic potential energy of the wire,
AU=U,-U,
= 2499x10

896 %107 = 1603 %1070 ]



APPLICATIONS OF ELASTIC
BEHAVIOUR OF SOLIDS

(i) Any metallic part of a machinery is never subjected toa
stress beyond the elastic limit of the material.
In case, the metallic part of the machinery is subjected
to a stress beyond the elastic limie, it will get

permanently deformed and hamper its working.

(ii) The thickness of metallic ropes used in cranes to life
and move heavy weights is decided on the basis of
the clastic limit of the rope and the factor of safety.

Note

Factor of safety also known as Safety Factor (SF), is a term describing
the structural capacity of a system beyond the expected loads or
actual loads.

(iii) In designing a bridge or beam that has to be designed
such that it can withstand the load of the following
traffic, the force of winds and its own weight. In both
cases, the over coming of the problem of bending of a
bridge or beam under a load is of prime importance.
The bridge or beam should not bend too much or
break.

Consider a beam of length / and of rectangular
cross-section having breadth 4 and depth 4. When the
beam is loaded in the middle with a load w, then it gets
depressed by an amount 8 given by

wl?
4 Ybd®

where, ¥'=Young’s modulus of elasticity.

Depression its beam, 8 =

Since, the value of depression 8 varies inversely as its

breadth (4) and as the cube of its depth (d), the
depression can be reduced more effectively by
increasing the depth of the beam rather than
increasing its breadth.

K Bending Resistance and Elastic Modulus

A beam can support load by producing resistance against
bending. Larger the bending resistance, greater the load bearing
capacity. So, the bending resistance is directly proportional to
elastic modulus of the material, shape of the cross-section of
beam and ultimate stress of the material.

(iv) Maximum height of a mountain on carth (-10 km)
can be estimated from the elastic behaviour of earth.
A mountain base is not under uniform compression
and this provides some shearing stress to the rocks
under which they can flow. To illustrate this,
consider a mountain of height A, the force per unit
area due to the weight of the mountain at its base is
hp g, where pis density of marterial of mountain and
g is the acceleration due to gravity. The material ac
the bottom experiences this force in the vertical
direction. The clastic limit for a typical rock is

30 x 107 Nm ™. Equating this to /p g.

hpg=30x%107
hx3x10° x10=30x107
h=10 km

TOPIC PRACTICE 2|

OBJECTIVE Type Questions

I. Which of the following statements is

incorrect?

(a) Young's modulus and shear modulus are relevant
only for solids.

(b) Bulk modulus is relevant for liquids and gases.

(c) Metals have larger values of Young's modulus
than elastomers.

(d) Alloys have larger values of Young's modulus
than metals.

Sol. (d) Metals have larger values of Young's modulus than
alloy and elastomers.

2. When a pressure of 100 atmosphere is applied
on a spherical ball of rubber, then its volume
reduces to 0.01%. The bulk modulus of the
material of the rubber in dyne cm™ is

(a)10x10" (b)100x10" (c)1x10"”  (d)20x10"
Sol (c)1atm=10° Nm™
- 100 atm=10" Nm™ and AV = 0.01% V
AV
— =0.0001
V 7
B=—L =12 _ix10" Nm™=1x10" dy'—‘,f
AV /V 00001 cm
3. Modulus of rigidity of ideal liquids is
[NCERT Exemplar]
(a) infinity
(b) zero
(c) unity

(d) some finite small non-zero constant value



Sol (b) No frictional (viscous) force exists in case of ideal
fluid. hence, tangential forces are zero, so there is no
stress developed.

4. A material has Poisson’s ratio 0.5. If a uniform
rod of it suffers a longitudinal strain of 2 x 107%,
then the percentage change in volume is

(a) 0.6 (b) 0.4

(d)o.2 {d) zero

(d) As, the Poisson's ratio of material is 0.5, so there is
no change in volume.

Sol

5. The graph shows the behaviour g

of a length of wire in the region

for which the substance obeys
Hooke's law. P and ( represent

(a) P =applied force, Q = extension

(b) P = extension, Q = applied force

{c) P = extension, Q = stored elastic energy
{d) P = stored elastic energy, J = extension

Sol (c) The graph between applied force and extension will

be straight line because in elastic range,

Applied force = extension
But the graph between extension and stored elastic
energy will be parabolic in nature.

As, U=lk.1cz or [J e x?
2

VERY SHORT ANSWER Type Questions

6. What is the Young's modulus for a perfect rigid

body?
I

Sol. Young's modulus (Y) = i){ —_
A Al
For a perfectly rigid body, change in length Al =0
_'[’ - i - -
A 0

Therefore, Young's modulus for a perfectly rigid body is e=.

7. Ametal bar of length L, area of cross-section A,

Young's modulus Yand coefficient of linear
expansion o, is clamped between two stout
pillars. What is the force exerted by the bar
when it is heated through *C?

Sol ¥ =%, where | = LotAt and [ = change in length.
__ R _ F _ F
ALo At AocAr  AcAt
F = YAw-At

8. Awire increases by 107 of its length when a
stress of 10 Nm™ is applied to it. What is the
Young's modulus of the material of the wire?

Sol Given, AL =107 L, with L as the original length

Strain = & =10"" and Stress = i =10* N/m*

Y= Stress _ F/A
Strain  AL/L
&
Y= il =10" Nfm*

%

9. What is Bulk modulus for a perfectly rigid body?

Sol. Bulk modulus (B) = —£— = £X.
AVIV AV
For perfectly rigid body, change in volume AV =0
Y LA

Therefore, Bulk modulus for a perfectly rigid body is ==,

SHORT ANSWER Type Questions

10. A wire of length L and radius r is clamped
rigidly at one end. When the other end of the
wire is pulled by a force f, its length increases
by L Another wire of the same material of length

21 and radius 2r, is pulled by a force 2f. Find the
increase in length of this wire.
=r3- In this problem, we have to apply Hooke's law
% and then elongation in each wire will be
compared.

T
Sol. The situation is shown in the diagram.

Now, Young's modulus (Y) = %x%

L
For first wire, Y =L £ A1)
art 1
For second wire, ¥ = 2f - i i
xize) I
f
= e W — 1
T (i)
For Eqs. (i) and (ii), 4= x £ = L x L
wm I mf I
1=l
[ both wires are of same material, hence,
Young's modulus will be same).

11. Two wires made of same material are subjected
to forces in the ratio 1 : 4. Their lengths are in
the ratio 2 : 1 and diameters in the ratio 1: 3.
What is the ratio of their extensions?

Sol.  According to Hooke's law,

Modulus of elasticity, E = F_ *® N or Al = L:
Al nr'E

F

or Al = — [ E is same for two wires|
r



AL, P L. 1.2 (3)2 9
—Lt=dlylxl=_x—x|=| ==
Al, P, I, 7 &4 1 2

So, Al:AlL =9:2

12. The stress-strain graphs for materials A and B
are shown in Fig. (a) and Fig. (b).

D
D
g g
& A @ B
Strain Strain
(a) (b)

The graphs are drawn to the same scale.
(i) Which of the materials has greater Young's
modulus?
(ii) Which of the two is the stronger material?
[NCERT]
Sol (i) In the two graphs, the slope of graph in Fig. (a) is
greater than the slope of graph in Fig. (b), so material
A has greater Young's modulus.

(i1) Material A is stronger than material B because it can
withstand more load without breaking. For material
A, the break even point (D) is higher.

13. Awire elongates by / mm when a load W is
hanged from it. If the wire goes over a pulley
and two weights W each are hung at the two
ends, then what will be the elongation of the
wire in mm?

~ 3 . - .

Sol. According to Hooke’s law,
L

Modulus of elasticity, E = % X T

where, L = original length of the wire
A = cross-sectional area of the wire

. Elongation, Al = % ..(1)
On either side of the wire, tension is W and length is 1/2
WL/2 WL |
= 2. = [from Eq. (i)]

+L=I
2

14. Two wires A and B are of the same material.
Their lengths are in the ratio 1:2 and the
diameters in the ratio 2:1 If they are pulled by
the same force, then what will be the ratio of
their increase in lengths?

Sol. We know, AL = -i e anaa .2 (given)

AY Ly 2 g 1
[*- the wires A and B are pulled by the same force
and they are made up of same material, hence,
Fa=Fy=F Y,=Yy=Y]

2
AL, L, *3

ALy nr; Ly

2
j‘hJAx(’A) ” eﬂ;x(z)’;
8

ALy Ly \r, ALy 2 \2
AL, 1

15. The Young's modulus for steel is much more
than that for rubber. For the same longitudinal
strain, which one will have greater tensile

stress? [NCERT Exemplar]
Sol. Young's modulus (Y) = — e
Longitudinal strain
For same longitudinal strain, Y <= stress
Vel _ (stress), 4 )
Y e  (stress) ..
But Yoed > Youbber
Yoo >1
Y rubber
Therefore, from Eq. (i), we get
(stress),_, <
(stress) o
or (stress) . > (Stress), per

16. Figure shows the strain-stress curve for a given
material. What are (i) Young's modulus and (ii)
approximate yield strength for this material?

[NCERT)
300
E \
© 200 Va
150
o
05007 0,002 0003 0.004
Strain

-7~ The slope of straight line portion of strain-stress curve for
¥ a given material represents its Young's modulus.
The maximum stress that a material can sustain is called
its yield strength.

Sol. (i) Young’s modulus of the given material (Y)

= Slope of strain-stress curve
_ 150 x 10°

0002
=7.5% 10" N/m*
(1) Yield strength of the given material
= Maximum stress, the material can sustain
=300 x 10° N/m*

=3 x10* N/m*

Y =175 x10° N/m?



17. Calculate the percentage increase in length of a
wire of diameter 2.5 mm stretched by a force of
100 kg weight. Young’s modulus of elasticity of
wire is12.5x10" dyne/sq cm.

Sol. Here, 2r = 25mm =0.25cm or r=0125cm

a=nr'= -Z;x(mzsf sq. cm
F =100 kg = 1001000 g

F =10x1000 x 980 dyne

Y =125x10" dyne/sq. cm

o Y= Fxl
axAl
Al _F
I aY¥
Hence, % increase in length
=2 100= x100
! aY
=8 (100 1000 x 980) X 7 X100
22x(0125)* x125x 10"
=01812%

18. Asolid sphere of radius R made of a material of
bulk modulus B is surrounded by a liquid in a
cylindrical container. A massless piston of area
A floats on the surface of the liquid.

When a mass M is placed on the piston to
compress the liquid, find fractional change in
the radius of the sphere?

Sol. When mass M is placed on the piston, the excess
pressure, p = Mg/A. As this pressure is equally
applicable from all the direction on the sphere, hence
there will be decrease in volume due to decrease in

radius of sphere. Volume of the sphere, V = ii‘: R
3

Differentiating it, we get,
4
AV = ;mﬂ*}u =4 R AR

AV _4mR*AR _3AR

v i'ﬂRs R
Wekmwthat,B:L=ﬂ/ﬁ
dVjv A R
or AR Mg
R 3BA

19. The Marina trench is located in the Pacific
ocean and at one place, it is nearly 11 km
beneath the surface of water. The water
pressure at the bottom of the trench is about
1.1x 10® Pa. A steel ball of initial volume 0.32 m®

is dropped into the ocean and falls to the

bottom of trench. What is the change in the
volume of the ball when it reaches to the
bottom if the Bulk modulus of steel is
1.6 x10"N/m??
Sol. Depth (h)=11km=11x10"m
Pressure at the bottom of the trench (p)=1.1x 10* Pa
Initial volume of the ball (V) =032m*
Bulk modulus of steel (B) =1.6 x 10" N/m*
P
(AV/V) AV

[NCERT)

Bulk modulus of steel (B) =

1.1x 10* x 0.32
1.6x 10"
AV=22x10"m*

Av=ﬂ=
B

20. To what depth must a rubber ball be taken in

deep sea so that its volume is decreased by
0.1%? (The Bulk modulus of rubber is 9.8 x 10*
N/m?; and the density of seawater is 10° kg/m3.)

Sol. Bulk modulus of rubber (B) = 9.8 x 10* N/m*
Density of seawater (p) = 10* kg/m*

Percentage decrease in volume,

(—AV X 1oo)= o1or AV 01
% V100
AV 1
or —  co—
V1000

Let the rubber ball be taken up to depth h.
** Change in pressure (p)= hpg

h
. Bulk mudﬂus{B)=L=i
(AVIV) (AV V)
1
9.8 10% x —
or no Bx@viv) 000 — 10010
(1 10" x 9.8

21. The maximum stress that can be applied to the
material of a wire used to suspend on elevator is
1.3x10° Nm™. If the mass of the elevator is
900 kg and it moves up with an accleration of
2.2 ms2, then what is the minimum diameter of
the wire?

Sol  As the elevator moves up, the tension in the wire,
F=mg+ma=m(g+a)=200x(98+ 22) = 10800N
F

Stress in the wire = £ = —
A ot

Clearly, when the stress is maximum, r is minimum.
s Maximum stress = ——
mr,

A F
or min N
7 x Maximum stress




10800

=— S 02645%10'm
314 x13x 10"
or Fosn = 05142 %107 m
Minimum diameter

=2r,, = 2x05142x107°
=10284 %107 m

LONG ANSWER Type I Questions

22. Asteel wire of length 4.7 m and cross-sectional
area 3.0 x 107 m? stretches by the same
amount as a copper wire of length 3.5 m and
cross-sectional area 4.0 x 107 m” under a given
load. What is the ratio of the Young's modulus of
steel to that of copper? [NCERT]

Sol. Given, for steel wire, length ([} =4.7 m
Area of cross-section (A, )=3.0x 107 m?
For copper wire
Length ([,)=3.5m
Area of cross-section (A,) = 4.0 x 1075 m?

Let F be the given load under which steel and copper
wires be stretched by the same amount Al

Young's mm:lu]us{Y}:ﬂ; Fxl
Alfl A x Al
For steel, = Fxi LA
A, x Al
Fxl
For copper, = 2 .1l
e A, %Al

Dividing Eq. (i) by Eq. (ii), we get
¥ Fxl . A, x Al

Y, A xAl Fxl,
I, A, 47 4dox1w0”
——>-<—=—:!'<—_dl
I, A 35 30x10
Yiunl®S ar7vats
Y, 105

3

23. Identical springs of steel and copper are equally
stretched. On which, more work will have to be
done? [NCERT Exemplar]

Sol. Work done in stretching a wire is given by

w=Lrxar
2

As springs of steel and copper are equally stretched.
Therefore, for same force (F ),
W e Al A1)
1

Young’s modulus (Y)= £ X —
A Al

or Al = L b L2
A
As both springs are identical,
1
Al o= = ..(iL)
Y

l
From Eqs. (i) and (ii), we get W =< F

Y,
Mg _ Loopper _ (a5 Ve > Yeopper]

wrwpﬂ Voeat
or Wee < mepg:

Therefore, more work will be done for stretching copper
spring.

24. A uniform heavy rod of weight W, cross-sectional
area A and length [ is hanging from a fixed
support. Young's modulus of the material of the
rod is Y. Neglecting the lateral contraction, find
the elongation produced in the rod.

Sol. As shown in figure, consider a small element of
thickness dx at distance x from the fixed support. Force
acting on the element dx is

F =Weight of length (I — x) of the rod
W
= —f]—x
r {1—x)

Elongation of the element

= Original length x ¢

=dxxﬁ=i{j—x}dx
Y 1Ay

Total elongation produced in the rod

g
I
=L —p————=——

25. Oneendofa nylon rope, of length 4.5 cm and
diameter 6 mm, is fixed to a free limb. A
monkey, weighing 100 N, jumps to catch the
free end and stays there. Find the elongation of
the rope and the corresponding change in the
diameter. Given Young'’s modulus of nylon
=4.8x10" N/m? and Poisson’s ratio of nylon=02.

Sol. Here, =45m: D=6mm =6%10"m

F = Mg =100N,
Y =48x10" N/m*; Al=2,AD="?
Y= % X L

(rD?14) Al




4Fl 4x100%45
or Al: 2 - 4,2 11
nDY 314 x(6x1077) x(48x10")
=3315%10" m
AD/D
Alfl

or AD =0ATIXD

(in magnitude)

5
=0_2xm.).x(6x]0")

=884 X107 m

26. Amild steel wire of length 1 m and
cross-sectional area 0.5 x 107 cm? is stretched,
well within its elastic limit, horizontally
between two pillars. Amass of 100 g is
suspended from the mid-point of the wire.
Calculate the depression at the mid-point.
Given Young’s modulus for steel (Y)=2x10"Pa.

[NCERT]
‘r7- When a load w is suspended from a stretched wire of
¥ length /, then depression at the mid-point is given by
5= wi®
12rrtY
where, r = radius of the wire,
Y =Young's modulus of the material of the wire.

Sol. Given, length(l/)=1m
Area of cross-section(A) = 05 x 107 em?
=05 x 107 m*
Mass(m)=100g = 0.1kg
. Load(w)=mg=0.1x 98N = 098N
Young's modulus for steel (Y) = 2 x 10" Pa
Area(A)=nr’

A
or rﬂ =—
n
_D5x107"
K
Depression in a wire when a load is suspended at its
centre
. wl* 098 % (1)*
12rnr'Y 05 = 107 i
12n X | ———— | = z2x10"
098 = 1T =512m

12 % 025 % 2 % 107"

27. Determine the volume contraction of a solid
copper cube, 10 cm on an edge, when subjected
to a hydraulic pressure of 7x 10° Pa. Bulk
modulus for copper = 140 x 10° Pa. [NCERT)]

Sol. Given, each side of cube(l)=10cm=0.1m
Hydraulic pressure (p) =7 x 10° Pa
Bulk modulus for copper ( B) =140 x 10° Pa

Volume contraction (AV)=7?

Volume of the cube (V) =1* = (0.1 =1 x107* m*

Bulk modulus for copper (B) = =

AV/IV
al
AV
or AV=ﬂ
B

6 -3
=7)(10 X1x10 =|—x10"m3

AV 5
140 x 10 20

=005%x10* m*=5 x10"* m*

LONG ANSWER Type Il Questions

28. What is the density of water at a depth where
pressure is 80.0 atm, given that its density at the
surface is 103 x10°* kg/m?, compressibility of

water is458x10™" Pa™, [NCERT]
Sol. Density of water at the surface (p,)= 103 x 10* kg/m*
Pressure (p) = 800 atm = 800 x 1013 x 10° Pa

[+ 1 atm = 1.013 x 10° Pa)
Compressibility of water (%) =458 x 107" Pa™

Let V and V’ be the volumes of certain mass of water at
the surface and at a given depth. The density of water at
the given depth be p”.

Volume of water at the surface, V = n

p
At the given depth, V’ = %

2. Change in volume, AV=V-V’'= m[% - %]

Volumetric strain = %



1

Compressibility = ———
Bulk modulus ( B)
1 AV
Ap ApV
(AV V)
- 1
45.8x107" =[1—1,}><—
P} sox 1.013x10°
3
_ 1.03% 10
45.8% 107" x80x1.013x 10° = 1-——
3
_ 1.03%10
3Tz x10 Y = - —
p!
1.03% 10°
———=1-3712% 107
103 = 107
or = =1.034x 10°kg/m’
1 — 0003712

29. Arigid bar of mass 15 kg is supported

symmetrically by three wires each 2 m long.
These at each end are of copper and middle one
is of iron. Determine the ratio of their diameters
if each is to have the same tension. Young's
modulus of elasticity for copper and steel are
110 % 10" N/m? and 190 = 10° N/m?, re spectively.
[NCERT]

Sol Young's modulus of copper (¥, ) =110x10° N/m*

Young's modulus of steel(Y,) = 190 %10°N fm*

Let d, and d, be the diameters of copper and steel wires.
Since, tension in each wire is same, therefore each wire
has same extension. As each wire is of same length,
hence each wire has same strain.

Young’'s modulus (Y )= Stress = FiA
Strain  Strain
o Y= . F - 4F
nd* . md” x Strain
» Strain
4
Y wL = d* ee l
d* Y
i v,
di Y,
d Y,  (190x10°
ar il Pl | —
d, Y 11010

-ﬂ—..|

19
— =4173=131
11

d:d,=131:1

30. A14.5 kg mass, fastened to one end of a steel

wire of unstretched length 1 m is whirled in a
vertical circle with an angular frequency of

2 rev/s at the bottom of the circle. The
cross-sectional area of the wire is 0.065 em?.

Sol.

31

Sol.

Calculate the elongation of the wire when the

mass is at the lowest point of its path. [NCERT]
Given, mass (m)= 14 5kg
Length of wire ([ )=1m
Angular frequency (v) = 2 rev/s
Angular velocity (o) = 2Ty
= 2n % 2rad/s = 47 rad/s
mg
Area of cross-section of wire ( A) = 0,065 cm®
=65%10" m’
Young's modulus for steel (Y)=2x 10" Nfm?®.
At lowest point of the vertical circle,
T — mg = mln*

or T =mg+ mlw*

= (14.5x 9.8)+ 14.5% 1x( 4x)*

= 14.5(9.8+ 161°)

= 14.5(9.8+ 16X 9.87) [ n* = 9.87]

=145% 167 7T2N=243194 N
Young’s modulus (¥) = Stress - (T/4) - TI

Strain Al A-Al
T-1 243194 x1

Ao 2
AY 65x107° % 2x10"

=1.87x 10" m =1.87 mm

Four identical hollow cylindrical columns of
mild steel support a big structure of mass
50000 kg. The inner and outer radii of each
column are 30 ecm and 60 em, respectively.
Assuming the load distribution to be uniform,
calculate the compressional strain of each
column. Young’s modulus, Y = 20 x 10" Pa.
[NCERT]
Given, total mass supported by cylindrical columns (m)
= 50000 kg
+ Total weight supported by cylindrical columns
= mg = 50000 x 98 = 490000 N
. Load acting on each cylindrical support

F=—==——N=122500 N

Inner radius of each column (r)=30cm = 03 m
Outer radius of each column (r)=60cm = 06 m
. Area of cross-section of each cylindrical column
A=nr —ar'=n(r - ")
=3.14 [(0.6)° — (0.3)"] = 314 x 0.27 m*



32,

Sol

Young's modulus (Y )= 2 x 10" Pa

Compressional strain of each column =7

Young's modulus (V)= Compressional stress

Compressional strain
Compressional stress

or Compressional strain =
Young's modulus

F/A _ F
Y  AY
122500

(3.14x 0.27)x 2x 10"
=0722 X104 =722 %107

Two wires of diameter 0.25 cm, one made of
steel and other made of brass are loaded as
shown in Fig. The unloaded length of steel wire
is L5 m and that of brass wire is L0 m. Young's
modulus of steel is 2.0 x 10" Pa. Compute the
elongations of steel and brass wires.

(1Pa=1N/m?. [NCERT]

—= Element

Given, diameter of wires (2r) = 0.25cm
r=0125em=125x 10" m
For steel wire,
Load (F,) = (4 + &) kgf
=10 x98N=98N

Length of steel wire ([, )= 1.5m
Young's modulus (Y, )= 20 % 10" Pa

Foxl

Young's modulus (Y) =
A XAl

Fyox=l  F =
A XY, mrxY,
B 98 1.5

T 3.14x% (1.25% 107°) x 2.0 % 10"

». Change in length (Al ) =

=15%x10" m

For brass wire,
Load (F,)=6kgf= 6 x 98N = 588N
Length of brass wire (1,)= 10m
Young's modulus (¥, ) = 091 x 10" Pa

F, =1,

nr, %Y,

_ 585 % 10

314 x {125 x 107 J* x 091 x 10"
=13x107" m

Change in length(Al)=

33. Arod of length 1.05 m

having negligible mass is
supported at its ends by
two wires of steel {wire () [(Steal) an| 8
A) and aluminium (wire
B) of equal lengths as
shown in Fig. The

cross-sectional areas of Fy m Fa
wires A and B are 1 mm? mg

and 2 mm?, respectively.

Young's modulus of elasticity for steel and
aluminium are 2x10" and 7x10"N/m?,

—X — 1.06m

respectively.

At what point along the rod should a mass m be
suspended in order to produce (i) equal stresses
and (ii) equal strains in both steel and

aluminium wires. [NCERT]

Sol  Let the length of wires A and B is equal to L and their

area of cross-section be A, and A,, respectively.
Given, Ay =1mm® =1x10" m*
Ay =2mm’=2x10" m*
= 2
¥y = 2% 10" Nfm
¥y = 7.0%10" N/m*
Let F, and F, be the tensions in the two wires,
respectively.
(i) When equal stresses are produced, then

F,_F
A Ay
_,
or H_A_1x10 E_! i)
Fz Az 2)(1.1:!_6 Fg 2

Let mass m be suspended at distance x from steel
wire A.

Taking moment of forces about the point of
suspension of mass from the rod, we get

F xx=F, x (105-x)
F, _(105—x)
F, x

2

or A1)
From Eqgs. (i) and (i1), we get
1 _(105-x)
7 x
x=210-2x
or 3x = 2.10
or x = 0.70m

. The mass m must be suspended at a distance 0.70 m
from steel wire A.

St
(ii) Young's modulus (Y)= e
Strain
Strain = e F/A
Y
Fl

For steel wire A, (Strain)_ =

AY

171



34.

Sol

For aluminium wire B,

(Strain), = F
AgY,
When equal strains are produced in both wires,
then A .5
AY, AY,
or L = A ..(iii)
F, A,

.~ From Egs. (ii) and (iii), we get
(105— x) _ AY,

x AY,

_1xw™ | zxu'!
Tx10® 7 x10"

(105—x) 10

T x 7

10x = 735 — Tx
=% 17x =735 e‘r:r:=E
17
x=043m

. The mass m must be suspended at a distance 0.43 m
from the steel with A.

A rubber string 10 m long is suspended from a
rigid support at its one end. Calculate the
extension in the string due to its own weight.
The density of rubber is 1L.5x10° kg/m* and
Young's modulus for the rubber is 5x 108 N,-’rnzﬁ
The breaking stress for a metal is 78 x10°N/m®.
Calculate the maximum length of the wire
made of this metal which may be suspended
without breaking. The density of metal
= 78x10%kg/m®.
[=10m, p=15%10" kg/m*
¥ =5x%10* N/m®
Fi

We know, Y = ——

AAl ar [
Efficient force = Mg
Consider a small length dy at a distance y
from free end.
The length above this, ([ — y) will experience a force of

M
Fy = Tﬂdyl-gd.v

. Extension dl = E
AY

(I-y) M Mg
L L B L. - I
v i (1= y)dy

= dl
1AY

Met extension due
}=jm

to its own weight

i
Mg | Mg v Mgl
== [{l-y)dy=s —2|ly—21-| =—=
ﬁﬂ! e 1AY 4 2], 24Y
2 2
Net extension = _M_g.i = _ng = _pg!'
2AY IV 2
Extension of rubber string
1 2
=15XIU 10010 =015m
2x5x10°
Breaking stress for a metal = 78%10° N/m*
Density = 78x10" kg/m*.
Fi Mg Mgl Mgl
Stress = —— = —. = =5 o & =pgl

Area A Al Volume

If pgl > Breaking stress, the wire will break.

78x10° 78x%10°
< =
pe 78%10% 10
iLe. 1£10°m

Maximum length of wire =10° m

35. Compute the Bulk modulus of water from the
following data; initial volume = 100.0 L,
pressure increase = 100.0 atm (1 atm = 1.013

%10% Pa), final volume = 100.5 L. Compare the

Bulk modulus of water with that of air (at
constant temperature). Explain in simple terms,
why the ratio is so large? [NCERT]

Sol. Given, initial volume (V; ) =1000L

Final volume (V,)=1005L

. Increase in volume (AV)=V, — V]

=1005-1000= 05 L

=05 %107 m? [~1L= 107" m"]
Increase in pressure,

(Ap) = 1000 atm
= 1000 x 1013 x 10° Pa
[+ 1 atm= 1.013x 10°Pa]

= 1013 x 107 Pa
Bulk modulus of water

__Ap
(B.)= (AV V)

_ApV 1013 %107 % 100 x 107°
AV 05 % 107"

1013
=—"x10°Pa
5

=2026%10" Pa
Bulk modulus of air (B,) =1.0 x10° Pa

Bulk modulus of water (B,,) _ 2.026 x 10°
Bulk modulus of air (B, } 1.0x 10°

=2026x% 10*



This ratio is too large as gases are more compressible than

those of liquids. In liquids, interatomic forces are more
strong than that for gases.

36. The edge of an aluminium cube is 10 cm long.
One face of the cube is firmly fixed to a vertical
wall. A mass of 100 kg is then attached to the
opposite face of the cube.

The shear modulus of aluminium is 25 GPa.
What is the vertical deflection of this face?

[NCERT]

Sol. o Cube

.
R F— 1, .

Given, side of a cube (/)=10cm=0.1m
Area of its each face (A) = [I* =(0.1)°= 001 m*
Load (m)=100kg
Tangential force acting on one face of the cube,
F = mg= 100 x 98 = 980N
Shear stress acting on this face = Fals N/m?*
A o001
=98x10* N/m?
Shear modulus of aluminium (n) = 25 GPa
=25x10° N/m*
Shearing stress

Shear modulus (n) = - -
Shearing strain

) ) ( AL ] Shearing stress
or shearing strain | — | = ————
L Shear modulus
) 4
o A Shearing stress i 98 x 109 % 04
Shear modulus 25 X 10

=00392x 10" m
=392x107 m

S BN YOUR TOPICAL UNDERSTANDING

OBJECTIVE Type Questions

I. On applying a stress of 20 x 10®* Nm™, the length
of a perfectly elastic wire is doubled. Its Young's
modulus will be
(a) 40 % 10* Nm™
(c)10x10®* Nm™

{b) 20 x10* Nm™
(d)5¢10* Nm™

2. Awire of length 2 m is made from 10 cm’ of
copper. Aforce F is applied so that its length
increases by 2 mm. Another wire of length 8 m
is made from the same volume of copper. If the
force F is applied to it, its length will increase

by
{a) 0.8 cm {b) L6 cm
{c) 2.4 cm {d) 3.2 cm

3. Insteel, the Young’s modulus and the strain at
the breaking point are 2 x 10" Nm™ and 0.15,
respectively. The stress at the breaking point for
steel is therefore
{a) 1.33x 10" Nm™
(e) 7.5% 107 Nm™

(b)1.33x 10" Nm™
(d) 3x 10" Nm™
4. Elasticity of a material can be altered by
(a) annealing {b) hammering
(c) adding impurities {d) All of these

5. Two wires of the same material and length but
diameter in the ratio 1 : 2 are stretched by the
same load. The ratio of elastic potential energy
per unit volume for the two wires is
(a)1:1 (by2:1 (c)4:1 (d)16:1

Answers

) 2@ | @ | 4@ | s @

VERY SHORT ANSWER Type Questions

6. What are the factors on which the modulus of
elasticity depends?

7. What is the value of bulk modulus for an
incompressible liquid?

SHORT ANSWER Type Questions

8. A wire elongates by 8 mm when a load of 9 kg is
suspended from it. What is the elongation when its
radius is doubled, if all other quantities are the same
as before? [Ans. 2 mm]

9. Find the change in volume which 1cc of water at the
surface will undergo, when it is taken to the bottom
of the lake 100m deep, given that volume elasticity
is 22000 atmospheres [Amns. 0.00044 cc)



10.

A square lead slab of side 50 cm and thickness 10 cm is
subjected to a shearing force (on its narrow edge) of
9.0 x 10* N. The lower edge is reveted to the floor. How
much will the upper edge be displaced? Modulus of
rigidity of lead = 5.6 x 10° N/m*

[Ans. 0.16 mm]

LONG ANSWER Type I Questions

11.

12.

13.

14.

A cube of aluminium of each side 4 cm is subjected to
a tangential (shearing) force. The top face of the cube
is sheared through 0.012 cm with respect to the
hottom face.

Find (i) shearing strain (ii) shearing stress and (iii) the

shearing force. Given, 1 = 2.08 x 10" dyne cm™°.

Two cylinders A and B of radii r and 2 r are soldered
co-axially. The free end of A is clamped and the free
end of B is twisted by an angle ¢. Find twist at the
junction taking the material of two cylinders to be
same and of equal length.

A metal bar of length L and area of cross-section 4, is
rigidly clamped between two walls. The Young's
modulus of its material is ¥ and the coefficient of
linear expansion is or. The bar is heated so that its
temperature is increased from 0 to 8°C. Find the force
exerted at the ends of the bar.

A wire of length | and area of cross-section A is
stretched by the application of a force. If the Young's
modulus is ¥, then what is the work done per unit
volume?

LONG ANSWER Type Il Questions
15. Aslightly tapering wire of length [ and end radii a and

b on both sides is subjected to the stretching forces F
on both sides as shown in figure. If Y is the Young's

16.

17.

18.

modulus of the wire, then calculate the extension
produced in the wire.

n=a
l’2=b

Four identical cylindrical columns of steel support
a big structure of mass 50000 kg. The inner and
outer radii of each column are 30 cm and 40 cm,
respectively. Assume the load distribution to be
uniform, calculate the compressional strain of
each column. The Young's modulus of steel is

2.0 x 10" Pa.

A composite wire of diameter 1 cm consisting of
copper and steel wire of lengths 2.2 m and 2.0 m,
respectively.

Total extension of the wire, when stretched by a
force is 1.2 mm. Calculate the force, given that
Young's modulus for copper is 1.1x 10" Pa and for
steel is 2.0 ¢ 10" Pa.

A light rod of length 2m is suspended from the
ceiling horizontally by means of two vertical wires
of equal length tied to its ends.

One of the wires is made of steel and is of
cross-sectional area 0.1 sq cm and the other is of
brass of cross-sectional area 0.2 sq cm. Find out
the position along the rod at which a weight may
be hung to produce

(i) equal stress in both wires,

(ii) equal strain in both wires.

Given, Y for steel = 20 x 10" dyne cm™ and Y for
brass = 10 x 10"*dyne cm ™.



SUMMARY

= Materials having a definite shape and volume are known as solids or rigid bodies.

= A body that returns to its original shape and size on the removal of deforming foree is called elastic body and this property is
called elasticity.

= |f a body does not show any tendency to regain its original shape and size even after the removal of deforming force are called
plastic body and this property is called plasticity.

= The internal restoring force acting per unit area of a deformed force is called stress.

) F
ie Stress = —
A

Sl unit of stress is Nfm® or pascal

= The restoring forces per unit area act perpendicular to the surface of the body are called normal forces.

= When there is an increase in the length or the extension of the body in the direction of the force applied then it is called tensile
stress.

= When there is a decrease in the length or the compression of the body due to the deforming force applied normally on the
body then it is called compressive stress.

= |f a body is subjected to a uniform force from all sides, then the coresponding stress is called bulk stress or hydraulic stress
or volumetric stress.

= Strain is defined as the ratio of change in configuration to the original configuration.
= The materials which can be elastically stretched to large values of strain are called elastomers.
= Longitudinal strain {g) is the change in length per unit original kength, when the body is deformed by external forces,

. AL
lLe. E=—

L

* Volumetric strain is the change in volume per unit original volume, when the body is deformed by external forces. e e = %.

= Shearing strain is the deforming forces produce a change in the shape of the body, i.e.8 =tanb = %

= The material which have large plastic range of extension are called ductile material.

= The materials which have very small range of plastic extension are called brittle material.

= Within elastic limit, the stress developed is directly proportional to the strain produced in a body. This is Hooke's law.
* From Hooke's law, stress = sirain.

= Stress = E = Strain, here E is modulus of elasticity.
= The ratio of longitudinal stress (g)to the longitudinal strain (g)within the elastic limit is called Young's modulus (Y ).
Le. y=95

B

= Ratio of normal stress o the volumetric strain within the elastic limit is called Bulk Modulus (B)

ie B =£ A = 1 , where k = compressibility
Al vk
= The ratio of tangential stress to the shear strain within elastic limit is called shear modulus or modulus of rigidity (n).
. F L
e = —
" A AN

= The ratio of lateral strain to the longitudinal strains within the elastic limit it is called Poisson's ratio.
= Potential energy stored in a deformed body.



CHAPTER
PRACTICE

OBJECTIVE Type Questions

L

In solids, inter-atomic forces are
(a) totally repulsive

(b) totally attractive

(c) combination of (a) and (b)

(d) None of the above

The nature of molecular forces resembles with
the nature of the

(a) gravitational force (b) nuclear force

(c) electromagnetic force (d) weak force

Aand B are two wires. The radius of Ais twice
that of B. They are stretched by the same load.
Then, the stress on B is

(a) equal to that on A (b) four times that on A
(c) two times that on A (d) half that on A

On suspending a weight Mg, the length / of

elastic wire having area of cross-section A,
becomes double the initial length. The
instantaneous stress action on the wire is
(a) Mg/A (b) Mg/2A

(c) 2Mg/A (d)aMg/ A

A cube of aluminium of side 0.1 m is subjected
to a shearing force of 100 N. The top face of the
cube is 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
A steel rod of length 1 m and radius 10 mm is
stretched by a force 100 kN along its length.
The stress produced in the rod is

YSleel = 2 X 10" Nm-z.

(a)3.18 x10®* Nm™ (b)3.18 10" Nm™
(c)3.18x10* Nm™ (d)3.18x10° Nm™

The upper end of a wire of radius 4 mm and length
100 em is clamped and its other end is twisted
through an angle of 30°. Then, angle of shear is
(a) 12° (b) 0.12° (c) 1.2* (d) 0.012°

8. Acopper and a steel wire of the same diameter
are connected end to end. A deforming force
F is applied to this composite wire which
causes a total elongation of 1 cm. The two wires
will have
(a) the same stress and strain
(b) the same stress but different strain
(c) the same strain but different stress
(d) different strains and stress

9. Awire of length L and radius r is rigidly fixed at
one end. On stretching the other end of the wire
with a force F, the increase in its length is L If
another wire of same material but of length 2L
and radius 2r is stretched with a force of 2F, the
increase in its length will be
(a)! (b)2d
(c)1/2 (d) 114

10. Inthe given figure, if the dimension of the wire
are the same and materials are different,

Young's modulus is more for

A
g B
Extension
(a) A (b) B (c) Both (d) None of these
ASSERTION AND REASON

Direction (Q.Nos. 11-16) In the following questions, two
statements are given- one labelled Assertion (A) and the other
labelled Reason (R). Select the correct answer to these questions
[from the codes (a), (b), (c) and (d) as given below
(a) Both Assertion and Reason are true and Reason is
the correct explanation of Assertion.
(b) Both Assertion and Reason are true but Reason is
not the correct explanation of Assertion.
(c) Assertion is true but Reason is false.
(d) Assertion is false but Reason is true.



12.

13.

14.

15.

16.

. Assertion Stress is the internal force per unit

area of a body.
Reason Rubber is less elastic than steel.

Assertion When a solid is deformed, the atoms

or molecules are displaced from their equilibrium
position.

Reason Due to change in inter-atomic spacing,

intermolecular/interatomic forces arise.

Assertion The restoring force F, on a stretched
string for extension x is related to potential
energy U as

—dU
F=
dx
Reason F=-kxandU =1 ,-fZlk_'cz, where kis a
spring constant for the given stretched string.

Assertion The strain produced by a hydraulic
pressure is volumetric in nature.

Reason It is a ratio of change in volume (AV) of
the original volume (V).

Assertion Young's modulus for a perfectly
plastic body is zero.

Reason For a perfectly plastic body, restoring
force is zero.

Assertion Ropes are always made of a number
of thin wires braided together.

Reason [t helps to ease in manufacture,
flexibility and strength.

CASE BASED QUESTIONS

Direction (Q. Nos. 17-18) These questions are case study
based questions. Attempt any 4 sub-parts from each question.

Each question carries 1 mark.

17.

Restoring Force due to Stress

When a bar of cross-section A is subjected to
equal and opposite tensile forces at its ends,
then a restoring force equal to the applied force
normal to its cross-section comes into
existence. This restoring force per unit area of
cross-section is known as tensile stress. While
when the deforming force acts tangentially to
the surface, then this tangential force applied
per unit area of cross-section is known as
tangential stress. Consider a plane section of
the bar whose normal makes an angle 8 with the
axis of the bar.

F];rlF

(i) Which of the following property of the bar
does not change due to this force?
{a) Area (b} Volume
(c) Shape (d) Size

(ii) What is the tensile stress on this plane?
{a) (F/A)cos®® (b) FIA

(c) (F/A)tan 8 (d) (F/A)sec’ @
(iii) What is the shearing stress on this plane?

(@) - sin 20 ) L cos 20
24 A
F 2 F
— 1] d
() 5 eos @ —
(iv) For what value of @ is the tensile stress
maximum?
(a) 0" (b) 90*
(c) 45° (d 30°
(v) For what value of 8 is the shearing stress
maximum?
(a) 45* (b) 30*
(c) 90° (d e0°

18. Young's Modulus Experiment

A typical experimental arrangement to
determine the Young's modulus of a material of
wire under tension is shown in figure. It
consists of two long straight wires of same
length and equal radii suspended side-by-side
from a fixed rigid support. The wire A (called
the reference wire) carries a millimeter main
scale M and a pan to place a weight.

Experimental
wire

The wire B (called the experimental wire) of
uniform area of cross-section also carries a pan
in which known weights can be placed, vernier
scale is attached to a pointer at the bottom of
experimental wire B and main scale is fixed to
the reference wire A.

(i) When a weight is placed in the pan, which
type of stress is produced in it,
(a) Tensile
(b) Tangential
(c) Bulk

(d) Compressive



(ii) The reference wire is used to compensate for
any change in length due to change in
(a) length of experimental wire
(b) volume of experimental wire
(c) room temperature
(d) weight of pan

(iii) The difference between which two readings
gives the elongation produced in the wire.
(a) Main (b) Vernier
(c) Reference (d) Original wire

(iv) Suppose M be the mass of wire that
produced an elongation AL in the wire, then
the applied force is equal to

(a) Mg (b) Ma
(c) Mv (d) mv?

(v) The Young's modulus of an experimental
wire is

(a) Mgx LAnr* x AL)
(b) Mgx (mr® x AL)/L
(c) (AL x mr’)/Mgx L
(d) Mgxmr® x LAAL)?

Answers ,
1. (© 2. (0 3. (b) 4. (0 5. (d)
6. (0 7. (b) 8. (o) 9. (a 10. (a)

11. (b) 12. (a) 13. (@) 14. (b) 15. (a)
16. (a)

17. () (b (i @ G @ (v @ V) @
18 ) @ @ (@ @) & v (@ v @

VERY SHORT ANSWER Type Questions

19. Awire 50 cm long and 1 sq mm in cross-section
has the Young’s modulus, Y =2x10'° Nm™ How
much work is done in stretching the wire

through 1 mm?
[Ans. 2x107%] ]

20. The star Sirius has a mass of 7x10*" kg, its
distance from the earth is 8 x10'® m and the
mass of the earth is 6 x10%* kg. Calculate the
cross-section of a steel cable that can withstand
the gravitational pull between the Sirius and the
earth. Given, G =6.67x10""Nm%g and

breaking stress =10'"Nm™, [Ans. 44m?]

21. Asolid sphere of radius R made of a material of
Bulk modulus B is surrounded by a liquid in a
cylindrical container. A massless piston of area

A floats on the surface of the liquid. When a

mass M is placed on the piston to compress the

liquid, find fractional change in the radius of

the sphere. -y ( AR _ Mg ]]
R 3AB

A uniform pressure p is exerted on all sides of a

solid cube at temperature t° C. By what amount
should the temperature of the cube be raised in
order to bring its volume back to the volume it
had before the pressure was applied, if the Bulk
modulus and coefficient of volume expansion

of the material are B and v, respectively?

[ (5)

SHORT ANSWER Type Questions

23.

24.

Determine the fractional change in volume as
the pressure of the atmosphere 1.0 x10° Pa
around a metal block is reduced to zero by
placing the block in vacuum. The Bulk modulus
for the block is 1.25x10" Nm™. [Ans.8x107")

(a) Which is more elastic, rubber or glass? Why?

(b) Identical springs of steel and copper are
equally stretched. On which spring, more
work will have to be done?

A lift is tied with thick iron wires and its mass is
1000 kg. If the maximum acceleration of lift is
1.2 ms? and the maximum safe stress is

14 x10°*Nm™, then find the minimum diameter

of the wire. Take, g = 9.8 ms™. [Ans. 0.01 m)

LONG ANSWER Type I Questions

26.

27.

Two parallel steel wires A and B are fixed to
rigid support at the upper ends and subjected to
the same load at the lower ends. The lengths of
the wires are in the ratio 4:5 and their radii are
in the ratio 4:3. The increase in the length of the
wire Ais 1 mm. Calculate the increase in the
length of the wire B. [Ans. 2.22 mm]

Assume that if the shear stress in steel exceeds
about 4 x10°N/m?, the steel reptures.
Determine the shearing force necessary to (a)
shear a steel bolt 1.00 cm in diameter and (b)
punch a 1 cm diameter hole in a steel plate
0.500 cm thick. [Ans.314 x10' N, 6.28x10* N]



28.

A uniform heavy rod of weight w,

cross-sectional area A and length [ is hanging
from a fixed support. Young's modulus of the

material of the rod is ¥. Neglecting the lateral
contraction, find the elongation produced in the

rod. [ Ans. wl ]
2AY

LONG ANSWER Type Il Questions

29,

30.

31.

What is the length of a wire that breaks under
its own weight when suspended vertically?

Breaking stress = 5x10° Nm™ and density of the
material of the wire = 3x10% kg/m®

[Ans. 1.67 km]

Asilica glass rod has a diameter of 1 cm and is
10 ¢m long. The ultimate strength of glass is

50 x10°Nm™, Estimate the largest mass that
can be hung from it without breaking it. Take,
g=10Nkg™. [Ans. 3925 kg]

Two different types of rubber are found to have
the stress-strain curves shown below in figure.
(i) In which significant ways do these curves
differ from the stress-strain curve of a metal
wire.

(ii) A heavy machine is to be installed in a
factory. To absorb vibrations of the machine,
a block of rubber is placed between the
machinery and the floor. Which of the two
rubbers 4 and B would you prefer to use for
this purpose? Why?

(iii) Which of the two rubber materials would you
choose for a car tyre?

Stress
Stress

Rubber (4) Rubber (B)

(]
(]

Strain Strain

i) (i)

32. Two wires of equal cross-section but one made

of steel and the other copper are joined end to
end. When the combination is kept under
tension, the elongation in the two wires is found
to be equal. Given Young's moduli of steel and
copper are 2.0 x10" Nm™ and L1x10" Nm™.
Find the ratio between the lengths of steel and
copper wires, [Ans. 20: 11]





