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A body is said to be elastic, if it regains its original shape and size on the removal of
deforming force. The property of matter by virtue of which a body tends to regain IN THIS CHAPTER ...

its original shape and size after the removal of deforming forces is called elasticity.

If a body completely gains its natural shape after the removal of the deforming Bt B

forces it is called perfectly elastic body. If a body remains in the deformed state or * Stress
does not even partially regain its original shape after removal of deforming forces it Strain

i1s called perfectly inelastic or plastic body. P

. . Poi s Rati

Elastic Behaviour CBATIREa
The elastic behaviour can be understood by taking the microscopic nature of solids.
It is shown in the following figure, in which we can see that the balls represent the

atoms or molecules and the springs represent the interatomic or intermolecular
forces. » Thermal Stresses and Strains

Stress-Strain Relationship

» Work Done or Potential Energy
Stored in a Stretched Wire

In this system originally, the ball is in the position of its stable equilibrium, if any
ball is displaced a little from its equilibrium position, the springs attached to that

ball will either be stretched or compressed.

Therefore, the restoring forces are developed in the springs and they will bring the
ball back to its natural position. This is known as the elastic behaviour of the solid
body.

Interatomic/Intermolecular force

‘\

1 .0000..'( l‘....
\
a\ -

Atom/Molecule
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Stress

When an external force is applied to a body, an internal
restoring force is set up at each cross-section of the body
which tends to restore the body back to its original state.
The restoring force set up inside the body per unit area is
known as stress.
Restoring force

Area

In SI system, unit of stress is Nm™ or pascal (denoted by
Pa) and in CGS system, it is dyne/cm®. Mainly, there are
three types of stress. They are listed as follows.

Stress =

(i) Normal or Longitudinal Stress

If area of cross-section of a rod is A and a deforming force
F'is applied along the length of the rod and perpendicular
to its cross-section, then in this case, stress produced in
the rod is known as normal or longitudinal stress. It is
also known as axial stress.

Longitudinal stress = EA"—

Longitudinal stress is of two types

(a) Tensile stress A type of longitudinal stress in
which length of the rod is increased on application
of deforming force over it, the stress produced in
rod is called tensile stress.

(b) Compressive stress A type of longitudinal stress
in which length of the rod is decreased on
application of deforming force, the stress produced
is called compressive stress.

(i) Volumetric Stress
In this type of stress, when a force is applied on a body
such that it produces a change in volume and density
without change in its shape and
(a) at any point, the force is perpendicular to its
surface.
(b) at any small area, the magnitude of force is
directly proportional to its area.

Then, force per unit area is called volumetric stress.

. K
Volumetric stress = 7"

This is the case when small solid body is immersed in
fluid.

(iii) Shearing or Tangential Stress

In shearing or tangential stress, the force is applied
tangentially or parallel to a surface of a body, which
produces a change in shape without change in its volume.

Tangential stress = %

Example 1. The ratio of radii of two wires of same material

is 2 : 1. If these wires are stretched by equal force, what is the

ratio of stress produced in them?
@1:2 (b)1:3

(©1:4 (d1:5
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Sol. (c) Here, r,:r,=2:1,F=F,=F

Stress (S) = foie = —FE
Area Tr

5ol

2
S__(1)1
S, 2 \2) 4

Example 2. The elastic limit of brass is 379 MPa. What
should be the minimum diameter of a brass rod, if it is to
support a 400 N load without exceeding its elastic limit?

(@) 0.90 mm (b) 1.00 mm
(¢) 1.16 mm (d) 1.36 mm

Sol. (c) Letd,;, be the minimum diameter of brass.
Then, stress in brass rod is given by

[JEE Main 2019]

F_ 4F nd’
O=—= 3 “r A = —
A ndiin 4
For stress not to exceed elastic limit, we have o <379 MPa
= 45 <379x10°
Ta i
Here, F =400 N
2 1600
P R ——
X379 %10
= dpyin=1.16x10"m =1.16 mm

min

Example 3. A steel wire having a radius of 2.0 mm,
carrying a load of 4 kg, is hanging from a ceiling. Given that
g =3.1mtms™2, what will be the tensile stress that would be
developed in the wire? [JEE Main 2019]
(a) 6.2x10°Nm™ (b) 5.2x10°Nm™
(©) 3.1x10°Nm™ (d) 4.8x10°Nm™
Sol. (c) Given, radius of wire,r =2mm=2x10">m
Weight of load, m =4 kg, g =317 ms™
Force (F) _ mg
Area (A) nr?
_ 4Xx3Ixm
nx(2x107%)2
=31x10°Nm™

Tensile stress =

Strain

When the size or shape of a body is changed under an
external force, the body is said to be strained. The change
occurred in the unit size of the body is called strain.
Usually, it is denoted by e.

Strain = Change in dimension _Ax

Original dimension X
Here, Ax is the change (may be in length, in volume etc.)
and x is the original value of quantity in which change
has occurred. It has no dimension as it is a pure number.
Since, a body may have three types of deformation, i.e.in
length, in volume or in shape, likewise there are
following three types of strains
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(1) Longitudinal Strain

It is associated with longitudinal stress. The change in
length per unit original length of the body under
deformation produced by the external force is known as
longitudinal strain.

Change in length

Longitudinal strain = —=
Original length

T € ‘A
==
l

It is of two types

(a) Tensile strain If on applying a deforming force,
there is an increase of Al in length of a rod, then
strain produced in the rod is called tensile strain.

(b) Compressive strain If on applying a deforming
force, there is decrease of Al in length of a rod,
then strain produced in the rod is called
compressive strain.

(ii) Volumetric Strain

It is produced when there’s volumetric stress in the body.
The change in volume per unit original volume of the
body under deformation produced by the external force is
known as volumetrie strain.

Voium SR _2nge in volume

Original volume

or SV ==

vV

(iii) Shearing Strain

This type of strain is produced when a shearing stress is
present.

It is defined as the angle in radians through which a
plane perpendicular to the fixed surface of the cubical
body is turned under the effect of tangential force.

Shearing strain, tan ¢ = %

or o= % (for very small deformation)

Hooke’s Law

It states that for a body within elastic limit, stress
applied to a body is proportional to the resulting strain,
i.e.

Stress

Strain
where, E is constant and is known as modulus of
elasticity or coefficient of elasticity of the material of the
body.

Stress o« Strain or = E = constant

Types of Modulus of Elasticity
Depending on the type of stress applied on a body and
resulting strain produced, we have following three
modulii of elasticity and they are as follows
(i) Young’s modulus of elasticity
(i1) Bulk modulus of elasticity
(ii1) Modulus of rigidity
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Young’s Modulus of Elasticity (V)

It is defined as the ratio of normal stress (either tensile
or compressive stress) to the longitudinal strain within
an elastic limit.
Thus,

Normal stress

- Longitudinal strain

Consider a metal wire, PQ of length /, radius r and the
uniform area of cross-section A. Let it be suspended from a
rigid support at P, a stretching force F' be applied normally
at the free end @ and let its length increase by Al(= QQ").

P

Q Ok——=

T
B
,?F
e . Al
Then, longitudinal strain = T
Normal stress = 4 = F,, [ A=nr?]
A mr°

Normal stress

Young’s modulus (Y)= — :
Longitudinal strain

_FIm®  FI
A/l mPAl
Since strain is a dimensionless quantity, therefore the

unit of Young’s modulus is same as that of stress.
Young’s modulus has unit of pressure.

Example 4. A structural steel rod has a radius of 10 mm
and a length of Tm. A 100 kN force stretches it along its
length and Young’s modulus of structural steel is

2 x 10" Nm™. The strain on the rod is

(@ 1% (b) 0.04% (c) 0.08% (d) 0.16%

Sol. (d) We assume that the rod is held by a clamp at one end
and the force F is applied at the other end, parallel to the length of
the rod. Then,

F_F
Stress = — = —
A mr?
Given, F =100 kN =100 x10°N,r =10%m
10°N
P _100X10°N _ 3 15x10° N2
A 3.14x(1079)
Elongation, AL = (F/#
8
AL:7(3']8X10”)(”=1.59x10‘3m
2x10
AL=1.59mm
AL 1.59x107m
Strain=—=————
L m

=1.59%107> =0.16%
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Example 5. Young’s modulii is of two wires A and B are in
the ratio 7 : 4. Wire A is 2 m long and has radius R. Wire B is
1.5 m long and has radius 2 mm. If the two wires stretch by
the same length for a given load, then the value of R is close

to [JEE Main 2019]
(@ 1.3 mm (b) 1.5 mm
(©) 1.9 mm (d) 1.7 mm
Sol. (d) When a wire is stretched, the change in length of wire is
Al= il where Y is its Young’s modulus.

nry’
Here, for wires A and B,
=2m,lp=15m,

Y—"=Z,r3=2mm=2x10"3mandf’1=1
Y, 4 Fy
As, it is given that Al, = Al
- Fala _ FBZIB
Y, Y
= r}:FAJA-i-rBz:lxixix4x10’6m
By, 1577
=3.04x10°m
= rn=1.7x103m
or ry =1.7 mm

Example 6. A copper wire of length 2.2 m and a steel
wire of length 1.6 m, both of diameter 3.0 mm are connected
end-to-end. When stretched by a load, the net elongation is
found to be 0.70 mm. The load applied (in N) is
(Take, Yo =1.1x 10" Nm™%,¥s =2 % 10''Nm )

(@)1.8x10°N (b)2.5x10° N
(©)3.8x10%N () 6.1x107>N

[NCERT]

Sol. (a) The copper and steel wires are under a tensile stress
because they have the same tension (equal to the load W) and
the same area of cross-section A.

Stress = Strain X Young’s modulus

wz(él‘i]xycz(A_Lﬁ')xys
A g L

where the subscripts C and S refer to copper and stainless steel,

respectively.
&(i] L
ALy \Yc ) \Ls

L(;=2.2m,L5=1.6m
Ale _ 2x10%02.2
AL 1.1x10"™ 1.6

Given,

2.5

The total elongation is given to be
Alc +AlLg=7x10"m ...(ii)
Solving Egs. (i) and (ii), we get
Alg=5 " m,
ALg=2%10"*m
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W = (AXY: XALg)
Iz
_m(1.5x107%)x(1.1x10"" x5 x10™%)
- ) 2.2
=1.8x10°N

Example 7. A thin uniform metallic rod of length 0.5 m
and radius 0.1 m with an angular velocity 400 rad s in a
horizontal plane about a vertical axis passing through one of
its ends. Elongation in the rod (in m) is (Take, density of
material of the rod is10* kgm™ and Y =2 x 10" Nm™)
[NCERT]
107} 3 2 107
L2 b) —— < L
(@) 3 ( )]0_3 (c)mz (d 5
Sol. (a) Consider an element of length dx at a distance x from the
axis of rotation,

dF =dm xo* S
= pAdx- x- o h“-“:;d;;;\
F =pAm2I: xdx F
________ [:"'

= % pA®? (1> -x)

If dy is the elongation in the element of length dx, then

dy _ F
dx AY
2 o
dy=F—dx =pij. (> = x3 dx
AY|y 2y do
2 2
A
3Y

3

4 2 1)
Al_m x(400) x(z 10
3x2x10" 3

Example 8. A body of mass 3.14 kg is suspended from
one end of a wire of length 10 m. The radius of the wire is
changed uniformly from 9.8 x 10~ m at one end to
5x107* m at the other end. The change in length of the
wire is (Take, Y =2 x10'"" Nm™?)

@107%m  (B)10"'m ©@©107%m (@107 m
Sol. (c) Total change in length of the wire is
b-a r
tanf=——=-
L X
= r=xtan 0
=2 4
‘ll!!ii_
[— T\
L T
l«—b—)
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Change in dx length of the wire isdy = & B 5
Ry (a+r)
Fdx
or y=——
Ry(a + xtan 6)°

So, change in overall length of the wire,
AL F L dx
B oLl
0 Y ’0 (a+ xtan 6)

(= e )
nYtanO\a+xtan0)/,
Y FL

" ma(a+Ltan®)Y

B FL

 maby

(ra+LtanO=Db)

3.14x9.8x10
Al= 4 4 1
3.14x(9.8x107) x5x10~* x2x10

Al=10"m

Bulk Modulus of Elasticity (K)

It is defined as the ratio of the volumetric stress to the
volumetric strain. It is denoted by K. Thus,

_ Volumetric stress

~ Volumetric strain
Suppose a force F' acts uniformly over the whole
surface of the sphere (shown), decreasing its volume by

AV. Then,
_ FI/A
-AVIV
-FV pV
or .
AAV AV

The negative sign indicates that on increasing stress, the
volume of the sphere decreases. The units of bulk modulus
are Pa or Nm~2 in SI system.
Compressibility (C) The reciprocal of the bulk modulus
of the material of the body is ecalled the compressibility of
the material. Thus,

Compressibility (C) = E = = (ﬂ)

K VI{Ap

"in SI system.

Its unit is N"'m? or Pa~

Note Young's modulus and Bulk modulus for a perfectly rigid body is
infinity.

Example 9. A cube of metal is subjected to a hydrostatic
pressure of 4 GPa. The percentage change in the length of the
side of the cube is close to

(Take, Bulk modulus of metal, B =8 x10'° Pa)

[JEE Main 2020]
(a) 1.67 (b) 0.6 (c) 20 5
Sol. (a) Bulk modulus, B= o8 = AV__4p

v "
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AV Ap

— %X100% = -——x100%
Vv B
B 9
=410 < 100%
8x10
=—l X 10%
2
=-05%x10%=-5%
Now, v=I3 (for cube)
= I=(v)l/3
= Alx100%=l(ﬂ X100%J
| 3 LV

= L (=5%) =-167 %
3

So, length of cube will be decreased by 1.67%.

Modulus of Rigidity

The ratio of tangential stress to shearing strain is known
as modulus of rigidity. It is also called shear modulus. It
is denoted by Greek letter n (eta). Thus,

_ Tangential stress

- Shearing strain
Here, a body (shown) is acted upon by an external force

tangential to the surface of the body, the opposite face
being kept fixed, its volume remains unchanged. Then,

[} /’ (] /
Wi [
/ Fixed face |/
A B
i FIA
DD’'IAD
Here, tan¢ = ¢ = & [for small angle ¢]
_PA
(0
or S
Ao

The units of modulus of rigidity are Pa or Nm ™% in SI
system.

Note Modulus of rigidity (or shear modulus) is involved with solids only.
Modulus of rigidity for a solid is generally less than its Young's modulus.

Example 10. A square lead slab of side 50 cm and
thickness 10 cm is subject to a shaping force (on its narrow
face) of 9 x 10* N. The lower edge is riveted to the floor. The

upper edge is displaced by (Take, G =56 GPa) [NCERT]
(a) 0.30 mm (b) 0.16 mm
(c) 0.28 mm (d) 0.92 mm
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Sol. (b) The lead slab is fixed and the force is applied parallel to
the narrow face. The area of the face parallel to which this force is
applied is
g K5
50cm r g

e o T —
W =
1 I
U

A =50 cmx10 cm=0.5mx0.1m=0.05m’
. Stress applied = (9.4 x10*N/0.05 m)
=1.80 x10°Nm

We know that, shearing strain = ATX y Strgss

Stress x L

-~ Displacement, Ax=

_ (1.8x10°x0.5)
5.6x10°
=1.6x10"*m=0.16 mm

Example 11. A 5 cm cube has its upper face displaced by
0.2 cm by a tangential force of 8 N. The modulus of rigidity of
the material of cube is

(@) 5x10* Nm™

(b)6x10* Nm™

(©) 7x10* Nm

(d)8x10* Nm™?

Sol. (d) Here, I =5 cm=5%10"m,
Al=0.2cm=0.2%10"*m,F =8N
Shearing stress

Modulus of rigidity, n=
Shearing strain

n= 3200 _ 50000 Nm2
0.04

=8x10* Nm™?

Poisson’s Ratio (o)
The ratio of lateral strain to the longitudinal strain is
constant for a given material. This constant is called as
Poisson’s ratio.
o~ Lateral strain [ -AR ]/A_l
Longitudinal strain R l
Here, negative sign shows that if the length increases,

then the radius of wire decreases. Poisson’s ratio (o) has
no units and dimensions.

Theoretically, -1<6 = %

Practically, 0 <o < % while practically no substance has

been found for which o is negative.
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Example 12. A tension of 20 N is applied to a wire of
cross-sectional area 0.01 cm®. The decrease in cross-sectional
area is (Take, Young’s modulus of Cu=1.1x10"" Nm™ and
Poisson’s ratio = 0.32)
(@1.81x10~* cm?
(©)2.81x10°% cm?

Sol. (b) As, A—’=i=%=1.81x10-4
I AY 107 x1.1x10
Ar_

r

(b)1.16x10°° cm?
(d)5.23x107% cm?

o xA7’=0.32 x1.81x107*

A 2N 5%0.32%1.81x10~*
A r
=1.16x10"*

AA=A(1.16x107%

=1.16x107% cm?

and
[+ A=0.01cm’]

Stress-Strain Relationship

For a small deformation (say < 0.01) the longitudinal
stress is proportional to the longitudinal strain. But
when the deformation is not small, the relation of stress
and strain is complicated.

Figure below shows qualitatively relation between the
stress and strain of a stretched metal wire when the load
is gradually increased in it.

T D
@ AB ¢/ Plastic
[} f
b= behaviour
7]
Elastic
behaviour
() Strain—
In figure, A = proportional limit,
B = elastic limit,
C = yield point (lower)
and D = fracture point.

» Point A is limit of proportionality and beyond which
linear variation of stress and strain ceases. Hooke’s law
is valid in region OA and it is also called linear elastic
region.

» Point B is elastic limit, i.e. the maximum stress upto
which a metal wire regains its original shape (length)
after removal of applied load. Region AB is called
non-linear elastic region.

* Point C is called yield point, at this point yielding of
the wires begins, i.e. even if the stretching force is
removed the wire does not come back to its original
length, some permanent increase in length takes place.
The behaviour of wire is now plastic.
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* Point D is known as a fracture point. The stress
corresponding to this point is called breaking stress,
region BD represents plastic region.

If large deformation takes place between elastic limit and

the fracture point, the material is called ductile. If it

breaks soon after the elastic limit is crossed, it is called
brittle.

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

Example 13. The strain-stress curves of three wires of
different materials are shown in the figure. P, Q and R are the
elastic limits of the wires, the figure shows that

Y
P

Q
R

Strain

Stress X

(a) elasticity of wire P is maximum
(b) elasticity of wire Q is maximum
(c) elasticity of wire R is maximum
(d) None of the above

Sol. (c) As stress is shown on X-axis and strain on Y-axis.
1
So, we can say thaty =cot 0 = -

tan®  slope
So, elasticity of wire P is minimum and of wire R is maximum.

Important Points for Modulus of Elasticity (Y,

Kandn)

* The value of modulus of elasticity (Y, K andn) is
independent of the magnitude of the stress and strain.
It depends only on the nature of the material of the
body.

¢ There are three modulii of elasticity, i.e. Y, K andn
while elastic constants are four, i.e. Y, K, n and o.
Poisson’s ratio o is not modulus of elasticity as it is the
ratio of two strains and not of stress to strain.

Elastic constants are found to depend on each other
through the relations

Y=3K(1-2) andY =2n(1+0)
Eliminating 6 or Y between these, we get
_ 9Kn N 3K - 2n

= and
3K +n 6K + 2n

* The modulii of elasticity has same dimensional formula
and units as that of stress, since strain is
dimensionless, i.e. the dimensional formula for Y, K or
nis [MLT%], while unit is dyne cm-2 or Nm-2.

o Greater the value of modulii of elasticity, more elastic

i this material, As I o= (l) L (%]
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* The modulii of elasticity Y and ) exist only for solids as
liquids and gases cannot be deformed along one
dimension only and also cannot sustain shear strain.
However, K exists for all states of matter, i.e. solid,
liquid and gas.

* Gases being most compressible are least elastic while
solids are most, i.e. the bulk modulus of gases is very
low while that for liquids and solids is very high. i.e.

E

soli

e If a liquid of density p, volume V and Bulk modulus K
is compressed, then its density increases.

a> Eliqui(l >E

gas

3 M
As density, p = —
s density, p v

Hy Pl (D)
p 1%
But by definition of Bulk modulus,
_-Vap
AV
AV _Ap ...(i)
V K

From Egs. (1) and (ii), we get
Ap _p'-p_Ap
P P K

or p’=p(1+%)=p(1+CAp)

Work Done or Potential Energy Stored in
a Stretched Wire

When a wire is stretched, work is done against the
interatomic forces. This work is stored in the wire in the
form of elastic potential energy.

Let us consider a wire of length / and the cross-sectional
area A. If a force F acts along the length of the wire and
stretches it by x, then
" Strain  x/l  Ax
F= L X
l
So, work done for an additional small increase dx in length,
dW = Fdx =(YA/l)xdx
So, total work done in increasing the length by Al,

W = ) ﬁxdx
0 ]
e Y—;‘l(Az)2
- Work done per unit volume,
2
L (A—ZJ =1y (strainy?
Vv 2 l 2

( V = Al and strain = ATI)
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or E = £ Y x Strain x Strain
V 2
( Y = Stre§s or Y x Strain = Stress)
Strain
or K = — x Stress X Strain
vV 2
W 1F Al
or — =X —
Al 2A 1
or w=LFnl
2

W = %Load x Elongation

Thus, stored elastic energy is

Ui= %Stress x Strain x Volume
U= éY (Strain)® x Volume
U= %Load x Elongation

Example 14. Two steel wires having same length are
suspended from a ceiling under the same load. If the ratio of
their energy stored per unit volume is 1 : 4, the ratio of their
diameters is [JEE Main 2020]

(@ 2:1
(© 2%

(b) 1:2
d 1:2

Sol. (a) Elastic potential energy stored in a loaded wire,

U= % (Stress x Strain x Volume)

. Energy stored per unit volume,

u= o =l X Stress x Strain
Volume | 2
1(FT 1
=—| — x_
20A) Y

Here, both wires are of same material and under same load, so
the ratio of stored energies per unit volume, for both the wires

will be
1R
uy _2Y Aizl_a,j
g 1 FEAY
2Y A}
= U_A=£ ‘.‘A:nd—z
u;  di 4
Here, U—"=l
ug 4
dy 1 dy 1
So, L= r=t=—
dil4a B, 2
= d—"=\/5:1

B
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Example 15. A boy’s catapult is made of rubber cord
which is 42 cm long, with 6 mm diameter of cross-section and
of negligible mass. The boy keeps a stone weighing 0.02 kg
on it and stretches the cord by 20 cm by applying a constant
force. When released the stone flies off with a velocity of

20 ms™". Neglect the change in the area of cross-section of the
cord while stretched. The Young’s modulus of rubber is
closest to [JEE Main 2019]

(a) 10°Nm™ (b) 10°Nm™=  (¢) 108Nm™ (d) 10°Nm™

Sol. (a) When rubber cord is stretched, it stores potential energy
and when released, this potential energy is given to the stone as

kinetic energy.
m
| v

So, potential energy of stretched cord
=kinetic energy of stone

ly(A_L)ZA.Lzlmvz

2 \L 2

Here, AL=20cm =0.2m,L=42cm=0.42m,
v=20ms"',m=002kg
d=6mm=6x10"m

2 =3 2
A=nr2=n(g) g 2810
2 2

Rubber
cord (L

=n(3x107)?
=91 x10 7 m?
On substituting values, we get
mvil 002 x(20)* x0.42
AAD? " 91 x107° x (02)2
= 3.0 x10°Nm™
So, the closest value of Young’s modulus is10° Nm™

Thermal Stresses and Strains

When a body is allowed to expand or contract with
increasing temperature or decreasing temperature, no
stresses are induced in the body.

But if the deformation of the body is prevented, some
stresses are induced in the body. Such stresses are called
thermal stresses or temperature stresses. The
corresponding strains are called thermal strains or
temperature strains.

Lo,Y,A
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A body having linear dimensions is shown in above

figure.

Let the temperature of the rod be increased by an

amount £. The length of the rod would increase by an

amount A/ if it is not fixed at two supports. Here,
Al=lot

But since the rod is fixed at the supports, a compressive
strain will be produced in the rod.

Because at the increased temperature, the natural length
of the rod is [ + AL, while being fixed at two supports, its
actual length is /. Hence, thermal strain,

Al ot
E=—=—=0¢
l l
or £=0ut

Therefore, thermal stress,
S ="¢
or S =Youi

(. Stress = Y x Strain)

Example 16. ' A uniform cylindrical rod of length L and
radius r, is made from a material whose Young’s modulus of
elasticity equals Y. When this rod is heated by temperature T
and simultaneously subjected to a net longitudinal
compressional force F, its length remains unchanged. The
coefficient of volume temperature expansion of the material

of the rod, is (nearly) equal to [JEE Main 2019]
(@) 9F /(rr®YT)
(b) 6F / (mr®YT)
(c) 3F /(mr*YT)
(d) F/Bmr*YT)
Sol. (c) As length of rod remains unchanged,
F— |
— —

Strain caused by compressive forces is equal and opposite to the
thermal strain.

Now, compressive strain is obtained by using formula for Young's
modulus,

Compressive strain, ATI == ..(0)
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Also, thermal strain in rod is obtained by using formula for
expansion in rod,

Al =1 o AT

Thermal strain, Al =a AT ..(i)

From Egs. (i) and (ii), we get

F
——=aT [+ AT =T]
nr’y
F
= o=—G—
nreYT
Hence, coefficient of volume temperature expansion of rod is
Yy=3ua = T
nr’ YT

Example 17. A rod of length L at room temperature and
uniform area of cross-section A, is made of a metal having
coefficient of linear expansion o. /°C. It is observed that an
external compressive force F, is applied on each of its ends,
prevents any change in the length of the rod, when its
temperature rises by AT K. Young’s modulus Y for this metal is

[JEE Main 2019]
(a) £ (b) __F
2A00 AT A0(AT -273)
oF F
d) ——
© AOAT (@ ACAT

Sol. (d) If a rod of length L and coefficient of linear expansion
a/° C, then with the rise in temperature by AT K, its change in
length is given as

AL=L o AT
= A—L =0 AT L)

Also, when a rod is subjected to some compressive force (F), then
its” Young’s modulus is given as

_ Stress A
~ Strain E
L
YOl i
L YA

Since, it is given that the length of the rod does not change. So,
from Egs. (i) and (ii), we get

aAT=L
YA

Y= L
A0 AT
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Practice Exercise

Topically Divided Problems

Stress, Strain and Hooke’s Law

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

cable can support? [NCERT]
(a) 7x10° N (b) 7x10° N
© 7x10*N (d)9x10° N

2. A rectangular frame is to be suspended
symmetrically by two strings of equal length on two
supports (Fig.) It can be done in one of the
following three ways [NCERT Exemplar]

(i) (ii) (iif)
The tension in the strings will be
(a) the same in all cases
(b) least in (1)
(c) least in (i1)
(d) least in (iii)

3. Two identical wires of rubber and iron are
stretched by the same weight, then the number of
atoms in unit volume of iron wire will be
(a) equal to that of rubber
(b) less than that of the rubber
(c) more than that of the rubber
(d) None of the above

4. A force F is required to break a wire of length / and
radius r. What force is required to break a wire, of
the same material, having twice the length and six
times the radius?

(a) F (b) 3 F
©9F (d) 36 F

5. A substance breaks down by a stress of 10° Nm™2. If
the density of the material of the wire is
3 x 10? kgm ®, then the length of the wire of the
substance which will break under its own weight
when suspended vertically is
(a) 66.6 m (b) 60.0 m

(c) 33.3m (d) 30.0 m
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6. A body of mass m = 10 kg is attached to a wire of

7. A mild steel wire of length 2L and cross-sectional

. In the figure, three identical springs are shown.

. A load suspended by a massless spring produces an

length 0.3 m. The maximum angular velocity with
which it can be rotated in a horizontal circle is
(Breaking stress of wire = 4.8 x 10 Nm and area
of cross-section of a wire = 10~ m?)

(a) 4 rads! (b) 8 rads!

(c) 1 rads! (d) 2 rads!

area A is stretched, well within elastic limit,
horizontally between two pillars as shown in figure.
A mass m is suspended from the mid-point of the
wire. Strain in the wire is [NCERT Exemplar]

2

2
% - %
(b) Z (c) T (d) ﬁ

2

@

From spring A, a mass of 4 kg is hung and spring
shows elongation of 1 cm. But when a weight of

6 kg is hung on B & C as shown in figure, the hook
descends through

(a) 1 cm (b) 2 cm (c) 3cem (d) 4 cm

extension of x em, in equilibrium. When it is cut
into two unequal parts, the same load produces an
extension of 7.5 cm when suspended by the larger
part of length 60 cm. When it is suspended by the
smaller part, the extension is 5.0 cm. Then

(a) x=12.5

(b) x=3.0

(c) the length of the original spring is 90 cm

(d) the length of the original spring is 80 cm
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10. The length of an elastic string is @ metre when the
tension is 4 N and b metre when the tension is
5 N. The length in metre when the tension is 9 N, is
(@)4a-5b (b) 5b—4a
(c) 96 -9a d)a+b

Types of Modulus of Elasticity

11. The ratio of diameters of two wires of same
materials is n : 1. The length of each wire is 4 m.
On applying the same load, the increase in length
of thin wire will be (n > 1)
(a) n? times (b) n times
(c) 2n times (d) (2n + 1) times

12. A rigid bar of mass M is supported symmetrically
by three wires each of length /. Those at each end
are of copper and the middle one is of iron. The
ratio of their diameter, if each is to have the same
tension, is equal to [NCERT Exemplar]

(a) Yco er /Yu'o (b) SHren
r chpper
(C) Yi%on (d) Yiron
2

copper copper

13. If the ratio of lengths, radii and Young’s moduli of
steel and brass wires in the figure are a, b and ¢
respectively, then the corresponding ratio of
increase in their lengths is [JEE Main 2013]

LIl
Steel
/ M
Brass
/ v
(@) ¢ &
2ab® b
3a 2ac
—_— d
© 2b% @ b*

14. In an experiment, brass and steel wires of length
1 m each with areas of cross-section 1 mm? are
used. The wires are connected in series and one end
of the combined wire is connected to a rigid support
and other end is subjected to elongation. The stress
required to produce a net elongation of 0.2 mm is

[Take, the Young’s modulus for steel and brass as
120 x 10°Nm 2 and 60 x 10° Nm 2, respectively]
[JEE Main 2019]

(1) 0.2 x10° Nm™
(d)4.0 x10° Nm™

(a) 1.2 x 10° Nm™
(¢)8x10° Nm™
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Speed of a transverse wave on a straight wire
(mass 6.0 g, length 60 cm and area of cross-section
1.0 mm?) is 90 ms . If the Young’s modulus of wire
is 16 x 10" Nm 2, the extension of wire over its
natural length is [JEE Main 2020]

(a) 0.01 mm (b) 0.04 mm
(¢) 0.03 mm (d) 0.02 mm
A thick rope of rubber of density 1.5 x 10° kgm™

and Young’s modulus 5 x 10° Nm™, 8 m in length is
hung from the ceiling of a room, the increase in its
length due to its own weight is

(a) 9.6 X 102 m (b) 19.2 x 102 m

(c) 9.6 x 103 m (d) 9.6 m

A substance breaks down by a stress of 106 Nm=2.
If the density of the material of the wire is

3 x 10% kgm ~®, then the length of the wire of that
substance which will break under its own weight
when suspended vertically is nearly

(a) 3.4 m (b) 34 m (c) 340 m (d) 3400 m

A copper wire of negligible mass, 1 m length and
cross-sectional area 107° is kept on a smooth
horizontal table with one end fixed. A ball of mass
1 kg is attached to the other end. The wire and the
ball are rotated with an angular velocity 20 rad s.
If the elongation in the wire is 10 m, then the
Young’s modulus is
(a) 4 x 10" Nm-2

(c) 8 x 10" Nm2

(b) 6 x 10! Nm-2
(d) 10 x 10" Nm2

Two wires of the same material and length are
stretched by the same force. Their masses are in
the ratio 3:2. Their elongations are in the ratio

(a)3:2 (b)9:4
@©2:3 (d)4:9
The dimensions of four wires of the same material

are given below. In which wire, the increase in
length will be maximum?

(a) Length 100 cm, Diameter 1 mm

(b) Length 200 ¢cm, Diameter 2 mm

(c) Length 300 cm, Diameter 3 mm

(d) Length 50 ¢cm, Diameter 0.5 mm

Two wires of the same length and same material
but radii in the ratio of 1 : 2 are stretched by
unequal forces to produce equal elongation. The
ratio of the two forces is

@1:1 (b)1:2
(©2:3 (d)1:4
Two wires of the same material have lengths in the

ratio 1 : 2 and their radii are in the ratio 1:+/2. If
they are stretched by applying equal forces, the
increase in their lengths will be in the ratio of

(a) ﬁ:Z () 2:4/2 (c) 1:1 (d) 1:2
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23. When a weight of 5 kg is suspended from a copper
wire of length 30 m and diameter 0.5 mm, the
length of the wire increases by 2.4 cm. If the
diameter is doubled, the extension produced is
(a)1.2em (b) 0.6 cm (c) 0.3 cm (d) 0.15 cm

24. 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 /. Another wire
of the same material of length 4 L, radius 4r is
pulled by a force 4F. The increase in length will be

l
— l
(a) 3 (b)
(c)21 (c) 4l
25. A wire extends by 1 mm when a force is applied.
Double the force is applied to another wire of same

material and length but half the radius of
cross-section. The elongation of the wire (in mm)

will be
(a) 8 (b) 4
©2 @1

26. A steel ring of radius r and cross-sectional area A is
fitted on a wooden disc of radius R(R > r). If
Young’s modulus be E, then the force with which
the steel ring is expanded is

R-1)

(a) AEB (b) AE—~
T r

E(R-r
(C)Z( A )

27. A wire is stretched 1 mm by a force of 1 kN. How
far would a wire of the same material and length
but of four times that diameter be stretched by the
same force ?

Er
(d) AR

1. 1
(a) 2 mm (b) P mm

1 1

(c) 5 mm (d) R mm

28. Two bars A and B of circular cross-section and of
same volume and made of the same material are
subjected to tension. If the diameter of A is half
that of B and if the force applied to both the rods is
the same and it is in the elastic limit, the ratio of
extension of A to that of B will be
(a)16:1 (b)8:1
(c)4:1 o : 1

29. A steel wire has length 2 m, radius 1 mm and
Y =2x 10" Nm 2. A 1 kg sphere is attached to one
end of the wire and whirled in a vertical circle with
an angular velocity of 2 revolutions per second.
When the sphere is at the lowest point of the
vertical circle, the elongation of the wire is nearly
(Take, g = 10 ms™)
(a) 1 mm
(c) 0.1 mm

(b) 2 mm
(d) 0.01 mm
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30. Two wires of equal cross-section but one made of
steel and the other of copper are joined end-to-end.
When the combination is kept under tension, the
elongations in the two wires are found to be equal.
What is the ratio of the lengths of the two wires?
(Given, Y for steel =2 x 10"'"Nm 2 and Y for
copper = 1.1 x 10" Nm 2)
(a)2:11
(¢)20:11

(b)y11:2
(d)11:20

31. The Young’s modulus of brass and steel are
10 x 10'° Nm 2and 2 x10'! Nm2, respectively. A
brass wire and a steel wire of the same length are
extended by 1 mm under the same force. The radii of
the brass and steel wires are Ry and Rg respectively,
then

(a) Ry =2Ry (b) Rg = %
Ry
(¢) Ry =4Ry (d) Rg = )

32. When the tension in a metal wire is 7}, its length is

[;. When the tension is 75, its length is /,. The

nat%ral length of wire is

(a) Fz 4 +1) (b) Ty, + Tyl
1

©2h-bh @ 4L+ BT
T,-T T+ T

33. Two wires, one made of copper and other of steel
are joined end-to-end (as shown in figure). The area
of cross-section of copper wire is twice that of steel
wire.

A

? ( Copper

s

Y,

They are placed under compressive force of
magnitudes F. The ratio for their lengths such that
change in lengths of both wires are same is (Y =
2x 10" Nm?and Y, = 1.1 x 10" Nm™?)

(a)2:1 b)y1.1:1

(©1:2 (d)2:3

34. A uniform slender rod of length L, cross-sectional
area A and Young’s modulus Y is acted upon by the
forces shown in the figure. The elongation of the rod
is

L/3

— —|—

3F oF
3FL 2FL
(@) —— b)) —
5AY 5FY
3FL 8FL
(c) d—
8AY 3AY
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35. The stress versus strain graphs for wires of two
materials A and B are as shown in the figure. If Y,
and Y, are the Young’s modulus of the materials,

then

Strain
(a)Yp =2Y, b)Y, =Y
(C) YB =3YA (d) YA =3YB

36. One end of steel wire is fixed to ceiling of an
elevator moving up with an acceleration 2 ms and
a load of 10 kg hangs from other end. Area of
cross-section of the wire is 2 cm?. The longitudinal
strain in the wire is (Take, g = 10 ms and
Y =2 x 10" Nm?)
(a) 4 x 101
(c)8x 1078

(b)3x10°8
(d)2x10°°

37. The upper end of a wire of radius 4 mm and length
10 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°

38. A rubber rope of length 8 m is hung from the
ceiling of a room. What is the increase in length of
the rope due to its own weight? (Given, Young’s
modulus of elasticity of rubber = 5 x 10 Nm ™2,
density of rubber = 1.5 x 10® kgm~? and

g=10ms™)
(a) 1.5 mm (b) 6 mm
(c) 24 mm (d) 96 mm

39. A solid sphere of radius » made of a soft material of
bulk modulus K is surrounded by a liquid in a
cylindrical container. A massless piston of area a
floats on the surface of the liquid, covering entire
cross-section of cylindrical container. When a mass
m is placed on the surface of the piston to compress

the liquid, the fractional decrement in the radius of

the sphere ﬂ) is

r [JEE Main 2018]
K K
(@) = o) o
mg 3mg
mg mg
ik - >
© 3Ka @ Ka

40.

If the compressibility of water is ¢ per unit
atmospheric pressure, then the decrease in volume
V due to atmospheric pressure p will be

(@)o p/V (b) opV

(¢)o/pV (d)oVip
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A cube is compressed at 0°C equally from all sides
by an external pressure p. By what amount should
the temperature be raised to bring it back to the
size it had before the external pressure was
applied? (Take, K as bulk modulus of elasticity of
the material of the cube and o as the coefficient of
linear expansion)

P B
W ®) ke
(0 3™ @X

p 3p

A cube is shifted to a depth of 100 m in a lake. The
change in volume is 0.1%. The bulk modulus of the
material is nearly
(a) 10 Pa
(c) 10" Pa

(b) 10* Pa
(d) 10° Pa

A cube is subjected to a uniform volume
compression. If the side of the cube decreases by 1%
the bulk strain is
(a) 0.01

(¢) 0.03

(b) 0.02
(d) 0.06

is placed in a chamber at atmospheric pressure. If
the chamber is evacuated, the percentage change
in its volume will be (Take, compressibility of
copper is 8 x 1072 m?> N~! and 1 atm = 10° Nm2)
(a) 8 x1077 (b) 8 x107°

(c) 1.25 x107* (d) 1.25 x107°

The compressibility of water is 6 x 10 N'm?. If

one litre is subjected to a pressure of 4 x 10" Nm 2.
The decrease in its volume is
(a) 2.4 cc (b) 10 cc

(c) 24 cc (d) 15 cc

Forces of 100 N each are applied in opposite
directions on the upper and lower faces of a cube of
side 20 cm. The upper face is shifted parallel to
itself by 0.25 cm. If the side of the cube were 10 c¢cm,
then the displacement would be

(a) 0.25 cm (b) 0.5 cm

() 0.75 cm (d) 1 ecm

The Young’s modulus of the material of a wire is
6 x 102 Nm and there is no transverse strain in
it, then its modulus of rigidity will be

(a) 3% 10> Nm2 (b) 2 X10'> Nm-2

(c) 10" Nm-2 (d) None of these

Equal torsional torques act on two rods x and y
having equal length. The diameter of rod y is twice
the diameter of rod x. If0, and 0, are the angles of
twist, then —* is equal to

ey
(a)1 (b) 2

(c) 4 (d) 16
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from the body are slower due to frictional drag between
the layers.

Newton postulated that the shear stress t between lay-
ers for uniform flow of a fluid in parallel layers is propor-
tional to the time rate of strain.

Remember, in the case of solids, shear stress is propor-
tional to the shear strain. In the case of fluids which flow,
shear stress is proportional to the strain rate. Suppose Ax
is the relative horizontal displacement, in time interval At,
of a layer of fluid with respect to the neighbouring layer

Ax
below at a vertical distance Ay, the shear strain is = The
y

1
strain rate is A_t(_J . In the limit of infinitesimal values

Ay

of Ax, Ay and At, strain rate = i(d_x] = L , where we
dyldt) dy

have interchanged At and Ay, without loss of generality and

defined the relative velocity of the upper layer as v. :—V is
Y
the gradient of the velocity profile. According to Newton’s

postulate,

where 1, the coefficient of proportionality is known as the

. . W Force
coefficient of viscosity. Since stress =
area

, we may also
write the equation as

F= —nAd—v
dy

The negative sign indicates that the frictional force is
opposite to the direction of flow.

The SI unit of viscosity is pascal second (Pa s) and
its dimensional formula is ML™'T™". Pa s is also known as
poiseuille (P7).

The CGS unit of viscosity is poise (P) and its relation
to SI unit is

10P = 1 Pa s = 1 P/; 1 decapoise = 1 poiseuille

1 centipoise, ¢P = 0.001 Pa s

At room temperature, water has viscosity of about
1.0 x 107 Pa s and in comparison olive oil has viscosity of
about 81 x 10 Pa s
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Popular usage is that water is “thin” whereas oil is
“thick”.

Stoke’s law

Stokes showed that the viscous force F acting on a sphere of
radius a, moving with velocity v through a medium whose
coefficient of viscosity is 1, is given by

F = 6nnav

The formula can be derived by dimensional methods.
We assume that the force is proportional to powers of
M, a and v and write F = Kn*a'v%, where K is the dimension-
less constant.
The above corresponds to its dimensional equivalent,
MLT %= (MIATFIZ (LTF = MLT# = ME e T2
" x=1,-x+y+z=1—x-z=-2;Solving, x =1,
y=Lz=1
Stokes law is F = Knav
Experiments showed that K = 6,
F = 6mnav

Stokes law is derived assuming that
(i) the medium is infinite in extent
(ii) the moving body is small in size
(iii) the moving body is rigid and smooth

Terminal velocity

A small solid sphere of radius a and density p falls through
an infinite column of highly viscous liquid of density
o. The body initially accelerates and after moving down
some distance, attains a steady velocity called the terminal
velocity.

When the sphere is moving with uniform terminal ve-
locity the force balance equation is

4 4
6nnav. + gna og = gna pg

Here the first term is the viscous force, the second term
is the force of buoyancy and the term on the right is the
weight of the sphere. Simplifying, we get, for the terminal

velocity v..
s
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49. Two rods A and B of the same material and length
have their radii r and r,, respectively. When they
are rigidly fixed at one end and twisted by the same
couple applied at the other end, the ratio of the
angle of twist at the end of A and the angle of twist

at the end of B is
r24 rl‘l
(@) = (b) =
n Iy
2 2
(c)% (d)%

-
b

Thermal Stress, Strain and
Poisson’s Ratio

50. A 1 m long wire is stretched without tension at
30°C between two rigid supports. What strain will
be produced in the wire if the temperature falls to
0°C ? (Given, o =12x 10°K™)

(a) 36 x10°° (b) 64 x107°
(c) 0.78 (d) 0.32

51. Two different wires having lengths L, and L, and

respective temperature coefficients of linear
expansion o, and ¢, are joined end-to-end. Then
the effective temperature coefficient of linear
expansion is [JEE Main 2020]

ouL; + oL,
L = 2 9
(a) Lt h (b) 2,00,
© oy + Oy @ 4 0, 0Ly L,L, .
2 oy + 0y (Ly+ L))"

52. At 40°C, a brass wire of 1 mm radius is hung from
the ceiling. A small mass M is hung from the free
end of the wire. When the wire is cooled down from
40°C to 20°C, it regains its original length of 0.2 m.

The value of M is close to

(Coefficient of linear expansion and Young’s
modulus of brass are 10 °/°C and 10'! N/m?
respectively, g =10 ms ) [JEE Main 2019]
(a) 9kg (b) 0.5 kg (d) 0.9 kg

A uniform wire (Young's modulus 2 x 10'! Nm ) is

(¢) 1.5kg
53.

subjected to longitudinal tensile stress of

5x 107 Nm 2. If the overall volume change in the
wire is 0.02%, the fractional decrease in the radius
of the wire is close to [JEE Main 2013]
(a) 1.0x10™"

(¢) 0.25x107*

() 1.5x10™
(d) 5x10™*

54. The temperature of a rod of length 1 m and area of
cross-section 1 ecm? is inereased from 0°C to 100°C.
If the rod is not allowed to increase in length, the
force required will be (Take, o. = 107°/°C and

Y = 10" N/m?)
(a) 10° N

(¢) 10° N

(b) 10* N
(d) 10°N
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Potential Energy Stored in
Stretched Wire

57. Modulus of rigidity of ideal liquids is

58.

59.

60.

61.
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For a given material, the Young’s modulus is 2.4
times that of modulus of rigidity. Its Poisson’s ratio
is

(a) 0.1 (b) 0.2

(c) 0.3 (d) 0.4

When a rubber cord is stretched, the change in
volume with respect to change in its linear
dimensions is negligible. The Poisson’s ratio for
rubber is
(a) 1 (b) 0.25

(c) 0.5 (d) 0.75

(a) infinity
(b) zero
(c) unity
(d) some finite small non-zero constant value

[NCERT Exemplar]

A spring is extended by 30 mm when a force of

1.5 N is applied to it. Calculate the energy stored in
the spring when hanging vertically supporting a
mass of 0.20 kg, if the spring was relaxed before
applying the mass.
(a) 0.01dJ (b)0.024J

(c) 0.04 J (d) 0.08J

Two wires of the same material (Young’s modulus
Y) and same length L but radii R and 2R
respectively are joined end-to-end and a weight w is
suspended from the combination as shown in the
figure. The elastic potential energy in the system is

w’L
nR%Y

5w’L
8nR%Y

3w’L
8nR%Y

3w”L )

@ mr?Y

(d)

(c)

A wire suspended vertically from one of its ends is
stretched by attaching a weight of 200 N to the
lower end. The weight stretches the wire by 1 mm.
Then, the elastic energy stored in the wire is

(a) 0.24J (b) 10 J

(c) 204 (d)0.14J

A height spring extends 40 mm when stretched by
a force of 10 N and for tensions upto this value, the
extension is proportional to the stretching force.
Two such springs are joined end-to-end and the
double length spring is stretched 40 mm beyond its
natural length. The total strain energy (in joule)
stored in the double spring is

(a) 0.05 (b) 0.10 (c) 0.80 (d) 0.40
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62. The force constant of a wire is £ and that of another
wire of the same material is 2k. When both the
wires are stretched, then work done is
(@) Wy=15W, by W,=2W,
© Wy=W, @ W,=05W,

63. If the shear modulus of a wire material is
5.9 x 10" dyne cm 2, then the potential energy of a
wire of 4 x 10° cm in diameter and 5 cm long

twisted through an angle of 10°, is
(a) 1.253 x 10712J (b) 2.00 x 10712 J
(c) .00 x 1072 J (d) 0.8 x10712J

64. Two cylinders of same material and of same length
are joined end-to-end as shown in figure. The upper
end of A is rigidly fixed and their radii are in ratio
of 1: 2. If the lower end of B is twisted by an angle

0, the angle of twist of cylinder A is

© 59

15 16 17
—0 —50 d)—6
@ 16 Y 15 17 ©@ 16

65. Two wires of the same material and length but
diameters in the ratio 1 : 2 are stretched by the
same force. The potential energy per unit volume
for the two wires when stretched will be in the ratio
(@16:1 (b)4:1

©2:1 d1:1

If the work done in stretching a wire by 1 mm is

2 J, the work necessary for stretching another wire
of same material but with double radius of
cross-section and half the length by 1 mm is

(a)iJ ()4 J
©8J @167

66.

67. A copper wire 2 m long is stretched by 1 mm. If the
energy stored in the stretched wire is converted to
heat, calculate the rise in temperature of the wire.
(Take, Y = 12 x 10" dyne em?, density of copper
=9 gem™ and specific heat of copper
=0.1calg°C™)
(a) 252°C

(c) 1000°C

(b) (1/252)°C
(d) 2000°C
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68. A wire (Y =2 x 10" Nm™) has length 1 m and
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69.

70.

71.

72

.
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cross-sectional area 1 mm? The work required to
increase the length by 2 mm is

(a) 0.44J (b)y4d

(c)40d (d) 400 J

The increase in length on stretching a wire is
0.05%. If its Poisson’s ratio is 0.4, the diameter is
reduced by

(a) 0.01% (b) 0.02%

(c) 0.03% (d) 0.04%

The following data were obtained when a wire was

stretched within the elastic region
Force applied to wire = 100 N
Area of cross-section of wire = 10 ¢ m?
Extension of wire = 2 x 10 °m
Which of the following deductions can be correctly
made from this data?
I. The value of Young’s modulus is 10" Nm 2.
II. The strain is 1072,
III. The energy stored in the wire when the load is
applied is 10 J.

(a) I, IT and III (b) I and II
(c) Only I (d) Only III
When a 4 kg mass is hung vertically on a light

spring that obeys Hooke’s law, the spring stretches
by 2 cm. The work required to be done by an
external agent in stretching this spring by 5 cm
will be
(a)4.94d
(c) 0.495 J

(b) 2.45J
(d) 0.245 J

Consider two cylindrical rods of identical

dimensions, one of rubber and the other of steel.

Both the rods are fixed rigidly at one end to the

roof. A mass M is attached to each of the free ends

at the centre of the rods, then [NCERT Exemplar]

(a) Both the rods will elongate but there shall be no
perceptible change in shape

(b) the steel rod will elongate and change shape but
the rubber rod will only elongate

(c) the steel rod will elongate without any perceptible
change in shape, but the rubber rod will elongate
and the shape of the bottom edge will change to an
ellipse.

(d) the steel rod will elongate, without any perceptible
change in shape, but the rubber rod will elongate
with the shape of the bottom edge tapered to a tip
at the centre
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M) Mixed Bag

Only One Correct Option

1. Aload of 4.0 kg is suspended from a ceiling through
a steel wire of length 2.0 m and radius 2.0 mm. It is
found that, the length of the wire increases
by 0.031 mm as equilibrium is achieved.

Taking, g = 3.1 n ms?, the Young’s modulus of steel
is

(a) 2.0 x 10® Nm 2 (b) 2.0 x 10° Nm2

() 2.0 x 10" Nm 2 (d) 2.0 x 10'* Nm-2

2. A wire of length 2 L and radius r is stretched
between A and B without the application of any
tension. If Y is the Young modulus of the wire and
it is stretched like ACB, then the tension in the
wire in this position will be

O 2 L*
nr’Y 2 LA arlY 2L
S ekl d) —— =~

(© ’E () —

3. One end of a uniform rod of mass m,, uniform area
of cross-section A is suspended from the roof and
mass ms is suspended from the other end. What is
the stress at the mid-point of the rod?

(@) (m; +my)g/ A (b) (m; —my)glA

(my 12)+ my m, + (my/2)
o[ mZem], W) ™

4. A man grows into a giant such that his linear
dimensions increase by a factor of 9. Assuming that
his density remains the same, the stress in the leg
will change by a factor of [JEE Main 2017]

1 1
(a) 5 (b) 81 (c) 81 (@9
5. The graph shown was obtained from the

experimental measurements of the period of

oscillation 7 for different masses M placed in the
scale pan on the lower end of the spring balance.

The most likely reason for the line not passing

through the origin is that

T2
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. A rectangular bar 2 cm in breadth and 1 cm in

. Find the ratio of Young's modulus of wire A to

. If work done in stretching a wire by 1 mm is 2 J,

. A steel wire of length 20 cm and uniform

[T-NEET

ELASTICITY

(a) spring did not obey Hooke’s law

(b) amplitude of oscillation was too large
(c) clock used needed regulation

(d) mass of the pan was not neglected

depth and 100 cm in length is supported at its ends
and a load of 2 kg is applied at its middle. If
Young’s modulus of the material of the bar is

20 x 10" dyne cm2, the depression in the bar is

(a) 0.2450 cm (b) 0.3675 cm

(c) 0.1225 cm (d) 0.9800 cm

wire B.
Stress
Strain
(a)1:1 (b)1:1
(¢)1:3 (d)1:4

the work necessary for stretching another wire of
same material, but double the radius and half
length by 1 mm is
(a) (1/4) J

(c)8dJ

(b)4dJ
(d)164d

cross-section 1 mm? is tied rigidly at both the ends.
The temperature of the wire is altered from 40°C to
20°C. Coefficient of linear expansion of steel is

oo =1.1x10°°C' and Y for steel is 2.0 x 10! Nm?,

the tension in the wire is
(a) 2.2 x 106 N

(c) 8N

(b) 16 N
(d)44 N

The stress-strain graph for a metallic wire is shown
at two different temperatures 7] and 7,. Which
temperature is high 7] or 7,?

Strain
T
T
Stress
@71 >T, b) T, > T,
©L =T, (d) None of these
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11. A wire is suspended from the ceiling and stretched
under the action of a weight F suspended from its
other end. The force exerted by the ceiling on it is

equal and opposite to the weight, then
[NCERT Exemplar]

(a) tensile stress at any cross section A of the wire is
FIA

(b) tensile stress at any cross section is zero

(¢c) tensile stress at any cross section A of the wire is
2F/A

(d) tension at any cross section A of the wire is O

12. A copper wire of length 1.0 m and a steel wire of
length 0.5 m having equal cross-sectional areas are
joined end-to-end. The composite wire is stretched
by a certain load which stretches the copper wire by
1 mm, If the Young’s modulii of copper and steel
are respectively 1.0 x 10" Nm 2 and
2.0 x 10" Nm 2, the total extension of the composite
wire is [JEE Main 2013]
(a) 1.7 mm(b) 2.0 mm (c) 1.50 mm (d) 1.25 mm

13. Figure shows a 80 ecm square brass plate of
thickness 0.5 em. It is fixed at its bottom edge.
What tangential force F must be exerted on the
upper edge, so that the displacement x of this edge
in the direction of force is 0.16 mm?

(The shear modulus of brass is 3.5 x 10'°Pa.)

—F
(a)2.8x 10°N (b)3.8x 107'N
(©5x10°N (d4x 10°N

14. The stress-strain graphs for two materials are
shown in figure. (assume same scale).
[NCERT Exemplar]

Ultimate tension
strength

Ultimate tension
strength
Linear —~ Fracture Point
limit

Fracture Point

Stress

Strain E
Material (ii)

Strain E

Material (i)

(a) Material (i) is more elastic than material (ii) and
hence material (i1) is more brittle.

(b) Materials (i) and (ii) have the same elasticity and
the same brittleness.

(c) Material (ii) is elasti¢c over a larger region of strain
as compared to material (i).

(d) Material (ii) is less brittle than material (i).
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15.

16.

17.

18.

19.

20.
21.

22
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Given, initial stretching force on rod = 100 kN and
initial elongation = 1.59 x 10 m. What is the
increase in elastic potential energy when the
stretching force is increased by 200 kN?

(a) 238.5J (b) 636.0 J
(c) 115.54 (d) 79.5d
The pressure that has to be applied to the ends of a

steel rod of length 10 cm to keep its length constant
when its temperature is raised by 100°C is (For
steel Young’s modulus is 2 x 10" Nm 2 and
coefficient of thermal expansion is 1.1 x 107> K™)
[JEE Main 2014]

(b) 2.2x10° Pa
(d) 2.2x10° Pa

(a) 2.2x10° Pa
(c) 2.2 10" Pa
When the temperature of a metal wire is increased

from 0°C to 10°C, its length increases by 0.02%.
The percentage change in its mass density will be

closest to [JEE Main 2020]
(a) 0.06 (b) 2.3

(c) 0.008 (d) 0.8

Determine the volume contraction of a solid copper

cube, 10 cm on an edge, when subjected to a
hydraulic pressure of 7 x 10° Pa. (Take, K for
copper = 140 x 10° Pa) [NCERT]
(2)5x 107" m® (b)4x 10°° m®

(©5x107° m® (d)6x 107® m?

The bulk modulus of a metal is 8 x 10° Nm and
its density is 11 gem. The density of this metal
under a pressure of 20000 N cm? will be (in gem™)

440 431
® 39 ®) 59
451 40
7 ) Pl
(@] 39 (d) 39
The Poisson’s ratio of a material is 0.1. If the

longitudinal strain of a rod of this material is 103,
then the percentage change in the volume of the
rod will be

(a) 0.008% (b) 0.08%

(c) 0.8% (d) 8%

A solid block of silver with density 10.5 x 10 kg m™
is subjected to an external pressure of 107 Nm2 If

the bulk modulus of silver is 17 x 10'° Nm2, the
change in density of silver (in kg m~) is

(a) 0.61 (b) 1.7
(c) 6.1 (d) 17x10°
When a weight w is hung from one end of the wire

other end being fixed, the elongation produced in it
be [. If this wire goes over a pulley and two weights
w each are hung at the two ends, the elongation of
the wire will be
(a)4!/ (b)217

(@1 (d)7/2
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23. A sonometer wire of length 1.5 m is made of steel.
The tension in it produces an elastic strain of 1%.
What is the fundamental frequency of steel, if
density and elasticity of steel are 7.7x 10° kg/m?®
and 2.2 x 10" N/m?, respectively?  [JEE Main 2013]
(a) 188.5 Hz (b) 178.2 Hz
(c) 200.5 Hz (d) 770 Hz

24. A pendulum made of a uniform wire of
cross-sectional area A has time period 7. When an
additional mass M is added to its bob, the time
period changes T),. If the Young’s modulus of the

material of the wire is Y, then % is equal to
(g = gravitational acceleration) [JEE Main 2015]
2 2
o[BI alh (5|2
T Mg T A
TM)2 A ( T ] A
1 - N D1-|=—] | =
(C){ (T Mg (d) T,) | Mg
25. The twisting couple per unit twist for a solid
cylinder of radius 3 ¢m is 0.1 N-m. The twisting
couple per unit twist, for a hollow cylinder of same
material with outer and inner radius 5 cm and
4 cm respectively, will be

(a) 0.1 N-m
(c) 0.91 N-m

(b) 0.455 N-m
(d) 1.82 N-m

26. A rigid 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 wire
is to have the same tension. (Take, Young’s
modulus of elasticity for copper and steel are
110 x 10° N/m? and 190 x 10° N/m?, respectively.)

[NCERT]
d23:1

(@1:1.3 (b 13:1

27. The wires A and B shown in figure, are made of the
same material and have radii r, and r, respectively.
A block of mass m is connected between them. When
a force F'is mg/3, one of the wires breaks, then which
of the following option is correct?

3 : 1.3

A

m

F

(a) A will break before Bif ry > 1z

(b) A will break before Bif ry =1

(c) Either A or B will break if ry =21

(d) The length of A and B must be known to decide
which wire will break
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28. A uniform rectangular bar of area of cross-section A
is fixed at one end and on other end force F is
applied as shown in figure. Find the shear stress at
a plane through the bar making an angle 6 with the
vertical as shown in figure.

! T—F
N
Rigid wall
F F
(a)ZA(cos ) (b)2A

(c) 2% (sin20) (d) % cos 0

29. A uniform rod of length L and area of cross-section
A is subjected to tensile load F. If 6 be Poisson’s
ratio and Y be the Young’s modulus of the material
of the rod, then find the volumetric strain produced

in roFd. ¥
(a)ﬁ(1+20) (b)H(l—ZO')
(c) Zero (d) None of these

30. A solid sphere of radius r made of a material of
Bulk modulus K 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, the
fractional change in the radius of the sphere (Ar/r)
is
(a) Ka/mg (b) Ka /3mg
(c) mg/3Ka (d) mg/Ka

31. A pendulum clock loses 12 s a day, if the
temperature is 40°C and gains 4 s in a day, if the
temperature is 20°C. The temperature at which the
clock will show correct time and the coefficient of
linear expansion (o) of the metal of the pendulum
shaft are, respectively [JEE Main 2016]
(a) 25°C, . =1.85x 10 /°C
(b) 60°C, 0.=1.85x 107*/°C
(c) 30°C, . =1.85x 107® /°C
(d) 55°C, 0.=1.85x 1072/°C

32. A steel 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 4.0x 10°m? under a given load. The ratio of
the Young’s modulus of steel to that of copper is
[NCERT]
(a)1.2:1
@15:1

(b)1.8:1
(d)1.19:1
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33. The Poisson’s ratio of a material is 0.4. If a force is
applied to a wire of this material, there is a
decrease of cross-sectional area by 2%. The
percentage increase in its length is
(a) 3% (b) 2.5%

(c) 1% (d) 0.5%

34. The ratio of lengths, radii and Young’s modulus of
steel and brass wires shown in the figure are a, b
and ¢, respectively. The ratio between the increase
in length of brass and steel wires would be

Brass
2kg
Steel
il
b%a be
) 2¢c ®) 2a”
ba? c
c)— d)——
© 2¢ @ 2b%a
35. A wire of cross-sectional area A is stretched

horizontally between two clamps loaded at a
distance 2/ metres from each other. A weight w kg is
suspended from the mid-point of the wire. The strain
produced in the wire, (if the vertical distance
through which the mid-point of the wire moves down
x < 1) will be

(a) x*/1*

(b) 2x%*

() x*R1*

(d) x/21

36. A boy’s catapult is made of rubber cord 42 cm long
and 6 mm in diameter. The boy keeps a stone
weighing 0.02 kg on it and stretches the cord by
20 cm. When released, the stone flies off with a
velocity of 20 ms . Neglect the change in the
cross-section of the cord in stretched position. The
stress in the rubber cord is

(2) 1.8 x 10° Nm™*

(b) 1.4 x 10° Nm
(c) 2.4 x 10° Nm
(d) 1.8 x 10° Nm™*

-2
-5
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37. One litre of a gas is maintained at pressure 72 cm

Numerical Value Questions
38.

39.

40.

41.

42.

43.

ELASTIGITY

of mercury. It is compressed isothermally, so that
its volume becomes 900 cm®. The value of stress
and strain will be respectively

(a) 0.106 Nm~2 and 0.1 (b) 1.106 Nm~2 and 0.1

(¢) 106.62 Nm=2and 0.1 (d) 10662.4 Nm-2 and 0.1

Wires A and B are made from the same material. A
has twice the diameter and three times the length
of B. If the elastic limits are not reached, when
each is stretched by the same tension, the ratio of
energy stored in A to that of B will be ...... a

Two separate wires A and B are stretched by 2 mm
and 4 mm respectively, when they are subjected to
a force of 2 N. Assume that, both the wires are
made up of same material and the radius of wire B
is 4 times that of the radius of wire A. The length of
the wires A and B are in the ratio of a : b, then a/b
can be expressed as 1/x, where x is ...... .

[JEE Main 2021]

A wire of density 9 x 10~® kg em ™ is stretched
between two clamps 1 m apart. The resulting strain
in the wire is 4.9 x 107*. The lowest frequency

(in Hz) of the transverse vibrations in the wire is
(Young’s modulus of wire, Y =9 x 10'° Nm™2), (to the
nearest integer) ......... ; [JEE Main 2020]

A body of mass m =10 kg is attached to one end of a
wire of length 0.3 m. The maximum angular speed
(in rad s™) with which it can be rotated about its
other end in space station is (breaking stress of
wire = 4.8 x 10" Nm 2 and area of cross-section of
the wire =107 cm?) ......... . [JEE Main 2020]

A solid ball 3 em in diameter, is submerged in a
lake to a depth where the pressure is 10% kgfm 2. If
Bulk modulus of the material of the ball is 107 dyne
cm 2, then the change in the volume of ball (in em?)
will be ......... p

A rubber cube of each side 7 cm has one side fixed,
while a tangential force equal to the weight of
300 kgf is applied to the opposite face. If the
modulus of rigidity for rubber is 2 x 107 dyne ecm”™
and g =10ms 2 then the distance (in cm) through
which the strain side moves will be ......... .

2

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122



\,\—“5” /7y o
.\\‘ PROPERTIES "0, l]"un[ﬁ.

ELASTIGITY

Answers
Round I
1. (c) 2 (¢ 3. (¢) 4. (d) 5. (¢) 6. (a) 7. (a) 8. (¢) 9. (a) 10. (b)
11. (a) 12. (b) 13. (¢) 14. (¢) 15. (¢) 16. (a) 17. (b) 18. (a) 19. (c) 20. (d)
21. (d) 22. (c) 23. (b) 24. (b) 25. (a) 26. (b) 27. (d) 28. (a) 29. (a) 30. (c)
31. (b) 32. (c) 33. (b) 34. (d) 35. (d) 36. (b) 37. (¢) 38. (d) 39. (¢) 40. (b)
41. (b) 42. (d) 43. (c) 44. (b) 45. (c) 46. (b) 47. (a) 48. (d) 49. (a) 50. (a)
51. (a) 52. (a) 53. (c) 54. (b) 55. (b) 56. (c) 57. (b) 58. (¢) 59. (c) 60. (d)
61. (b) 62. (b) 63. (a) 64. (¢) 65. (a) 66. (d) 67. (b) 68. (a) 69. (b) 70. (b)

71. (b) 72. (d)

Round II
1. (c) 2. (b) 3. (c) 4. (d) 5. (d) 6. () 7. (c) 8. (d) 9.(d  10. (a)
11. (@) ' 12. (d) 13. (a) 14. (c) 15. (b) 16. (a) 17. (@) 18. (c) 19. (@)  20. (b)
21. (@ = 22 (o) 23. (b) 24. (a) 25. (b) 26. (b) 27. (a) 28. (c) 29. (b))  30. ()
31. (a) 32. (b) 33. (b) 34. (d) 35. (¢) 36. (b) 37. (d) 38. 3:4 39. 32 40. 35
41. 4 42. 0.1386 43. 2.1
Solutions
Round I 3. As, rubber is being more stretched as compare to the
1. Given, radius of steel cable, r =1.5cm = 1.5x 10 m iron under the action of same weight. Therefore, the
. 8 2 number of atoms in unit volume of iron will be more
Maximum stress =10° N/m . than thatof ribber:
Area of cross-section of steel cable, A = mr? . .
4. Breaking force does not depend upon length. Breaking

=3.14% (1.5% 1072’ m?
=3.14%2.25% 10" m?
Maximum force

Maximum stress = :
Area of cross -section

Maximum force = Maximum stress x Area of
cross-section
=10%x(8.14x 2.25x 107*)N
=7.065x 10" N
=T1x10' N=7x10* N

2. Let m be the mass of rectangular frame and 0 be the
angle which the tension 7'in the string make with the

horizontal.
Tsind Tsin®
P AT
j.(:] (¢]
T cos 6 T cos 6
m
Therefore, 27sin6=mg
or T= m_g or T e« ——
2sin 6 sin O

T is least if sin 6 has maximum value, i.e.
sin =1 =90° or 6 =907. i.e. in Fig. (i1).
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= — =36
F, A nre
or F,=36F, =36F
5. Tiengill, Ln Breaking stress
pg
6
= # =333 m
3x10° x10
6. Breaking strength = Tension in the wire = mro?

. According to the figure,

force = Breaking stress x Area of cross-section. For a
given material, breaking stress is constant.

- Breaking force o« Area of cross-section
F, A, _n@r)’

(centrifugal force)
=  4.8x10"x10°=10x0.3 x 0®

]

= =1
0.3x10

®=4rads™

Increase in length = BO+ OC - BC
AL =2 BO -2L
=2 (L2 +x2)2-2L
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Using binomial theorem, (1 + x)" =1 + nx + ... + higher

terms.

- R 071+ 5 |-2L
oL

2

=91 +2L x> -2L
2L?

«
L
AL x2/L «x2
B ALt _ =B

. WEARYE

s As,x=£
k

If spring constant is k for the first case, it is g for
second case.

For first case, il=

4
k
6 _12
k12 k
Dividing Eq. (ii) by Eq. (i), we get

x’=%=3cm
4/k

. Assume original length of spring =/

As,
=

For second case, X'=

mg = kx
k; (60) = k(I —60) = kI
According to question,
mg

=71 3]
Ry
and e =5
,
b, S
60 ~ | (/-60)
k _5.0 _(-60)
ky, 1.5 60
o 2_(-60)
3 60
/=100 cm
and kx = Ryx 7.58
kx = ( %) x 25
3
x=12.5 cri@
10. As, T,=K(-1)

and T,=K(-1)
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11.
(@)
...(11)
12.
13.
ss:(1)
...(11)

ELASTIGITY

So 1y I=4
? T, (-1)
Tl -Tl =T -Th
(T - Ty 1 =Ty - Toh
Ty —Tol, (4b-5a) G
T -Ty) 4-5)
1= (a —4b) ...(i1)
So from Egs. (i) and (i), we get
1
/.
b-a

So, length of wire when tension is 9 N, is given by

9=kl (I’ = change in length)
1
= x U
(b-a)
I"=9b-9a

Hence, final length =7+ /I
=5a -4b+9b-9a

ly=5b—-4a
F
A _ F
As, y=4__"
Al ANl
/
F x4
or S
nD” x Al
1
or A1°<'—)'
D._
AL, D? n? D, n
or ":—q-: N —= =
AL, 5 1 D 1

On applying the same load, the increase in length of
thin wire will be n” times.

As, Y= mg)L (Y =Young’s modulus)
nrl
" y = 4mgL ~ 4mgL

T n@eni n@?,

So under same tension,

= Y < %
Y
1
Then, dcoppcr oL
Ycopper
1
and diyon < Y.
So eopper = Yiron
dimn Ympper
Given l—‘=a, AopN=¢
2 I Yo

Let Young’s modulus of steel be Y; and that of brass
beY,
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F L .
Y, =—1
1AM ®
F, L ..
d Y, =—==
an 2= 4AL (i1)

Dividing Eq. (i) by Eq. (i1) we get
Y, _RALaL_F wil Al
Yo, FobA LAL F, nri2ly, AL
From the figure,
Force on steel wire, F, =2M + M =3M

Force on brass wire, F, =2M

Al _ 3a
Al,  2b%
74. 1In given experiment, a composite wire is stretched by
a force F.
Brass | Steel [———Force(F)

Net elongation in the wire = Elongation in brass wire +
Elongation in steel wire ...(1)

Now, Young’s modulus of a wire of cross-section (A)
Fl

h f F)i lied, Y =——
when some force () is applie T

We have,

Al = elongation = L3
AY

So, from Eq. (i), we have
Alnet = Albrass it Aéteel

5 Al Z(JQJ +p£1)
- AY brass AY

As wires are connected in series and they are of same
area of cross-section, length and subjected to same

steel

force, so
Alnet=5[ L g ! ] ...(i1)
A Ybrass Ysteel
Here,
Al =0.2mm=0.2x10"° m
and [=1m
Yirass =60 x 10°Nm ?, Yiog =120 x 10°Nm™>
On putting the values in Eq (i1), we have
02x10'3:£( L 5 + 2 5
Al60x107 120x10
= Stress = % =8 x 10°Nm
15. Speed of transverse wave over a string,
Y .
v=al— ...(1)
u

where, T’ = tension or force on string

www.aepstudycircle.com

.\\‘ PROPERTIES "0, I]IHIH[ﬁ ®

16.

17.

18.

19.

20.

ELASTIGITY

andpu = El =mass per unit length.

Also, Young’s modulus of string,
Tl YAAI

Y= =2T="— ...(i1)
AAl l
From Egs. (i) and (ii), we have
2
o DAL o i 0 . (i)
wl YA

Here,m =6 g=6x10""kg, [ =60 cm
=60x102%m, A=1mm?=1x10°%m?
Y =16 x 10" Nm2and v=90 ms™
Substituting these given values in Eq. (iii), we get
_ 6x107% x (90)*
T 16x10" x1x107°
=30%x10° m =003 mm

=303%x10"° m

If A is the area of cross-section and /is the length of
rope, then the mass of rope, m = Alp- As, the weight of
the rope acts at the mid-point of the rope.
SO, Y = mig X @
A Al
i mgl _ Alpgl _ gpl2
2AY 2AY 2Y

_9.8x 1.5x10° x 8

or Al 5
2x5x10°
=9.6x10m
From the question, 10° = %
__ 1t
3x10% x9.8
= 3105(3)08 =34.01 m=34m
X .
As _F (mio®)
. ANl ANl
mi’w’
or =
ANl
- Y_1x1x1x20x20
106 %1073
=4x10" Nm™
A ¥l s pfi X
AAl A
Again, m=Alp,m < A
A -
m
Ay _my _2
Al, m; 3
As, Y = E £
A Al
i Al o it
A nd?
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L

2

Al <

The ratio of % is maximum for case (d).

Fi

21. As,Y =-——
AAl
In the given problem, Y,/ and A/ are constants.
F«<A
or F o mur? (- area = r?)
or Focr?
F_r_1
or —_—= -5 = —
F) ry 4
22. As,Y =——orAl=—;
nr-Al -y
il 21
= Al < — and A/’ =< 5
P «2ry’
1
Al' < —
Al "
Again, — =
¢ Al
2304 V- VO .
nD* x Al D*

When D is doubled, A/ becomes one-fourth, i.e.

% %2.4 cm, i.e. 0.6 cm

24. As,Y = Flj{ (Here, / = change in length)
nre
FL FL
or I =GO > —
nr-Y re
FL
;A
ki 1, @F)x@L)
@ry’
oF [_] _ F X)L 2 (4]')-
ly re 4F x 4L
or h=k=1
So, / remains unchanged.
25, Bu ¥ =2
AAl
2
Al, F, 1’
—3 —_—— -
Ay By
or A =2IX2 x 258
h
or Aly =8AL =8 X1 mm= 8 mm

26. Initial length (circumference) of the ring = 2nr
Final length (circumference) of the ring = 2nR
Change in length = 2nR - 2nr

Bisdns Change in length o 2n(R-r) _ R-r

Original length

2nr r
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27.

28.

29.

30.

ELASTIGITY

Now Young’s modulus,

_FIA_FIA
IIL (R-r)lr
F=AE(R”’)
r
As,Y=£
AAl
where, Y,/ and F are constants.
= Aloci_,
D-
Al, D 1
= —:=—‘;=—.
AL D; 16
AI,=imm (- AL =1 mm)
16
We have, Y= E X L ...(1)
A Al
and V =Al
|4 -
or l=— ...
A (i1)
Y=— from Egs. (i) and (i1)
poT [ q ]
= Alociq
A..
1
or Aloc?
4 4
, Ny _dh_ 1
Al dy (l)
2
9
As‘Yz(mg+mlu))l

nriAl

(because tension at lowest point 7" = (mg + mw?)

or Alzm(gi;lm“)/
nrcY
1(10 + 2 x 42 x 4)®
or

TRAx109)2x2x 10"
(20 + 64 x9.88)7

or Al -
2:%22%10°
= 4066'24} x 10° mm=1 mm
44x 10°
Ka: Y = stre.ss
strain
5 stress
or strain =
AL stress
or —=
L Y

Since, cross-section are equal and same tension exists
in both wires, therefore the stresses developed are

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122



equal. Also, AL is given to be the same for both the

wires.
LY
L, Y 2x10"" 20
= -—_,—— = —
Lo, Yo, 1l.1x10% 11
31. As, o L
nR* Al
F,land Al are constants.
= chcl
Y
R Y, 10"
= == 11
RI} YS 2x10
By _ 1
R 2
Ry
or
%=

32. We have,Y = ﬂ
AAl

where, Y, / and A are constants.

=constant = Al «< F

Now, 4 —loT, and l— 1T,

. . h-1_T,
Dividing, t L—=-1
ividing, we ge Lol T,
or LWT, <=1 = 1T,
or 1(7'1—T2)—12T1 LT,
or _ LI =T,
hn-1T,
or I= T
I,-T,
B3 A Yy
AgALg
FL
and Yoo
AcALg
Y(‘A('ALC
i
Lg  YsAsALg Y
F
Apn
Here, —(=2,£=1,—=

Putting the value of ratios in Eq. (i), we get

Lo _11
Ls

Lg=1.1:1

—x2x1=1.1

Hence, L :

34. Net elongation of the rod is
— 3

(2L/3) (L/3)
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(1) =96 mm

_\8
AY AY
[= 8FL
3AY
35, Ag Y4 _tan0, _tan6C° _ 3 =3=3Y,=3Y;
Yy, tan@; tan30° 1/43 ’
36. Here, T =m(g+a,)=10010+2)=120N
Stress = Z
A
2 .
= ~—1“0‘4 =60 x10* Nm™
2x10
anil Y = stre.ss
strain
. Stress
Strain = Im@+ap
Y
4
S80x19 _30x107 =3x10°
2x10
37. As.(1)=§;so.¢=w=l.2O
10
38, s,y =28, L2
A AL

: L "
Length is taken as 5 because weight acts at

centre of gravity (CG)
Now, M= ALp
(For the purpose of calculation of mass, the whole of
geometrical length L is to be considered.)
_ AlpgL
2AAL
2
AL = P8L
2Y
_1.5%x10° x10x8 x 8
2 x5x10°

=9.6x10%m
=9.6x1072x 10> mm

or

29. . Bilk modulis, K = olumetricstress.  Ap

Volumetric strain =~ AV

Vv
= K=_T¢ o Yudns udY B8F
(3A7‘) 3 1% r
al 228
”
-, Ar_mg _dr
r 3aK r

40. As, K = _V (Here, K =bulk modulus of elasticity)

v
1 _AV/IV

or —_—=
K P
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A _AV
pV
or AV =opV
B PV PV __ P
AV~ 3VoAT 30AT
= P
3Ko.

42. 10 m column of water exerts nearly 1 atmospheric
pressure. So, 100 m column of water exerts nearly

10 atmospheric pressure, i.e. 10 x 10> Pa or 10° Pa.

= Y - 108 =k 0L

% 100

= K =10° Pa

43. Let, L be the length of each side of cube, then initial
volume = L. When each side decrease by 1%, then

Now 1 R - 29
100 100

New volume = L? = (%)
100
*. Change in volume,

99L )
100

_ 1_(1_i+ ) =1}[3}=£
100 100 ] 100

3
. Bulk strain = % = w =0.03

AV = L’(

44. As,i=AV/V orﬂ=Ap[l]
K K

Ap %

or %XIOO 10° x8 %107 x100=8x10"°

45. Bulk modulus, K = ——Av

v

Negative sign shows that an increase in pressure and

a decrease in volume ocecur.
~ dV

pV
Decrease in volume, AV = pVC
=4x10" x1 x6x10°

1
C ibility, C = — =
ompressibility, e

=24x107° L
=24 %107 x 10° em® = 24 cc
46. As,m = .. fl G Rl 1 (for, F = constant)
AAl Al 1Al
If /is halved, then A/ is doubled, i.e. 0.25 x 2 =0.5 cm.
47. As, n=l
2(1+0)
Now, c=0
12
then, = g _§ X210 =3x10"”% Nm™
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48.

49.

50.

51.

52,

ELASTIGITY

As,

and T, =
Since, T =
or
mr
Ll

21

In the given problem, r*0 = constant

As, torque, T =

= 0o —

Strain = Fractional change in length

=ATI=Ilt=at=l2x10'6x30=36x10‘5

Let o be the effective temperature coefficient of linear
expansion.

Ly, 04 Lo 0

ol=L+1L,
Change in length of equivalent wire = Sum of change
in length of each wire
AL =AL, + AL,
= LoAT =L,oy,AT + Lo, AT
L=L, +L,
. (Ly + Ly) a AT = AT (L,04 + Ly0iy)
_ Loy + Lyo,
— Lixl
Given, 7} =40° C and 7, =20° C
= AT=T,-T,=40-201C=20°C
Also, Young’s modulus,
Y =10" N/m
Coefficient of linear expansion,
a=107/C
Area of the brass wire, A =7 x(107°)?>m?

Now, contraction in the wire due to fall in temperature
is

=

Al=10AT
» ATI AT )
We know that, Young’s modulus is defined as
_ Mgl
AAl
> B 200k )
gl
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Using Eq. (i), we get

M=TBoar

g

_ 10" x22x107° x10™° x20
7x10

_22x20 44

=—=6.28kg
7x10 7

=

which is closest to 9, so option (a) is nearly correct.

53. Given,Y =2 x10" N/m?
Stress =5 x 10" N /m?
As, stre§s -y
strain
= Strain— x10' =25%x107"
2 x 101

It is symmetric strain.

Now, strain of 2.5x 107" is equivalent.

As, B 3( A’)
%4 r
4
20X " _Ar _ G104
3 r
.. Fraction decrease in radius
=(1.00-0.75)10"* = 0.25 x 10~*
54. F =force developed
=YA o (A0)
=10" x10* x107° x100=10* N
55, As,n=—0
2(1+0)
or = 2.4n
2(1+o0)
or 1+0=12
or o=0.2
56. Asvolume, V =mr¥%
AV A(mr?)
= —= .
1% nrl
AV r*Al + 2riAr
or —
%4 ril
AV Al 2Ar
or —_— =t —
%4 / r
Al -2Ar ( AV
= _—= e =
l r %
Now, Poisson’s ratio,
Arlr Arlr
C=""Al T _ar =05
s ) o
/ r

57. Modulus of rigidity of ideal liquids is zero, because a
liquid at rest begins to move under the effect to

tangential force.
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58. K

59.

60

61.

62.

63

ELASTIGITY

= Lli= 50 Nm™! (as, mg =
30x 107" m

- 0.2x 10

kx)

m= 0.04 m

Now, energy stored =% x 0.20x 10x 0.04 J=0.04 J

As, k= YRR and ky = In By
L
Since, k%, = koxo = w

Elastic potential energy of the system,

l 2 l 92
U==kxi+—=kx;
2 1% 9 Xy

I [ O | .
== +—
2" { ky Iez} @
Now, iieme el ..i)
ky  ky 4YnR* YnR
2 \4YnR
5w’L

= SnYR [from Egs. (i) and (ii)]
Y

Elastic energy stored in the wire,

1 :
U= 2 X stress x strain X volume

lexﬁlel-~FAl
2 A I
or U=§x200x1x10‘-"=0.1J
As, mg = kx
k= 9 N 1000 Nm™' =250 Nm™

40x107° m 4
Spring constant of combination of two such springs

=250 Nt =125 Nm™!
Energy =—12- %125 % 40 x104)2 J= 0.1 J
Work done in stretching the wire,

1 ;
W= s x force constant x x

For first wire, W, = % X b = % kx®

For second wire, W, = % x 2k x &% = kx®
Hence, W, =2W,

To twist the wire through the angle d0, it is necessary
to do the work

dW =1db
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and 0=10"= 10 B o rad
60 180 1080
o nmrte do _nmr'o ‘0

Wjdwjdej = G

_59x10" x10° xn@x107°)*n®

or = 9 9
107" x4 x5x107 x (1080)~
or W =1.253x10712J
64. For cylinder A, 1= nglr o
4 ’
Poroslinler . e W
Since, torque acting both of the cylinders will be equal,
)
4y 4 o
My Er) (0-9) (for equal torque)
21 21
= 0 = = 0
17

. 1 .
65. As, energy density = 3 stress x strain

1 stress (stress)® 1
=—Xstress X —— = ——— o« —
2 Y 2Y Dt
( force 4F )
stress >
area nD?
4
Now, ua _Ds_oyi_16
B Dy

(where, u, and up are energy densities)
Hence, uy:up =16:1

66. As, W = % FAl (where, Al = extension)
5 W= 1 ” YnroAl Al 5 o YnroAl
2 /4 l
- W= Yrr®Al?
21
2 "2
= W oD and W @
=3 W =8
w
or W' =8x2Jd=164d
2
67, As, £ =114888
2
But m = Ald
m
or =—
Id
YmA/®
21%d
E in calorie = Yn:Al‘
20°dJ
Now, _ Yn‘)zAl“
20°dJ
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YA/?
21%d JS
_12x10" x107' x107 x 107
2x2x2x9%10* x 4.2% 0.1 x 10?
o 12x10°
72 x 42 x 10°
1

o

252

or 0=

or

a1 YAA? ( F_YAAI)
2 1 !

_2x10" x107°
2x1

68. As, work done = %

-312
@2x107) 044

Lateral strain

69. As,o = = -
Longitudinal strain
or Lateral strain =0 x Longitudinal strain
0 05 _0.02
100 100
So, percentage reduction in diameter is 0.02.
70. As, stress =$Nr, =10® NmZand
107 m~
3
Strain = X ;0 =107

8

- Young modulus, Y = % Nm2=10" Nm™

3
Thus, energy stored = % x100x2x107% J

=10"1J=0.1J
71. As,mg = kx
_ 4x9.8

e r k=19.6x10° Nm™
<102

—-2\2

Workdone—%x196x 10%x (5x 1022 J=2.454J

72. When a mass M is attached to each of the free ends at
the centre of rods, the steel rod will elongate without
any perceptible change in shape, but the rubber rod
will elongate with the shape of the bottom edge
tapered to a tip at the centre.

Round IT

1. AsY-ML

e Xl

4><(31n)><(20)
T x©2%x107)% % (0.031 x107%)

=2x10" Nm™
2. As, T = % (where, T = force)

Increase in length of one segment of wire,

2 2
1=+ 1| _p1d
2L 2 L
SO, 7= an";d-—
2L°
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3. As, stress = (weight due to mass mg + half of the
weight of rod)/area
=(mog + mgl2)/ A=[(m,/2)+ m,lg/A
Weight
ea

4. Stress =

Volume will become (9*) times.

So weight = volume x density x g will also become (9)
times.
Area of cross-section will become (9)? times.
P xW, _ 9[ W, )
92x A, A,

Hence, the stress increases by a factor of 9.

5. When no weight is placed in pan and 7% shows some
value, it means the pan is not weightless and hence,
the mass of the pan cannot be neglected.

6. Here, W =2 x1000 x 980 dyne; /=100 cm, b =2 cm,
d=1cm,Y =20 x 10" dyne em 2,

Now, 5= we
4Ybd®

_ (2x1000 x 980) x (100)’
4x@20x10")x2x (1)

=0.1225 cm

7. The graph is given as follows
Stress

Strain

As, Y =tan0

Yp “tan60° 3 3

1
© tan30° =—+
YA_tan30°_1/\/§=l NE)

and tan60° =+/3

8. As, work done = % xY X (strain)? x volume

2 2
2=1><Y X(&) AL:YAAL
. oL
2
New work done, W’ = Y@AAL
2(LR)
9
=8[YAAL }=8 x2=164
9. Increase in length due to rise in temperature,
AL = oL AT
As, Y = FL
AAL
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YAAL YA x oLAT
L L

F=2x10"%x10°%%x1.1x 10 x20=44 N

So, F= =YAoAT

10. The slope of stress-strain curve with strain axis gives
the value of Young's modulus.

Strain

T,

T2

Stress

In the above graph, strain is taken along Y-axis.
Therefore, the slope of graph at temperature 7} is less
than the slope of graph at temperature 7%.

Now as we know with increase in temperature, the
value of modulus of elasticity decreases. Therefore,
temperature 7 is greater than temperature 7}, .

Force F
Area A
Tension = Applied force = F

12. Here, Y, =1 x 10" N/m*

Y, =2 x 10" N/m?
I.=1.0m,,=05mand A, =1x10° m

5 t
As, (strain), = s

11. Tensile stress =

c

= 1x107%= Stres‘? = stress = 10° N/m?
1x10"
Now Y = stress
’ ¥ strain
8
= strain = Lﬂ =0.5%x10"
0
or AL _05x10% = Al,=0.25x107
12 :
Al'= Al + Al

=1+0.25=1.25 mm

13. Shearing strain = X m
h 0.8 m
Stress = (Shearing strain) (Shear modulus)
=(2.0x 107*)x (3.5x 10 Pa)
=17.0x 10° Pa
F =Stress x Area

=17.0x 10° Pax0.8 mx 0.005 m
=2.8x10* N

=2.0x107*

14. From graphs, it is clear that ultimate strength of
material (ii) is greater than that of material (i).
Therefore, the elastic behaviour of material (ii) is
elastic over a larger region of strain as compared to
material (1).
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If the fracture point of a material is closer to ultimate
strength point, then the material is a brittle material.

Therefore, the material (ii) is more brittle than
material (i).

15. Initial elastic potential energy,

U= % FAl = % x (100 x 1000) x (1.59% 107%)=79.5 J

Let, A/, be the elongation in the rod when stretching
force is increased by, 200 N.

Since Al = Fz

xi,soAlocF
nre Y

% =3A/=3x1.59x10% m =4.77x10® m

Final elastic potential energy,

U, = %FlAll = % x (300 x10°) x 4.77x107)=715.5J

Increase in elastic potential energy
=715.5-79.5=636.0 J

16. If the deformation is small, then the stress in a body is
directly proportional to the corresponding strain.

According to Hooke’s law,

Young’s modulus (Y)=M
Tensile strain

_FIA _FL
AL/L AAL
If the rod is compressed, then compressive stress and

strain appear. Their ratio Y is same as that for tensile
case.

So,

Given, length of a steel rod (L) = 10cm,
Temperature (0) =100° C
As length is constant,

. AL
strain=——=0A0
L
Now, pressure =stress =Y X strain

[Given, Y =2x10"'N/m?and o.=1.1 x10° K™
=2x10" x1.1x107° x100=2.2x10® Pa

17. Density = S Ll
Volume Areax Length
s
AL

bp _AM AA AL
P M A L

But AM =0, as mass remains constant.

Bp AR AL ST AT
p A L
=20AT + oAT
[+ coefficient of expansion of area, f = 20]
=30AT (1)
Now, given that,
AL

T x100 = aAT =0.02%
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. Given, each side of cube (/)=10ecm =0.1m

21. Decrease in volume, AV =

[T-NEET

So, from Eq (i), we get

.l x100 =3 x002% = 0.06%
p

Hydraulic pressure (p) = 7 x 10° Pa
Bulk modulus for copper (K) = 140 x 10° Pa
Volume contraction (AV)=7?

Volume of the cube (V)=/>=(0.1)’ =1 x10™* m®

Bulk modulus for copper (K) = -
AV IV AV
or AV = ﬂ
K
6 -3
Vzwzixw—e m?
140 x 10° 20

=005%x10°m® =5%x 10 m*
Here, p =20000 Nem ™2 =2 x 10 Nm™
As, p=BY
AV
pV _2x10°xV _V

or AV: —_— =
k 8 x10° 40

New volume of the metal,

V’=V—AV=V—K=—39V
40 40
New mass of the metal

=V’xp’=%p'=Vx11

, 40x11 440 -3
p = = gcm

or —
39 39
Longitudinal strain,
= a=k"h_q0®
1
ly
< =1.001
)
Poisson’s ratio, o = la'tera.l BEERID — = E
longitudinal strain o
or B=00=0.1x10"% =10 ="
n
or %2 21-10* =0.9999
i
% increase in volume = [u) x 100
1

2

nrh

=( raly _ 1) % 100
1h

_ [ nryly — mrh ] 100

=[(0.9999)* x 1.001 - 1] x 100
=0.08%
ApxV
K
Final volume, V=V - AV
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VAp
=V-2=VQ1-Ap/K
X ( p/K)
or m-m(1-22)
PP K
’ p
or p=——
5]
K
10.5 x 10° 3
or = - =0.61kgm™
g (1-107/17 x10'%) o
22.As,Y=Ex£orI=w—L
AT YA

When wire goes over a pulley and weight wis attached
each free end of wire, then the tension in the wire is
doubled, but the original length of wire is reduced to
half, so extension in the wire is

_2wx(L/2)_w_L_[

V/=——F—

YA YA
1 [T 1 [T

23. F WL /_
requency, f=2; 20\n 21V Ad

where, T is tension in the wire and p is the mass per
unit length of wire.

Also, Young’s modulus, Y = ﬂ

AAl

T YA

= _—=—
A ]

Putting this value in expression of frequency, we have
1 |YAI
foo o
21\ Id
Given, [=1.5m, ATI =0.01

d=7.7x10° kg/m®,Y =2.2x 10''N / m?
Putting these values, we have

fol 2.2x 10" x 0.01
21 7.7% 10°
2 10°
— —_ X —
-

= f=178.2 Hz
24. We know that, time period,

T=21r\/Z
g

When additional mass M is added to its bob

T, =2n {L+AL
g
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25.

26.

27.

ELASTIGITY

where, AL is increase in length.
We know that,

= Mgl A _ MgL AT, = MgL
AL/L AAL AY
. MsL
=.  Ty=2m—AL
g
2 2
- (T_MJ 1+ Me @=[T_M] -1
T AY AY z
2
a5 1_4 ( &) -1
Y Mg|\T
Twisting couple per unit twist for solid cylinder,
_mr?
oo
. Hollow cylinder,
4 _ 4 d .4
C,=C, T 41'1 =0.1><(a4 4 )=36.9
r 3 81
=0.455 N-m

Young’s modulus of copper (Y;) =110 x 10 N/m?
Young’s modulus of steel (Y,) =190 x 10° N/m?

Let d, and d, be the diameters of steel and copper
wires, respectively.
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) = Stre.ss = ¥ /1'4
Strain  Strain
or Y = p F = 72 41; -
[nd ]Strain nd © x Strain
4
Y e L{, or d’e =
d- Y
di Y,

9
or 4 _ Y, _ 190x10:f1_9:m
d, \Y; \1i0x10° V11

=1.31
d:dy=131:1
Here, tension in B, Tz = F =mg/3

Tension in A, TA=T,_L;+mg=m?gqumg=4mTg

TA = 4TB
A wire will break when the stress is breaking stress (s).
Tension T

Area of cross-section  mr?

For ry =2rg,S, =4Sp
So, A will break before B.
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28. Consider A’be the area of cross-section of plane
inclined at an angle 6 shown in figure

Fcos 6

A= 4
cos 0
Now, the tangential force on plane is F sin 6.
Shear stress = e = b sin O cos 0
A A
cos 6

= £2sin Ocos 0= i (sin 20)
2A 2A

29 y-Fl4
AL/L
AL F .
=3 =—=— @
L AY
Now, by definition of Poisson's ratio,
_ Arl/r
AL/L
=5 % =— c_ﬁL =— :—FY [by using Eq. (1)]
Ar oF -
= —_—= - wi(1L)
r AY
Now, V =nr’L
AV  2Ar AL
= b e ...(111)
\%4 r L
By using Egs. (1), (ii) and (iii), we get
AV ( —csFJ F
—_—=— | —
%4 AY AY
= Y = . [1-20]
vV AY
30. The volume of sphere in liquid,
m
(a) (b)
Vulgd )
=
When mass m is placed on the piston, the increased

mg
pressure p = —--
a

Since, this increased pressure is equally applicable to
all directions on the sphere, so there will be decrease
in volume of sphere, due to decrease in its radius.

From Eq. (i), change in volume is
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31. Time period of a pendulum,

. Given, for steel wire

AV = % Tt X 3r’Ar = dnr’Ar

ﬂ_ 4mrAr _3Ar
V. @nm  r

.. Bulk modulus ,

K- P _mg T
dvIV. a 3Ar

Ar _mg

r 3Ka

T=2n \/I
8
where, 1is length of pendulum and g is acceleration

due to gravity.
Change in time period of a pendulum is

AT 1Al
T 21
When clock gains 12 s, we get
12, 1 .
—=-0040-96 (1
T 2 ( ) (1)
When clock loses 4 s, we get
%:%a(@—ZO) ..(i)
Comparing Egs. (i) and (ii), we get
40-0
R
0-20
= 30-60=40-06
= 40=100
= 0=25°C
Substituting the value of 6in Eq. (1), we have
12 _1uo-25
T 2
- 12148
24 x3600 2
24
= o= —
24 x 3600 x 15
= =185 x107°/,C

Thus, the coefficient of linear expansion in a
pendulum clock =185x107°/°C

Length () =4.7m
Area of cross-section (4,) =3.0 x 107° m?
For copper wire

Length (/;) =3.5m
Area of cross-section (4,) =4.0 x 10~ m?
Let F be the given load under which steel and copper
wires be stretched by the same amount Al

FIA Fxl
Y ] dul == =
oung’s modulus (Y) ST T
For steel, ik 1 ()
Ay x Al
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F x 1,
A, x Al

For copper, Y = ...(11)
Dividing Eq. (i) by Eq. (ii), we get
Y, _Fxj A2 x Al

Y, A xAl Fxl
_h Ay _47 40x107
LA 35 30x107
18.8

=——=179=1.8
10.5
Hence,Y,:Y,=1.8:1
33. Poisson’s ratio,c =0.4= Anig
Alll
Area, A=nr’ d~ or d*= a4
4 n
Differentiating, we get
SUas L. An
n
As, A= n;d‘
4
So, AA = 2ndAd
4
d
a4 T3t ad
A nd®/4 d
Given & x 100 =2%
A
= 2—Aé x 100 =2%
d
or A—d x100=1%
d
Given Ad/d
AL
or A—d=0.4ﬂ=ﬂ L (Ad)
d ! [ 04\ d
Al
= 7)(100 2.5 %1% =2.5%
34. Given, I—’:a.izb,ﬁ=c
12 Iy y2
T T
Brass Steel
+v29
2kg
Let Young modulus of steel be Y, and that of brassbe Y,
F ;
= ...(1)
A Al
and Y, =22 )
“ [A,Al,
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35. From figure, the increase in length,

. Herem =0.02kg; v=20ms™';

[T-NEET

Dividing Eq. (i) by Eq. (1), we get
Y . BidyrbAh ..(ii)
Y, FA LA

Force on steel wire,
F,=T=2g

Force on brass wire,
F,=T\'=T+2g=4g

Now putting the value of F) - F, in Eq. (iii), we get

NI
Y, 4g )\ nr?” Al

b,

ly

Now given that, Aop
L)
and n =c
Y,
From Eq. (iv), we get
Ay ¢
Al, 2b%a

Al= (PR + RQ) - PQ=2PR - PQ
=202+ 2)"2 -21

e

o

—2r|1+1 3‘7 -21
2/
=x%/1 (By Binomial theorem)
-, Strain = Al/2 = X*121°
ke 21 >
p 2 Q
X
T o/ T
R
w

=42 cm=0.42 m
Al =20 cm=0.20 cm
r=3mm=3x10" m

Due to extension, energy is stored in the cord. This is
converted into kinetic energy when the stone flies off.

Work done = 2 mv® = & FAl
2 2

mv* _0.02x (20)*

or F = =40 N
Al 0.20
Stress = F_, —407n
e (22/7) 3 x1077)
=1.4%x10° Nm™

2ND FLOOR, SATKOUDI COMPLEX, THANA CHOWK, RAMGARH-JH-829122



37. According to Boyle’s law, p,V, = p,V;

N A
P2=D 7
or Po = T2 x1000/900 =80 cm of Hg

Stress = Increase in pressure
=p,—p,=80-72=8
=(8x10%)x13.6x 10’ x 9.8

=10662.4 Nm™>
Volumetric strain = =¥, 0= 0.1
v, 1000
38. Elastic energy per unit volume,
2
- Wk
2 2AY

U “iz (F and Y are constants)
r

2 2
S _ ), (1) -2
el -G

39. Fora - (SRS ...
nre a
F 4mm
For B - =Y —— .1
- 167> b =
Dividing Eq. (i) by Eq. (i1), we get
- %
4a
1
b 32
2

40

Density of wire, d =9x 10 k_g3 =9x10° kg/m3
cm'

Strain in the wire, e =4.9x10™*

Young’s modulus of wire is
Y =9 x10' N/m?*

Lowest frequency of vibration in wire will be

1 il .
f—i (M—/Il) ...(l)

T T o T
NOW. — = -
MIL Vp/L (LA~p) Ap
L
T !
But 7 =stress=Y X strain=Y x ¢
T _Yxe (A=MJ
MI/L p pL

So, from Eq (i), frequency will be

f—i T _L Y %€
oL\M/L) 2L\ p
1y \/9x10w x49x107*

Tox1 9x10°
=35Hz
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Centripetal force is provided by the tension in wire.

So, T =moil
T mol :
=Z=_A ...(1)
O max =4.8 x10" Nm™2,
A=10"2cm?=102x10"*m?=10"°m?

m=10kgand /=0.3m

Stress in wire, ©

Here,

If maximum angular speed of rotation is o, , then
from Eq. (i), we have
e _OmaxA _4.8x10"x10°° _ -
ml 10x 0.3
or O =4rad 57!

Here, 2r =3%x 102 m
or r=@B/2)x102m

Ap=10kgfm2=10° x9.8 Nm~?2

2

K =10" dyne em*= 10 Nm™

Volume of the ball,
3
V=é7tr3 _éxgx §>< 10'2) m?
3 3 7 \2
Mo, BBV oo YOR
AV K
3
éx@x(éx 10_1) x 10° x 9.8
S T

=0.1386x 107 m® =0.1386 cm®
Given/=Tcem=7%x 102 m
F =300 kgf=300x 10 N
N=2x 10" dyne em ™
=2 x10° Nm™
_FIA
R
o F _F
An M
B 300x 10
T (7x1072)®x 2x 10°
Al
T
or Al=16=7x0.3=2.1 cm

or

= 0.3 rad

0
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