Vidyamandir Classes Properties of Matter

4. MATCH THE COLUMN:
Column -1 Column - IT
A) Ice formation in a lake (P)  Molecular transfer leads to uniform heat content
B) The mode not associated with solids (Q) Heat transfer by convection
© Water heated in a round bottomed flask (R) Time taken is inversely proportional to ambient temperature.
D) Land breeze (S) Process of heat transfer by conduction

S. A planet is at an average distance d from the sum, and its average surface temperature is T. Assume that the planet
receives energy only from the sun, and loses energy only through radiation from its surface. Neglect atmospheric effects.
If T ocd™, the value of n is :
A) 2 ®B) 1 © 12 D) 1/4

6. A system S receives heat continuously from an electrical heater of power 10 W. The temperature of S becomes constant at
50°C when the surroundings temperature is 20°C. After the heater is switched off, S cools from 35.1°C to 34.9°C in 1 minute.
The heat capacity of S is :
A) 100J/°C B) 300J/°C © 750J/°C D) 1500J/°C

ELASTICITY Section - 5

The deforming force is the external force applied to a body which tends to change the size or shape of the body. Under the
action of deforming force, a body opposes any change it its shape and size due to the net effect of internal molecular forces.

The resulting force which opposes the deformation is know as restoring force.

Illlustration the concept :

When one tries to stretch a spring

»  The force acting on the spring (F,) is the deforming force.

»  The force exerted by the spring to oppose the deforming action is the restoring force (F,).

» By Newton’s third Law, we can say that F'| and F, are equal and opposite forces ; forming an Action- Reaction pair.

The property of a body due to which it opposes the action of the deforming forces is called as Elasticity.

» A material is said to be elastic if it returns back to its original shape or size, when the deforming forces are removed.
Plastic materials on the other hand, remain permanently distorted when the deforming forces are removed.

»  There are a number of elastic modulii (young’s modulus, bulk modulus, shear modulus) that measure the response of
an elastic solid which is acted upon by the deforming forces.

»  The deforming force is measured (described) in terms of a physical quantity, the stress, that it develops in the body.
The deformation of the solid is described in terms of a physical quantity the strain, that is created in the body as a result
of deformation force.

»  First, we will define the mathematical meaning of the stress and strain.
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Stress and Strain
Longitudinal Stress and Longitudinal Strain :

Consider arod (or a string) of length ¢” and cross-sectional area A. Suppose that a force F is applied at the ends parallel to
the length so as to stretch the rod by Al

The rod is said to be under tension. The tensile stress is defined as the ratio of the force of tension to the cross-sectional
area.

Tensile stress = F/A

The resulting tensile strain in defined as the ratio of change in length to the original length :
Tensile strain = A(/(

If the ends of a rod are subjected to equal pushes, the rod is said to be under compression.

Compressive stress = F/A : i
— [ oo —

Compression strain = A(/( : :

A\

Tensile and Compressive Stress and Strains are also known as Longitudinal stress * ¢

and Longitudinal strains.

lllustrating the concept :

A bob of mass m is suspended from a light steel wire of length ¢ and radius r.

Assume the mass of the wire to be negligible. T /
Let 7 be the tension developed is the steel wire. As the bob is stationary, LHA YL
m
T=mg i l
o

Longitudinal stress = T7/A

=mg/nr’

If the length of length of wire increases by A(, then the longitudinal strain = A(/(

Volume stress and Volume Strain :

Sometimes, the deforming forces acting on the body tend to change its volume. F

If the deforming force changes the volume of a body form Vto V' + AV (AV is l

negative if volume decreases), we define volume strain as the ratio of change in l

ViV : F—s—> piar ~——F
i.e. volume strain = A7V T

The stress associated with the volume strain is called as volume stress. It equals
the deforming forces acting on a unit area. It is usually called as pressure
P=F/A
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Illlustrating the concept :

Properties of Matter

A cube is subjected to pressure of 5 x 10° N/m?. Each edge of the cube is shortened by 1%.

Volume stress = P =5 x 10° N/m?>
volume strain = ?

Let “(” be the length of cube (underformed)

3
. 99
= Distorted length = [E L j = AV=V, -V,
3
99
= _ys3
AV= (100 J !
e srain AV (9
or Voumesram_vi =700/ ~
=-0.03

Shear Stress and Shear Strain :

If the deforming force tries to change the shape of a body, a shear stress is
developed in the body. In the diagram, we see a force F parallel to the surface

ABCD of area A, deforming the rectangular area ABPQ into a parallelogram.
[Let AA*=Ax and AQ =y]
Hence due to F, the shape of the body is altered.

shearing force
area of ABCD

Shear stress =

F

A
Shear strain is defined as :

Ax
Shear strain =— =tan 0 = 0 (0 is very small)
y

Illustrating the concept :
A block of weight 15 N slides across a horizontal table, the coefficient of sliding
friction = 0.4. The area of the block in contact with the table is 0.05 m?>.

Shear stress = umg /A

0.4 x15
- 0.05

=120 N/m?

D
C
—
A B

Q P

Ax A’ B pr
ri/
Q P
motion
umg
—




Properties of Matter Vidyamandir Classes

Hooke’s Law :
If the deforming forces are within a limit (known as elastic limit), the stress created in the body is proportional to the
resulting strain

i.e. stress o< strain.

stress

strain

The ratio

is known as modulus of Elasticity

According to various types of stresses, we have three modulii of elasticity.

1. Young’s Modulus of Elasticity (Y)

_ Longitudinal stress

Y
Longitunal strain
_F/A
TAL/L
F?
= Y="—
A AL

The following forms of the result must be carefully noted

Al
Af:F—f and F =YA —
AY (

2. Bulk Modulus (K)

volume stress

K= -

volume strain

4
= K=

AV/V
-

= K= AV
> the reciprocal of K'is known as modulus of compressibility.

3. Shear modulus (1)

shear stress
shear strain

F/A

= =49
_F

YY)

n is also called as modulus of rigidity

Relation betweenY, k and 1 :
1

i
n 3K
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Elastic Energy

When an elastic body is deformed, work is done by the applied force. This work is stored as elastic potential energy and is

released when the body returns back to its original shape or size.
We have already come across an example of elastic potential energy in case of a compressed or stretched spring.
The general expression for the elastic potential energy in a unit volume of a deformed body is given by :

Elastic energy stored per unit volume
= 1/2 (stress) (strain)

=1/2 (modulus of elasticity) (strain)?

In the case of a longitudinal stress (compressive or tensile)

Energystored _ 1 v ( Al JZ

volume 2 14

2
= total energy stored = {% Y (Ang ] [Volume of the body]

2
1 Al
=—Y|—| .(Al V=A.l
s (2] (V=A0
1 YA 2 o . .
Total energy = R (Al)”. Compare it with the energy stored in a spring = 1/2 kx*.
F( oo .

Also, Y=m Substituting in the above expression,

Total energy =% F AL

Torsion

Consider a cylinder whose upper end is rigidly fixed and the other end is twisted through

N
N

an angle 6 about the axis of the cylinder. The twisted cylinder exerts a restoring torque

. fixed
given by :
A l
1 r
7= 3 WT 0 Twister through
s An angle 6

where 1 is the modulus of rigidity, r is the radius and / is the length of the cylinder.
If we express torque as 7= CO

4

where C= is known as the torsional rigidity.
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Illustration - 29

(a) A metal wire 75 cm long and 0.13 cm in diameter stretches 0.035 cm, when a load of 8 kg is hung
on its ends. Find the stress, strain and Young’s modulus.

(b)  Asolid cylindrical steel column is 4m long and 9 cm in diameter. What will be its decrease in length when carrying
a load of 80, 000 kg ? Y = 1.9 x 10" N/m?.
(c) A box shaped piece of gelatine dessert has a top area of 15 cm®> and a height of 3 cm. When a shearing force of

0.5 Nis applied to the upper surface, the upper surface is displaced 4.0 mm relative to the bottom surface. What are the
shearing stress, shearing strain and shear modulus ?

d) Compute the volume change of a solid copper cube, 40 mm on each edge, when subjected to a pressure of
2 X 107 N/m?. The bulk modulus of copper is 1.25 x 10" N/m>.

SOLUTION :
@ St F 8§%x9.8 (d' 1 t)
a ress=—=—"——""5 isplacemen
7[(65><10_4)2 Shear strain = 6 =£=p.—
. y height
_ BN/
=5.9% 107 N/m 04 o
Al 0035 . :
Strain =7 = ? =4.67x10 shear stress

N (shear modulus) = shear strain

_stress _ 5.91X 107 0
strain 4,67 x 107 o
0.133

=2500 N/m?

Y

=1.27 x 10" N/m?

(b) Crossection area of cylinder =7 2 @  Volume stress = p =2 x 107 N/
=7 (0.045)2=6.36 x 1073 m?

. A AV
volume strain =— = 3
P (8x10*x9.8) 4 Vo (0.04)
Al Ay (6 36% 1073 ) (1 9x%10! 1) K (bulk modulus) = P
' ’ T Av/v
3 7 3
=26 x10%m v —(2%107) (0.04)
= AV = =
=2.6mm K 1.25 x 10"
(¢) Shear stress = tangential force 0.5 =-1.024x 107 m?
Area of face 15 %1074 =—10.24 mm3

=333 N/m?

NREVID RN A wire elongates by 1.0 mm when a load W is hanged from it. 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) 0.5m (B) 1.0 mm ©) 2.0 mm (D) 4.0 mm
SOLUTION : (B)

LILLIILLL

The tension in the wire will be same in both the cases.

Hence elongation will be same. B is the correct answer T=W T T T=W

W
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lllustration - 31

diameter of the rod is :

(A)  smallest at the top and gradually increases down the rod

B) largest at the top and gradually decreases down the rod

(C)  uniform everywhere

D) maximum in the middle

SOLUTION : (B)

Tension at a point Pis :

Mg
I,=—x
. . . A f Ty
Tension is maximum at the
top and zero at the free end p T X
Mg
ac=TL — Arer B 7
AY

A heavy uniform rod is hanging vertically from a fixed support. It is stretched by its own weight. The

Hence the parts of the rod near the top end will be
elongated more than the parts near the bottom.
As volume of each part should remain same,
(area of cross section) Al = constant

= Area<><i:>Areao<l
Al T

Hence the diameter will be least at the top and maximum

at the bottom. (A is correct)

W Assertion & Reasoning Type :

(A)  IfStatement-1 is True, Statement-2 is True ; Statement-2 is a correct explanation for Statement-1

(B)  IfStatement-2 is True, Statement-2 is True ; Statement-2 is NOT a correct explanation for Statement-1

(C)  IfStatement-1 is True, Statement-2 is False
(D)  If Statement-1 is False, Statement-2 is True

(a) Statement 1 : Steel is more elastic than rubber.

Statement 2 . Under given deforming force, steel is deformed less than rubber .

(b) Statement 1 : A hollow shaftis found to be stronger than a solid shaft made of the same material.
Statement 2 : The torque required to produced a given twist in hollow cylinder is greater than that required to twist
asolid cylinder of same size and material.

SOLUTION : (a) (A) (b) (A) A
(a) Y eor™ Y rubber (b) 7= for solid shaft causing unit angular twist.
1 < 1 For hollow shaft of same material :
YSteel Y;’ubber 4 4
zn (r2 l ) 2 2\,_ 2
For a deforming force F, 0= 2 where % (r2 —h )[ =zt
F/ Fl (for equal volume of material)
R < R
AY. AY s 9 2 2
s r ("2—"1)("2 +r1) 77'77”4
Al < Al =rn = (rzz +r12)
s r 20 20
(Reason is correct)
2}’12
As it is difficult to deform steel, it can be said that =7l +r_2
steel offers greater opposition to changes in length.
Hence steel is more elastic than rubber. The correct = 7 >7
answer is (A). = The correct answer is (A).
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W The length of a metal wire is (| when the tension in it is T, and is {, when the tension is T,. The natural
length of the wire is :

Ly +L 0T, —0,T 0T, + £,T
@ A2 B) b1y © 2221 o A2
2 T,-T T,+T,
SOLUTION : (C)
Let the free length = ¢
A=t o L=t T . ;= Oh = 6h
AY (=0 T, T, -T,

WCELEVTNERE RS 4 student plots a graph from his readings on the determination of Young’s

modulus of a metal wire but forgets to put the labels. The quantities on X and Y-axes may be Y
respectively :

(A)  weight hung and length increased

(B)  stress applied and length increased

(0]
(C)  stress applied and strain developed X
(D) length increased and the weight hung
SOLUTION : (ABCD)
(A) For a straight line graph, the two quantities should be Stress
Y =
proportional © Stain
Af:F—g — Foe Al = stress oc strain
AY Hence C is correct
Where F = weight hung.
Hence A is correct (D) Same as A. This is also correct.

(B) Stress=F/A =Y (Strain)
= Y AL
14

= Stress «< Al . Hence B is correct

UOBEVTIREER A Joad of 981 N is suspended from a steel wire of radius 1mm. What is the maximum angle through
which the wire with the load can be deflected so that it does not break when the load passes through the equilibrium
position ? Breaking stress is 7.85 X 108 N/m? .

SOLUTION :
Let 6 = maximum angular deflection. For maximum 6, 7/A must be 7.85 x 108 N/m?.
2 _ _ _
= 1/2 mv> =mg ({ — ( cos ) 3mg—2mg cos @ —785%10°
and T—mg = mv?/( 7r(10_3 )
= T=3mg—2mg cos 0 = cos 6 =0.243 = 0 =cos"(0.243)
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IELEVTIERE TR 4 copper rod of length 2 m is stretched by Smm. If the energy stored in the stretched rod is converted into
heat, calculate the rise in the temperature of the rod. Y copper = 1.2 x 101" N/m%, S = 0.1 cal/gm/°C, d, = 9.09 g/cc.

SOLUTION :
Total elastic energy stored - o= 1 v ( Al T (4.2)_1
= 1/2 (stress) (strain) volume 2 4 ds
=1/2 Y (strain)* volume (1.2 % 1011) s 10° 2 (4.2)_1
=12 Y (AU V = ) ( 2 ] (9><103)(O.1><103)

Energy stored = heat created

12Y(A/0)?* V= (msB) 4.2 Jcal
[lcal=4.2J] = 6 =0.099°C

[§=0.1 x 103 cal/kg°C]

12YAL02 V= (Vds 0)4.2 T Ical

UIEEWLIEVAY A steel rod of cross-sectional area 0.5 mm? is held between two fixed supports. If the tension in the rod
is negligible and it is just taut at 20°C , determine the tension when the temperature falls to 0°C. Y, =21 X 1019 N/m?,

o =12 x 107 °C. Assume the distance between the supports remains same.

steel

SOLUTION :

Steel rod

As there is no net change in length,

[The stress created like this is called as Thermal stress]
As the temperature drops (20°— 0°C) the rod tends to
= Al +Al,=0
contract.
.. . . (—L0.0) +TU'AY=0 [T =tension is rod]
As the ends of the rod are rigidly fixed, its length can

not change. The rigid supports now have a tendency = T=YAa6
to pull the rod creating a tensile stress. =(21x10'% (0.5% 10°6) (12 x 10°) (20)
Let A(, = change is length due to temperature drop T=252N

A(, = change is length due to tensile stress.

(Al is—ve and ACl, is +ve)

NBTEVTIEEEY A cylinder of length 1.5 m and diameter 4 cm is fixed at one end. A tangential force of 4 x 105 N is
applied at the other end. Calculate the twist produced in the cylinder if the modulus of rigidity is 6 X 10'© N/m?.

SOLUTION :
5
In equilibrium, applied torque = restoring torque. - — 20FT - 2x1.5x4x10
4 mrt oz (6x10°) (0.02)’
=1 g
Y =0.796 radians (6= 45.5°)
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JIEHENEIEEEN A rod 1.05 m long, whose weight is negligible, is supported at its ends by

wires A and B of equal lengths as shown. The cross-section of A is 1 mm? and that of B is

2 mm?. The Young’s modulus for wire A is 2.4 x 10" N/m? and for B is 1.6 x 10" N/m>.

<+«— 105 cm —»

At what point along the rod should a weight be suspended in order to produce ' o !
(a) equal stressin A and B?  (b) equal strain in A and B?
L AW
SOLUTION :
(a) Let x = distance of the point P where an weight is (b) One equation is same i.e. ', x=F, (105 —x)
suspended from wire A. e WA YA
Let F} and F, be the tensions in A and B. quat strat . F
Balancing torques about P, F| x=F, (105 -x) . £ 24 . 13
As the rods have equal stress B, 16 2 4
HB_B o ,5-p - 105-x _3
A A X 4
. 105—-x 1 = x=60cm (FromA).
Solving for x we get : =—
by 2
= x=T70cm (fromA)

NITSIE WL REOE 4 wire of radius r stretched without tension, along a straight line is
tightly fixed at A and B. A mass m is suspended from the mid point of the wire. Due to the

weight of mass, the wire is pulled into the shape ACB. Find the depression ‘d’ in the wire.

The length of the wire is 20 and its young’s modulus is Y.

SOLUTION :
o 1/2 e
=17 =3
L 2/
As sin 0 4 4 (neglecting d?, because
Let T be the tension in the wire. [ a2+t ! ’
2T sin @ =mg d> << (%)
mg {
= TI= 25 > Stress = ——%
sin@ 27 r2d
L
T mg mg mg
Stress = — = = 2
A 2Asin@ 2712 sind - Y=stress_27:rd

strain 42202

2 2 3 1/3
Jd2 + 0% — ¢ o y-_mr ( mg ]

¢ 7 r*d’?

. Al
> Strain =7 =
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IN-CHAPTER EXERCISE - C

=

A steel wire 40 m long and 2 mm in diameter hangs vertically down from the roof of a house.
(@ What maximum load can be suspended from this wire without its breaking ?

b) How much will this wire stretch under a weight of 70 kg ?

(© Will there be a permanent set when the weight is removed ?

The breaking stress for steel is 7.8 x 108 N/m?, Y =2.16 x 10'! N/m? and elastic limit for steel is 2.94 x 108 N/m>.

steel

N

When the weight on a string is changed from 3.0 kg to 5.0 kg, the elongation changes from 0.61 mm to 1.02 mm. How much
work is done during this extension of the string ? Find the Y of material of string, if it is 1 m long and has a cross-sectional
area of 0.4x 107 m>.

ol

A uniform rigid bar of mass 100 kg is supported horizontally be three equal vertical wires A, B and C each of initial length
| m and cross-sectional area 1 mm? B is a copper wire passing through the centre of bar and A and C are steel wires and
are arranged symmetrically on each side of B. If Y (Cu) = 1.5 X 10'! N/m? and Y of steel = 2 x 10" N/m?, find the tension

in each wire and the extension.

e

A sphere of radius 10 cm and mass 25 kg is attached to the lower end of a steel wire which is suspended from the ceiling
of the room. The point of support is 521 cm above the floor. When the sphere is set swinging as a simple pendulum, its
lowest point just grazes the floor. Calculate the velocity of the ball at its lowest position. Y of steel is 2 x 10" N/m?,

the length of wire is S m and radius of steel wire is 0.05 cm.

4

A steel shaft of radius 5 cm and length 4 m is transmitting power of 1 x 103 Watts at 240 rpm. If the relative twist between
the ends of the shaft rod is 1.07 x 1073 radian, calculate the modulus of rigidity of steel.

Choose the correct alternative. Only One choice is Correct.

6. A thick copper rope of density 1.5 x 10% kg /m* and Young’ s modulus 5 x 10° N/m?, 8 m in length is hung from the ceiling of
a room. The increase in its length due to its own weight is :
A) 9.6x10™m B) 192x107m © 9.6x102m D) 9.6m

7. A wire of cross-sectional area a, length ( and young’s modulus Y is extended by an external force F. The total energy
stored in the wire is :
1 F? 1 F? 1 F? 1 F*(
(A) EYa_z (B) EYT ¢ © EYa_z D) 2 ar
8. Consider an iron bar 100cm long and 10 cm? cross-section. By raising the temperature from 0°C to 100°C and holding it
so that it is not permitted to expand or bend, the force developed is: (IN = 105 dynes, Y=2x 10"'N/m?, o. = 5 x 107°/°C)
A) 108 dynes B) 10°dynes © 10'° dynes D) 10" dynes
9. A metal rod of Young’s modulus 2 x 10" N/m? undergoes an elastic strain of 0.06%. The energy per unit volume stored in
Joulelmetre= is :
A) 3600 B) 7200 © 1800 D) 900
D
10. A uniform rod AB is rotating in a horizontal circle about a verticle axis through A. et RREEN -
Ratio of elastic potential energy density of the rod at A and at the center of rod is : AAB
A 16:9 ®)  1:1 S e
© 41 ™ 2:1
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