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MECHANICAL PROPERTIES OF SOLIDS

10.

11.

12.

The value of Poisson’s ratio lies between
1 31 1 d)1t02
a) — - b)—=tag—-= o
)—1to > ) 7 to = ) = tol

A 5 metre long wire is fixed to the ceiling. A weight of 10 kg is hung at the lower end and is 1 metre above
the floor. The wire was elongated by 1 mm. The energy stored in the wire due to stretching is

a) Zero b) 0.05 joule c) 100 joule d) 500 joule
If a spring is extended to length [, then according to Hooke's law

2
a) Fo= K b]F:% &) F=k2l d)FJT

If in a wire of Young's modulus ¥, longitudinal strain Xis produced then the potential energy stored in its
unit volume will be

a) 0.5 YXx? b) 0.5 ¥2X ¢} 2 ¥X* d) Yx2

A steel wire of length 20 cm and uniform 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@ = 1.1 x
1075°C' and ¥ for steel is 2.0 x 10** Nm~?; the tension in the wire is

a) 2.2 x 10°N b) 16 N c) 8N d) 44 N

A wire of length Land radius r fixed at one end and a force Fapplied to the other end produces an extensionl.

The extension produced in another wire of the same material of length 2/£ and radius 2r by a force 2F is
l
a)l b)21 ) 41 05

A and B are two wires. The radius of 4 is twice that of B. They are stretched by the same load. Then the
stresson B is
a) Equal to thaton A b) Four times thaton A ¢) Two times thaton A d) Half thaton A
When the length of a wire having cross-section area 10~%m? is stretched by 0.1%, then tension in it is
100 N. Young's modulus of material of the wire is
a) 10'2N/m? b) 102N /m? c) 101°N /m? d) 10N /m?
A wire of length L is hanging from a fixed support. The length changes to L, and L, when masses M; and
M, are suspended respectively from its free end. Then L is equal to

L1+ L, LM, + L, M, LM, — LM,
I At WM V7
The ratio of two specific heats of gas C, /C;, for argon is 1.6 and for hydrogen is 1.4. Adiabatic elasticity of
argon at pressure P is E. Adiabatic elasticity of hydrogen will also be equal to E at the pressure

8 7

Two wires of same material and radius have their lengths in ratio 1:2. If these wires are stretched by the
same force, the strain produced in the two wires will be in the ratio
a) 2:1 b) 1:1 c) 1:2 d) 1:4
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 c) 2 d)1
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23,

24.

25,

Minimum and maximum values of Poisson's ratio for a metal lies between

a) —coto 4o b)0to1l c) —ootol d) 0to 0.5

A cube is compressed at 0°C equally from all sides by an external pressure p. By what amount should be
temperature be raise to bring to back to the size it had before the external pressure was applied ? (Given A
is bulk modulus of elasticity of the material of the cube and « is the coefficient of linear expansion.)

P P 3ra K
a) Ka b 3Ka c) = d) 3

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

a) 10 x 10*2 b) 100 x 102 c) 1 x10%? d) 20 x 1012

The force constant of a wire is kand that of another wire of the same material is 2k When both the wires
are stretched, then work done is

- 2
a) W2 = 2W,; b) W, = 2w, ¢) W, = W, )W, = 0.5 W,
For a constant hydraulic stress on an object, the fractional change in the object’s volume (%) and its bulk
modulus (B) are related as

AV AV 1 AV . AV

— «B b — & — — o B2 d)—o B2
a}Voc ]VDCB c)Voc ]Voc
Two rods 4and 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 4 and the angle of twist at the end of Fis
4

T2 ra rZ 12

= b) = -2 d) L
a} n ] ?’24 C] ,riz ] r22
Young's modulus of the wire depends on
a) Length of the wire b) Diameter of the wire
c) Material of the wire d) Mass hanging from the wire
For most materials the Young's modulus is n times the rigidity modulus, where n is
a) 2 b) 3 c) 4 d)5
The elastic energy stored per unit volume in a stretched wire is

1 1 .
a) 3 (Young modulus)(Strain)? b) 3 (Stress)(Strain)?

1 Stress

1
- ol
2 Strain ) > (Young modulus)(Stress)

Consider an iron rod of length 1 m and cross-section 1 cm? with a Young's modulus of 1012 dyne cm ™2, We
wish to calculate the force with which the two ends must be pulled to produce an elongation of 1mm. [tis
equal to

9
a) 107 dyne

The upper end of a wire 1 m log and 2 mm radius is clamped. The lower end is twisted through and angle
of 45°, The angle of shear is
a) 00F° b) 0.9° ¢) 9° d) 90°

AV
The average depth of Indian ocean is about 3000 m. The fractional compression, Tofwater at the bottom

b) 10® dyne ¢) 10 dyne d) 107 dyne

of the ocean ( given that the bulk modulus of the water =2.2x 10° Nm™? and g = 10 ms™?) is

a) 0.82% b) 0.91% c) 1.36% d) 1.24%

A wire elongates by { mm when a load Wis hanged from it. If the wire goes over a pulley and two weights
Weach are hung at the two ends, the elongation of the wire will be (in mm)

a) i b) 21 &3 ferg d]%
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Bulk modulus of water is 2 x 10° Nm™2, The change in pressure required to increase the density of water
by 0.1% is

9 -2
a) 2 X 107 Nm b) 2 x 10° Nm™2 ) 2 X 10 Nm™2 d)2 x 10* Nm™2

If longitudinal strain for a wire is 0.03 and its Poisson’s ratio is 0.5, then its lateral strain is

a) 0.003 b) 0.0075 c) 0.015 d) 0.4

The possible value of Poisson’s ratio is

a)1 b) 0.9 c) 0.8 d) 0.4

A metallic ring of radius rand cross-sectional area A s fitted into a wooden circular disc of radius R(R>r).

If the Young's modulus of the material of the ring is ¥, the force with which the metal ring expands is
AYR AY(R —1) Y(R—71) YR

2 r o T 9 Ar 9 AR

A uniform wire, fixed at its upper end, hangs vertically and supports a weight at its lower end. If its radius

is r; its length £ and the Young’s modulus for the material of the wire is £ the extension is

1. directly proportional to £

2. inversely proportional to r

3. directly proportional to L

a) If only 3 is correct b) If 1, 2 are correct c) If2, 3 are correct d) If only 1 correct

A 2 mlong rod of radius 1 cm which is fixed from one end is given a twist of 0.8 radians. The shear strain
developed will be

a) 0.002 b) 0.004 c) 0.008 d) 0.016

The upper end of a wire of radius 4 mm and length 100 cm is clamped and its other end is twisted through
and angle of 30°. Then angle of shear is

a) 0.012° b) 0.12° ¢) 1.2° d) 12°

K is the force constant of a spring. The work done in increasing its extension from [; to [, will be
K K

a) K(l, = 1y) b]E(EZ + 1) c) K(3-1) d]—2~(£§ -5

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 1mm. Then, the elastic energy stored in the wire is
a)0.2) b) 10] c) 20] d) 0.1]

Two pieces of wire A and B of the same material have their lengths in the ratio 1 : 2, and their diameters
are in the ratio 2 ; 1. If they are stretched by the same force, their elongations will be in the ratio
a)2:1 b)1:4 c)1:8 d)8:1

A height spring extends 40 mm when stretched by a force of 10 N, and for tensions up to 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

Write copper, steel, glass and rubber in order of increasing coefficient of elasticity.

a) Steel, rubber, copper, glass b) Rubber, copper, steel, glass

c) Rubber, glass, steel, copper d) Rubber, glass, copper, steel

The Bulk modulus for an incompressible liquid is

a) Zero b) Unity c) Infinity d) Between 0 and 1
Which one of the following quantities does not have the unit of force per unit area

a) Stress b) Strain

¢) Young's modulus of elasticity d) Pressure
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On increasing the length by 0.5 mm in a steel wire of length 2 m and area of cross-section 2 mm?, the force

required is [Y for steel = 2.2 x 101*N/m?]

a) 1.1 x 105N b) 1.1 x 10*N c) 1.1 x 103N d) 1.1 x 10N

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. (Given, ¥ = 12 x 10'? dyne cm™2, density of copper=
9 gcm™2 and specific heat of copper = 0.1 cal g~*°C™1)

a) Et b) (1/ 252)°C ¢) 1000°C d) 2000°C

A wire is stretched by 0.01 m by a certain force F. Another wire of same material whose diameter and
length are double to the original wire is stretched by the same force. Then its elongation will be

a) 0.005m b) 0.01m c) 0.02m d) 0.002 m

A copper wire and a steel wire of the same diameter and length are connected end to end and a force is
applied, which stretches their combined length by 1 cm. The two wires will have

a) Different stresses and strains b) The same stress and strain

c) The same strain but different stresses d) The same stress but different strains

Two identical wires of rubber and iron are stretched by the same weight, then the number of atoms in the
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

A cube of side 10 cm is subjected to a tangential force of 5 x 105 N at the upper face, keeping lower face
fixed. The upper face is displaced by 0.001 radian relative to the lower face along the direction of
tangential force. The shear modulus of the material of the cube is

10 N =2 ;
a) 5 x 10'° Nm b) 5 x 1011 Nm~2 ) 5 x 102 Nm™2 d)5 x 103 Nm™?

If Poisson'’s ratio o is — = for a material, then the material is

a) Uncompressible b) Elastic fatigue c) Compressible d) None of the above

A material has Poisson’s ratio 0.50. If a uniform rod of it suffers a longitudinal strain of 2 x 1072, then the
percentage change in volume is

a) 0.6 b) 0.4 c) 0.2 d) Zero

A wire of area of cross-section 10~%m? is increased in length by 0.1%. The tension produced is 1000 N,
The Young’s modulus of wire is

a) 102N /m? b) 10N /m? ) 101°N/m? d) 10°N/m?

To what depth below the surface of sea should a rubber ball be taken as to decrease its volume by 0.1%?
[Take : density of sea water = 1000kgm 2, Bulk modulus of rubber = 9 x 10®Nm™%; acceleration due to
gravity = 10 ms 2]

a)9m b) 18 m c) 180 m d) 90 m

The radii and Young's modulii of two uniform wires 4 and Fare in the ratio 2:1 and 1:2 respectively. Both

wires are subjected to the same longitudinal force. [f the increase in length of the wire 4 is one percent, the

percentage increase in length of the wire Bis

a) 1.0 b) 1.5 c) 2.0 d) 3.0

If a bar is made of copper whose coefficient of linear expansion is one and a half times that of iron, the
ratio of the force developed in the copper bar to the iron bar of identical lengths and cross-sections, when
heated through the same temperature range (Young's modulus for copper may be taken equal to that of
iron) is

a) 3/2 b) 2/3 c) 9/4 d) 4/9

The breaking stress of a wire depends upon
a) Length of the wire b) Radius of the wire
c) Material of the wire d) Shape of the cross section
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The graph is drawn between the applied force F and the strain (x) for a thin uniform wire. The wire
behaves as a liquid in the part

a) ab b) be c) cd d) oa
A particle of mass m is under the influence of a force F which varies with the displacement x according to
the relation F = —kx + F; in which k and F, are constants. The particle when disturbed will oscillate

a) About x = 0, with w # /k/m b) About ¥ = 0, withw = ,/k/m
c) About x = Fy/k, withw = \Jk/m d) About x = Fy/k, withw # Jk/m

Two wires of copper having the length in the ratio 4:1 and their radii ratio as 1:4 are stretched by the same
force, The ratio of longitudinal strain in the two will be

a)l:16 b)16:1 c) 1:64 d)64:1

A copper bar of length L and area of cross-section A is placed in a chamber at atmospheric pressure. If the
chamber is evacuated, the percentage change in its volume will be (compressibility of copper is 8 x
10"?m? N~ and 1 atm = 10°N m?)

'
a) 8 %10 b)8 x 1075 ) 1.25 x 10™* d) 1.25 x 1073

A uniform plank of Young's modulus ¥ is moved over a smooth horizontal surface by a constant force F.
The area of cross section of the plank is A. The compressive strain on the plank in the direction of the force
is

1
a) F/AY b) 2F/AY c) E(F/Ay) d) 3F/AY
The potential energy U/ between two molecules as a function of the distance X between them has been
shown in the figure. The two molecules are

a) Attracted when x lies between A and B and are repelled when X lies between B and €
b) Attracted when x lies between B and € and are repelled when X lies between A and B
c) Attracted when they reach B

d) Repelled when they reach B

Energy stored in stretching a string per unit volume is

1 1
a) 5 X stress X strain b) stress X strain c) Y(strain)? d) EY (stress)?

A student performs an experiment to determine the Young's modulus of a wire, exactly 2 m long, by
Searle’s method. In a particular reading, the student measures the extension in the length of the wire to be
0.8 mm with an uncertainty of £0.05 mm at a load of exactly 1.0 kg. The student also measures the
diameter of the wire to be 0.4 mm with an uncertainty of +0.01mm. Take g = 9.8 m/s? (exact). The
Young's modulus obtained from the reading is
a) (2.0 £ 0.3) x 10**N/m? b) (2.0 £ 0.2) x 10**N/m?
c) (2.0 +0.1) x 101N /m? d) (2.0 +£ 0.05) x 10*'N /m?
A body of mass m is suspended to an ideal spring of force constant & The expected change in the position
of the body due to an additional force Facting vertically downwards is

3F 2F 4F
a = b) = c) — d) =
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74.

Stress to strain ratio is equivalent to
a) Modulus of elasticity  b) Poission’s Ratio c¢) Reynold number d) Fund number
The load versus elongation graph for four wires of the same material is shown in the figure. The thickest

wire is represented by the line
Load D

0 Elongation
a) 0D b) OC c) OB d) 0A
A rubber cord 10 m long is suspended vertically. How much does it stretch under its own weight (Density
of rubber is 1500 kg/m®,¥ = 5 x 108N/m2,g = 10 m/s?)
a) 15 x 10~*m b) 7.5 x 107*m c) 12x 10™*m d) 25 x 10™*m
Equal torsional torques act on two rods x and ¥ having equal length. The diameter of rod y is twice the

diameter of rod x. If 0,, and 8, are the angles of twist, then% =
¥

a) 1 b) 2 c) 4 d) 16

When a spring is stretched by a distance x, it exerts a force, given by F = (—=5x — 16x?)N. The work done,
when the spring is stretched from 0.1 mto 0.2 m is

a) 8.7 x 107%] b)12.2 x 107%] ¢) 8.7 x 1071 d) 122 x 107

The elastic energy stored in a wire of Young’'s modulus ¥is

b) (stress)® x volume

1
a) EY % stress X strain x volume

2Y
. stress)?
c) stress X strain X volume d) ¥y x u
volume
According to Hooke's law of elasticity, if stress is increased, them the ratio of stress to strain
a) Becomes zero b) Remains constant c) Decreases d) Increases

When a force is applied on a wire of uniform cross-sectional area 3 x 10”°m? and length 4 m, the increase
in length is 1mm. Energy stored in it will be

(Y =2 x 10"*N/m?).

a) 6250] b) 0.177] c) 0.075] d) 0.150]

The Young’s modulus of the material of a wire is 6 x 10 Nm~2 and there is no transverse strain it, then
its modulus of rigidity will be

a) 3% 10 Nm2 b) 2 x 102 Nm2 ¢) 1012 N2 d) None of these

A weight of 200 kg is suspended by vertical wire of length 600.5cm. The area of cross-section of wire is
Lmm?. When the load is removed, the wire contracts by 0.5 cm. The Young's modulus of the material of
wire will be

a) 2.35 x 10*N/m? b) 1.35 x 10*°N/m? ¢) 13.5 x 10" N/m? d) 23.5 x 10N /m?

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

a)16:1 b)4:1 c)2:1 dj1:1

A thick rope of rubber of density 1.5 x 10% kgm™2 and Young’s modulus 5 x 10°Nm~?, 8m in length is
hung from the ceiling of a room, the increase in ¢ its length due to its own weight is

-2

A load suspended by a massless spring produces an extension of xcm 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
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86.

g =125 b) x = 3.0

c) The length of the original spring is 90 cm d) The length of the original spring is 80 cm
If the force constant of a wire is K, the work done in increasing the length of the wire by [ is
a) K/2 b) Kl c) Ki2/2 d) K2

Mark the wrong statement

a) Sliding of molecular layer is much easier than compression or expansion

b) Reciprocal of bulk modulus of elasticity is called compressibility

c) Itis difficult to twist a long rod as compared to small rod

d) Hollow shaft is much stronger than a solid rod of same length and same mass

A pan with set of weights is attached with a light spring. When disturbed, the mass-spring system
oscillates with a time period of 0.6 5. When some additional weights are added then time period is 0.7 s.
The extension caused by the additional weights is approximately given by

a) 1.38cm b) 3.5cm ¢) 1.75ecm d) 2.45 cm

To break a wire, a force of 10°N/m? is required. If the density of the material is 3 x 10°kg/m?, then the
length of the wire which will break by its own weight will be

a)34m b) 30m c) 300m d)3m

Alight rod of length 2m suspended from the ceiling horizontally by means of two vertical wires of equal
length. A weight W is hung from a light rod as shown in figure, The rod hung by means of a steel wire of
cross-sectional area A, = 0.1 cm? and brass wire of cross-sectional area A, = 0.2 cm?, To have equal
stress in both wires, T; /T; =

T T,
Steel Brass
[ p——

a) 1/3 b) 1/4 c) 4/3 d)1/2
A stretched rubber has

a) Increased kinetic energy b} Increased potential energy

c) Decreased kinetic energy d) Decreased potential energy

A brass rod of cross-sectional area 1cm? and length 0.2m is compressed lengthwise by a weight of 5 kg. If
Young’s modulus of elasticity of brassis 1 X 10N /m? and g = 10m/ sec? , then increase in the energy of
the rod will be

a)107° ] b)25x107%) €)5%x107°) d)25x107%)

Which one of the following statements is wrong

a) Young's modulus for a perfectly rigid body is zero

b) Bulk modulus is relevant for solids, liquids and gases

c) Rubber is less elastic than steel

d) The Young's modulus and shear modulus are relevant for solids

There are two wires of the same length. The diameter of second wire is twice that of the first. On applying
the same load to both the wires, the extension produced in them will be in ratio of

a) 1:4 b) 1:2 c) 2:1 d) 4:1
Which of the following substances has the highest elasticity?
a) Sponge b) Steel c) Rubber d) Copper

A rope 1cm in diameter breaks, if the tension in it exceeds 500 N. The maximum tension that may be given
to similar rope of diameter 3 cm is

a) 500N b) 3000 N c) 4500 N d) 2000 N

The increase in length on stretching a wire is 0.05%. [fits Poisson’s ratio is 0.4, the diameter is reduced by
a) 0.01% b) 0.02% c) 0.03% d) 0.04%
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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 b) 0.02 c) 0.03 d) 0.06

Two wires of length [, radius rand length 2[, radius 2rrespectively having some Young’s modulus are
hung with a weight mg. Net elongation is

3 mgl 2 mgl 3 mgl 3 mgl
a) mr2Y b) 3mriy ) 2nry ) dmr?y
A rectangular block of size 10cm X 8em X 5¢m is kept in three different positions P, @ and R in turn as
shown in the figure. In each case, the shaded area is rigidly fixed and a definite force F is applied
tangentially to the opposite face to deform the block. The displacement of the upper face will be

8 —-
;,- sﬁ_ A— B —
10
1 f
2 10
' |
(7
Q
fe—10— @
-
_rS
|
(R)
a) Same in all the three cases b) Maximum in P position
¢) Maximum in @ position d) Maximum in R position
A spring of constant kis cut into parts of length in the ratio 1 : 2. The spring constant of larger on is
k
k 2k 3k
a)s b)— c) — d)—
)2 ) 3 ) 3 ) 5

When a certain weight is suspended from a long uniform wire, its length increases by 1 cm. If the same

weight is suspended from another wire of the same material and length but having a diameter half of the

first one, the increase in length will be
a) 0.5cm b) 2 cm c) 4 cm d) 8 cm

The rubber cord catapult has a cross-sectional area 1 mm?and total unsaturated length 10.0 cm. It is
stretched to 12.0 cm and then released to project a miscible of mass 5.0 g, Taking Young's modulus for
rubber as, the tension in the cord is

a) 1000 N b) 100 N c) 10N d)1N

The reason for the change in shape of a regular body is
a) Volume stress b) Shearing strain ¢) Longitudinal strain d) Metallic strain

The general form of potential energy curve for atoms or molecules can be represented by the following
A

: B ; ; ; ; B
equation U(R) = —— = Here, R is the interatomic or molecular distance, 4 and B are coefficients, n and

e
m are the exponents. In the above equation

a) First term represents the attractive part of the potential
b) Second term represents the attractive part of the potential
c) Both terms represents the attractive part of the potential
d) Second term represents the repulsive part of the potential

Awire (Y =2 x 10" Nm™?) haslength 1 m and area of cross-section 1 mm?. The work required to increase

its length by 2 mm is
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a) 4001 b) 40 ] c) 4] d) 0.4]

96. A substance breaks down by a stress of 10° Nm™2. If the density of the material of the wire is 3 x
102 kgm™3, 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) 333 m d) 30.0 m

97. Identify the incorrect statement.

a) Young's modulus and shear modulus are relevant only for solids
b) Bulk modulus is relevant for solids, liquids and gases

c) Alloys have larger values of Young's modulus than metals

d) Metals have larger values of Young’s modulus than elastomers

98. The specific heat at constant pressure and at constant volume for an ideal gas are C,, and C,, and its
adiabatic and isothermal elasticities are £y and Ej respectively. The ratio of E to Ey is
a) G,/Cy b) G, /Cy c) GGy d) 1/C, G,

99. When a wire of length 10m is subjected to a force of 100 N along its length, the lateral strain produced is
0.01 x 10~ 3m. The Poisson’s ratio was found to be 0.4. If the area of cross-section of wire is 0.025 m?, its
Young's modulus is
a) 1.6 x 10° Nm~2 b) 2.5 x 10'® Nm~2 ) 1.25 x 10" Nm~? d) 16 x 10°Nm~?

100. The Poisson’s ratio of a material is 0.4, If a force is applied to a wire of this material, there is decrease of
cross-sectional area by 2%. The percentage increase in its length is
a) 3% b) 2.5% c) 1% d) 0.5%

101. The stress versus strain graphs for wires of two materials A and B are as shown in the figure. If ¥, and Y3
are the Young's modulii of the materials, then
¥

A
= 60°
307
a Strain %
a) Yp =2Y, b)Yy =Yg c) Yp = 3Y, d) ¥y = 3Yp

102. A wire whose cross-section is 4 mm? is stretched by 0.1 mm by a certain weight. How far will a wire of the
same material and length stretch if its cross-sectional area is 8 mm? and the same weight is attached ?
a) 0.1 mm b) 0.05 mm ¢) 0.025 mm d) 0.012 mm

2 cross-section is heated from 0°C to 20°C. The coefficient of the linear

103. A uniform metal rod of 2 mm
expansion of the rod is 12 x 107%/°C. Its Young’s modulus of elasticity is 10'* Nm~2. The energy stored
per unit volume of the rod is
a) 1440 Jm~3 b) 15750 Jm™~3 ¢) 1500 Jm™~3 d) 2880 Jm™3

104. The diagram shows stress v/s strain curve for the materials A and B. From the curves we infer that

A
5 ’

Strain
a) A is brittle but B is ductile b) A ductile and B is brittle
¢) Both A and B are ductile d) Both A and B are brittle

105. What is the increase in elastic potential energy when the stretching force is increased by 200 kN?
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106.

107.

108,

109.

110,

111

112.

113.

a) 238.5 | b) 636.0 ] c) 115.5] d)79.5]

The energy stored per unit volume in copper wire, which produces longitudinal strain of 0.1% is(Y =
1.1 x 10"'Nm™2)
a) 11 x 10°m™3 b) 5.5 x 10°Jm—3 ¢) 5.5 X 10%m™ d) 11 x 10*jm~3

The length of an elastic string is a metre when the tension is 44 N, and & metre when the tension is 5 N.
The length in metre when the tension is 9 N, is

a) 1@ —5b b) 5b — 4a ¢) 9b — 9a d)a+b

A wire of length 50 cm and cross sectional area of 1 sq. mm is extended by 1 mm. The required work will
be (¥ = 2 x 10'°NAm~?%)

a)6x1072%) b)4x107%] c)2x1072%) d)1x107%]

When a force is applied on a wire of uniform cross sectional area 3 x 10°°m? and length 4m, the increase

in length is 1 mm. Energy stored in it will be
(Y =2 x101)Nm2)

a) 6250 b) 0.177] c) 0.075] d) 0.150]
The force required to stretch a steel wire of 1 cm? cross-section to 1.1 times its length would be
(Y =2 x 10"*Nm™?)
6

a) 2 X10°N b) 2 x 103 N ) 2% 105N d)2x10-¢N
A wire of Young’s modulus 1.5 X 10" Nm~? is stretched by a force so as to produce a strain of 2 x 10*,
The energy stored per unit volume is

8 1,=3 ; : :
3}3’(10 Jm b) 3 x 10° Jm~3 €) 6 x 10 jm~3 d) 3 x10* Jm~—3
The relationship between Young's modulus ¥, Bulk modulus K and modulus of rigidity n is

9K 9YK InkK 3nkK
Y=k b) =t P

n+3K Y + 3K 3+K M+ K
A rod elongated by [ when a body of mass M is suspended from it. The work done is
1

a) Mgl b) EMg-’. ¢) 2 Mgl d) zero

114. A graph is shown between stress and strain for a metal. The part in which Hooke's law holds good is

115.

116.

117.

118.

Stress

o Strain
a) 0A b) AB c) BC d) CD
For a given material, the Young's modulus is 2.4 times that of rigidity modulus. Its Poisson's ratio is
a) 2.4 b) 1.2 c) 0.4 d) 0.2

The lower surface of a cube is fixed. On its upper surface, force is applied at an angle of 30° from its
surface. The change will be of the type

a) Shape b) Size c) None d) Shape and size
A steel wire of cross-sectional area 3 x 107°m? can withstand a maximum strain of 1073 . Young's
modulus of steel is 2 x 10'*Nm 2, The maximum mass the wire can hold is (take g = 10 ms™2)

a) 40 kg b) 60 kg c) 80 kg d) 100 kg

A force F is needed to break a copper wire having radius E. The force needed to break a copper wire of

radius 2R will be
a) F/2 b) 2F c) 4F d) F/4
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119. The adjacent graph shows the extension ({) of a wire of length 1m suspended from the top of a roof at one

end and with a load Wconnected to the other end. If the cross-sectional area of the wire is 107 m?,

calculate the Young's modulus of the material of the wire.

[ R S ;
g sy o
A L
2% L L v
40 60 80
a) 2 x 1011 Nm™2 b) 2 x 10711 Nm~2 ¢) 3 X 1012 Nm2 d) 2 x 1013 Nm™2

120. The Young's modulus of brass and steel are 10 x 10° Nm~2 and 2 x 10** Nm~? 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 Rg and Rg respectively. Then

- 3 R R
Ry = VZRg bR = — Re=4R d) R. = -2
a) ) Rg ,—2 c) Rg B ) Rg 2

121. The length of a wire is 1.0 m and the area of cross-section is 1.0 X 10~ %cm?. If the work done for increase
in length by 0.2 cim is 0.4 joule, then Young's modulus of the material of the wire is
a) 2.0 x 10"°N/m? b) 4.0 x 10'°N/m? €) 2.0 x 10" N/m? d) 4.0 x 10"'N/m?

122. X linear strain is produced in a wire of elasticity coefficient ¥ The stored potential energy in unit volume
of this wire is

2 1 1
a) V¥ b) 2V x? Q) 5% d)2¥x?

123. 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 4 is half that of Band if the force applied to both the rods is the
same and it is in the elastic limit, the ratio of extension of 4 to that of Awill be
a) 16 b) 8 c) 4 d)7

124. Find the extension produced in a copper of length 2 m and diameter 3 mm, when a force of 30 N is applied.
Young’s modulus for copper = 1.1 x 10" Nm—2
a) 0.2 mm b) 0.04 mm c) 0.08 mm d) 0.68 mm

125, Which is the most elastic
a) Iron b) Copper ¢) Quartz d) Wood

126. A force of 200 N is applied at one end of a wire of length 2m and having area of cross-section 10~ 2¢m?.
The other end of the wire is rigidly fixed. If coefficient of linear expansion of the wire @ = 8 x 107°/°C and

Young's modulus ¥ = 2.2 x 10" N/m? and its temperature is increased by 5°C, then the increase in the
tension of the wire will be

a)4.2 N b) 44 N c) 24N d)88N
127. 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

They are placed under compressive force of magnitudes £ The ratio for their lengths such that change in
lengths of both wires are same is (Y; = 2 x 10"*Nm~? and Y. = 1.1 x 10** Nm~?%)
a) 2.1 b) 1.1 )12 d) 2

128. A rubber cord catapult has cross-sectional area 25 mm? and initial length of rubber cord is 10 cm. It is
stretched to 5 cm and then released to project a missile of mass 5gm. Taking ¥,,pper = 5 X 108N /m?
velocity of projected missile is
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129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

a) 20ms™! b) 100 ms™* c) 250 ms™t d) 200 ms™?

Young's modulus of perfectly rigid body material is

a) Infinite b) Zero c) 10 x 10'® Nm~—? d) 1 x 10" Nm™?

The Poisson’s ratio of a material is 0.1. If the longitudinal strain of a rod of this material is 10, then the

percentage change in the volume of the rod will be

a) 0.008% b) 0.08% c) 0.8% d) 8%
If a spring extends by x on loading, then the energy stored by the spring is (if T is tension in the spring and
k is spring constant)
T2 T2 2x 217
a) — b) — C) — d) —
) 2x ) 2k ) = ) ke

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 increase by 0.031 mm as equilibrium is achieved. Taking g =3.1 m ms 2,

the Young's modulus of steel is
8 =2
a) 2.0 X 10% Nm b) 2.0 % 10° Nm~2 ¢) 2.0 x 10 Nm~2 d) 2.0 x 10?3 Nm~2

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 b) 10* Pa ¢) 107 Pa d) 10° Pa

Calculate the work done, if a wire is loaded by ‘M g" weight and the increase in length is 'l'

a) Mgl b) Zero c) Mgl/2 d) 2Mgl

In the figure three identical springs are shown. From spring 4, a mass of 4 kg is hung and spring shows
elongation of 1 cm. But when a weight of 6 kg is hung on 5, the Hook descends

a)lcm b)2cm c¢) 3cm d) 4 cm

A steel wire has length 2 m, radius 1 mm and ¥ = 2 x 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 = 10ms~2)
a) 1mm b) 2 mm c) 0.1 mm d) 0.01 mm

Which of the following statements is correct

a) Hooke's law is applicable only within elastic limit

b) The adiabatic and isothermal elastic constants of a gas are equal
c) Young's modulus is dimensionless

d) Stress multiplied by strain is equal to the stored energy

What among of work is done in increasing the length of a wire though unity ?
YL
- o e YA YL
b) — — d) —
a) 24 o o )=

After effects of elasticity are maximum for

a) Glass b) Quartz ¢) Rubber d) Metal

The upper end of a wire of radius 4 mm length 100 cm is clamped and its other end is twisted through an
angle of 30°. Then angle of shear is

a) 1 b) 0.12° ¢) 1.2° d) 0.012°
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141.

142,

143.

144.

145.

146.

147.

148.

149.

150.

151,

152

An iron bar of length /, cross-section 4 and Young's modulus ¥is pulled by a force # from both ends so as
to produce an elongation [. Which of the following statement is correct?

al «Y b)l « /A )l A d)l « /L

Compressibility of wateris 5 x 10'® m?N~1. The change in volume of 100 mL water subjected to15 x
10° Pa pressure will

a) No change b) Increase by 0.75mL  ¢) Decrease by 1.50 mL  d) Decrease by 0.75 mL
The graph shown was obtained from the experimental measurements of the period of oscillation Tfor
different masses M placed in the scale on the lower end of the spring balance. The most likely reason for
the line not passing through the origin is that

T?

M

a) Spring did not obey Hook’s law b) Amplitude of oscillation was too large

c) Clock used needed regulation d) Mass of the pan was not neglected

A fixed volume of iron is drawn into a wire of length L. The extension x produced in this wire by a constant

force F is proportional to
1

a) = b]% c) L2 d) L

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

a) ¥* b)Y c) 1/Y d) 1/v?

To break a wire of one metre length, minimum 40 kg wt, is required. Then the wire of the same material of

double radius and 6 m length will require breaking weight
a) 80 kg-wt b) 240 kg-wt c) 200 kg-wt d) 160 kg-wt

The points of maximum and minimum attraction in the curve between potential energy (UJ) and distance
(r) of a diatomic molecules are respectively

ut p

Q r
-
3
R
a)SandR b) T and § c) Rand § d)SandT

Two spring P and @ of force constants k, and kg (ko = %E) are stretched by applying forces of equal
magnitude if the energy stored in  is E, then the energy stored in P is

a) E b) 2E c) E/8 d)E/2
The material which practically does not show elastic after effectis
a) Copper b) Rubber c) Steel d) Quartz
An elastic material of Young's modulus ¥is subjected to a stress S. The elastic energy stored per unit
volume of the material is
i s? s 25
a) 2 b) 57 c) 37 d) A

On stretching a wire, the elastic energy stored per unit volume is

a) F1/2AL b) FA/2L c) FL/24A d) FL/2

The bulk modulus of a metal is 8 x 10° Nm™2 and its density is 11 gcm™2. The density of this metal under
a pressure of 20,000 N cm™? will be (in gem™?)
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153.

154.

155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

440
= 431 451 40
b) — sz d)—
2) 39 )35 % )39
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)1.2cm b) 0.6 cm c) 0.3 cm d) 0.15 cm

When a weight wis hung from one and of the wire other end being fixed, the elongation produced in it be
L. If this wire goes over a pulley and two weights weach are hung at the two ends, the elongation of the
wire will be

a) 4 b) 21 ¢) I d) /2

A particular force () applied on a wire increases its length by 2 x 10™3*m. To increase the wire’s length by
4 x 107*m the applied force will be

a4 F b)3 F c)2F d) F

The diameter of a brass wire is 0.6 mmand Y is 9 x 10 Nm~2 . The force which will increase its length by
0.2% is about

a) 100N b) 51 N c) 25N d) None of these
An aluminium rod, Young's modulus 7.0 X 10°N m™~2, has a breaking strain of 0.2%. The minimum cross-
sectional area of the rod in m? in order to support a load of 10* N is
-2 5 5
a)1 %10 b) 1.4 x 1073 ¢) 1.0 x 1073 d)7.1 x 1074
In the above graph, point D indicates

a) Limiting point b) Yield point c) Breaking point d) None of the above

A steel wire of 1m long and 1mm? cross section area is hang from rigid end. When weight of 1kg is hung
from it then change in length will be (given ¥ = 2 x 10N /m?)

a) 0.5 mm b) 0.25 mm c) 0.05 mm d) 5mm

Hooke's law defines

a) Stress b) Strain c) Modulus of elasticity  d) Elastic limit

In the Young's experiment, If length of wire and radius both are doubled then the value of ¥ will become
a) 2 times b) 4 times c) Remains same d) Half

A wire can be broken by applying a load of 200 N. The force required to break another wire of the same

length and same material, but double in diameter, is

a) 200 N b) 400 N c) 600 N d) 800 N

The temperature of a wire of length 1 m and area of cross section 1 cm? is increased from0°C to 100°C. If
the rod is not allowed to increased in length, the force required will be (@ = 1075 /°Cand ¥ = 10''N/m?)

3
a) 10°N b) 10*N ¢) 105N d) 10°N

Two cylinders of same material and of same length are joined to end as shown in figure. The upper end of
Ais rigidly fixed. Their radii are in ratio of 1 : 2, If the lower end of B is twisted by an angle 8, the angle of
twist of cylinder A is

16 16 17
b) — iz =L
) 150 170 T
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165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

Shearing stress causes change in

a) Length b) Breadth c) Shape d) Volume

There are two wires of same material and same length while the diameter of second wire is 2 times the
diameter of first wire, then ratio of extension produced in the wires by applying same load will be
a)l:1 b)2:1 c)1:2 d4:1

A rod is fixed between two points at 20°C. The coefficient of linear expansion of material of rod is 1.1 x
1075/°C and Young's modulus is 1.2 X 10! N/m?, Find the stress developed in the rod if temperature of
rod becomes 10°C

a) 1.32 x 107N /m? b) 1.10 x 10*°N/m? c) 1.32 x 108N /m? d) 1.10 x 106N /m?
The increase in pressure required to decrease the 200 L volume of a liquid by 0.008% in kPa is (Bulk
modulus of the liquid = 2100 MPa is)

a) 8.4 b) 84 c) 92.4 d) 168

In solids, inter-atomic forces are

a) Totally repulsive b) Totally attractive

c) Combination of (a) and (b) d) None of these

A stress of 3.18 x 108 Nm ™2 is applied to a steel rod of length 1m along its length. Its Young's modulus is
2 x 10" Nm™2. Then the elongation produced in the rod in mm is

a) 3.18 b) 6.36 c) 5.18 d) 1.59

The isothermal bulk modulus of a gas at atmospheric pressure is

a) 1mmofHg b) 13.6 mmofHg c) 1.013 x 10°N/m? d) 2.026 x 105N /m?
Aload of 1 kg weight is a attached to one end of a steel wire of area of cross-section 3 mm?and Young’'s

modulus 10'* Nm~2 . The other end is suspended vertically from a hook on a wall, then the load is pulled
horizontally and released. When the load passes through its lowest position the fractional change in length
is (g = 10 ms™?)

a) 0.3x10°* b) 0.3 x 1073 c) 0.3 x 103 d) 0.3 x 10*

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

A wire of cross-sectional area A is stretched horizontally between two clamps loaded at a distance 21
metres from each other. A weight wkg 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 < [) will be

a) X/ b) 2x2 /12 ¢) %221 d) x/2!

A wire is stretched under a force. If the wire suddenly snaps the temperature of the wire

a) Remains the same b) Decrease

c) Increase d) First decrease then increase

To keep constant time, watches are fitted with balance wheel made of

a) Invar b) Stainless steel c) Tungsten d) Platinum

The compressibility of water is 6 x 107N~ m?. If one litre is subjected to a pressure of 4 x 10’ N m~?,

the decrease in its volume is

a) 2.4 cc b) 10 cc c) 24 cc d) 15 cc

A cube of side 40 mm has its upper face displaced by 0.1 mm by a tangential force of 8 kN. The shearing
modulus of cube is

a) 2 x 10°Nm—2 b) 4 x 10°Nm~? c) 8 x 10°Nm 2 d) 16 x 10°Nm~2

A wire of length £ and area of cross-section A4 is stretched through a certain length L. If Vis Young's modulus
of the material of the wire, then the force constant of the wire is

YL
Yi YA YA
a) a4 b) — c) — o ot
) )~ )= )
If the interatomic spacing in a steel wire is 3.0A and Y;;..; = 20 X 10'°N/m? then force constant is

a) 6 x 1072N/A b)6 x 107°°N/A c) 4x1075N/A d) 6 x 10°°N/A
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181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

mgl
2y,

formula would give ¥ if mg is doubled

nr

a) 2y b]g Q)Y d) Zero

The Poisson’s ratio cannot have the value

a) 0.7 b) 0.2 c) 0.1 d) 0.3

A force of 10° newton stretches the length of a hanging wire by 1 millimetre. The force required to stretch
a wire of same material and length but having four times the diameter by 1 millimetre is

’ 1 1
a) 4 x 10°N b) 16 x 10°N C}Zx 103N d]Ex1G3N

Two wires of the same length and same material but radii in the ratioof 1 : 2 are stretched by unequal
forces to produce equal elongation. The ratio of the two forces is
ajl:1 by1:2 ) 213 d)1:4

One litre of a gas is maintained at pressure 72 cm 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~? and 0.1 b) 1.106 Nm~% and 0.1

5 106.62 Nm~2 and 0.1 d) 10662.4 Nm~2 and 0.1

A uniform cube is subjected to volume compression. If each side is decreased by 1%, then bulk strain is
a) 0.01 b) 0.06 c) 0.02 d) 0.03
A wire of length L and cross-section Ais made of material of Young's modulus ¥. It is stretched by an

amount x, the work done is
YxA

e YxZA Yx24 2Yx2A
a) 2p b)

C d
L }ZL ]L

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 thatin B is

a)2:3 b)3:4 c)3:2 d)6:1

The Young's modulus of a wire of length L and radius r is ¥ N/m?. If the length and radius are reduced to

L/2 and r/2, then its Young’s modulus will be

a)Y/2 b) ¥ ) 2Y d) 4Y

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 + Dtimes
The coefficient of linear expansion of brass and steel are c; and «;. If we take a brass rod of length [, and
steel rod of length [, at 0°C, their difference in length ({; — [,) will remain the same at a temperature if
a) aylp = azly b) a3 = a,lf c) aily = ajly d) a;l; = azl;
The hollow shaft is..... than a solid shaft of same mass, material and length.
a) Less stiff b) More stiff c) Squally stiff d) None of these
A wire is stretched 1 mm by a force of 1 k N. How far would a wire of the same material and length but of
four times that diameter be stretched by the same force ?
l mm 1 1 1
a) 7 b]z mm c) gmm d) T mm

Two exactly similar wires of steel and copper are stretched by equal forces. If the difference in their
elongations is 0.5cm, the elongation (I) of each wire is

Y.(steel) = 2.0 x 101*N/m?

Y.(copper) = 1.2 x 101N /m?

a) I, = 0.75¢cm, I, = 1.25cm b) [, = 1.25cm, I, = 0.75¢cm
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195.

196.

197.

198.

199.

200.

201.

202.

203.

204,

205.

c) I, =0.25¢cm,l. = 0.75cm d) !, = 0.75cm, [, = 0.25cm

Two wires of the same material (Young’s modulus Y) and same length L but radii Kand 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

a}% by 3wl o SwiL oL

8mR%Y 8mR%Y TRZY
Two wires are made of the same material and have the same volume. However, wire 1 has cross-sectional
area A and wire 2 has cross-sectional area 3 4. If the length of wire 1 increases by Ax on applying force £
how much force is needed to stretch wire 2 by the same amount?
a) F b) 4F c) 6F d) 9F
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 instructed before applying

the mass.
a) 0.01) b) 0.02] c) 0.04] d) 0.08]

On applying a stress of 20 x 108N /m? the length of a perfectly elastic wire is doubled. Its Young’s modulus
will be
a) 40 x 108N /m? b) 20 x 108N /m? ¢) 10 x 108N /m? d) 5 x 108N /m?

On increasing the length by 0.5 mm in a steel wire of length 2 m and area of cross-section 2 mm?, the force
required is [Y for steel = 2.2 X 10*'Nm™?]

a) 1.1 X 10°N b) 1.1 x 10*N ¢) 1.1 x 103N d) 1.1 x 102N

Which one of the following statements is correct? In the case of

a) Shearing stress there is change in volume

b) Tensile stress there is no change in volume

¢) Shearing stress there is no change in shape
d) Hydraulic stress there is no change in volume

According to Hooke's law force is proportional to
1 1
a) — b) — c) x d) x?
X x
An area of cross-section of rubber string is 2cm?. Its length is doubled when stretched with a linear force
of 2 x 10°dynes. The Young’s modulus of the rubber in dyne/cm? will be
a) 4 x 10° b) 1 x 10° c) 2 X 10° d) 1 x10*
If the Young's modulus of the material is 3 times its modulus of rigidity, then its volume elasticity will be
a2 b) Infinity ¢) 2 x 10'°Nm™2 d)3 x 10'°Nm™2
A metal bar of length L and area of cross-section 4 is clamped between two rigid supports. For the

material of the rod, its Young's modulus is ¥ and coefficient of linear expansion is a. If the temperature of
the rod is increased by At°C, the force exerted by the rod on the supports is

YL aAt
a) Y AL At b)Y AaAt 3 Jleshic d) Y a AL At

A steel wire is of length 1m, area of cross-section 2 mm? (¥ = 2 x 10" Nm™2). How much energy is
required for increasing its length by 2 mm.
a) 0.08J b) 0.8] c) 80] d) 800
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207.

208.

209.

210.

211.

212.

213.

215.

216.

217.

218.

219.

206. A 0.1 kg mass is suspended from a wire of negligible mass. The length of the wire is 1 m and its cross-

sectional areais 4.9 x 1077 m?" If the mass is pulled a little in the vertically downward direction and
released, it performs simple harmonic motion of angular frequency 140 rad s~*. If the Young’s modulus of
the material of the wireisn X 102 Nm™2 , the value of nis

a) 4 b) 2 c) 4.5 d) 5

One end of a uniform rod of mass m,, uniform area of cross section 4is suspended from the roof and mass
m, is suspended from the other end. What is the stress at the mid point of the rod?

a) (M1 + mz) g /A b) Gy =) g /A 0 [(mifiumz] " q) [ml-l-(;nzﬁ)] g

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)0.2] b)10] c) 20] d)0.1]

Aball falling in a lake of depth 200 m shows a decrease 0f 0.1% in its volume at the bottom. The bulk modulus
of elasticity of the material of the ball is (Take g=10 ms™?)

9 Nm=2
a) 10° Nm b) 2 x 10% Nm™2 ¢) 3 x 10° Nm™2 d) 4 x 10° Nm™2
In steel, the Young’s modulus and the strain at the breaking point are 2 x 10°Nm™~2 and 0.15 respectively.
The stress at the break point for steel is

11N =2

a) 133 X 10*"Nm b)1.33x 10'2Nm™2  ¢) 2 x 10'° Nm™2 d) 3 x 10 Nm™2
Two wires of same diameter of the same material having the length ! and 2. If the force F is applied on

each, the ratio of the work done in the two wires will be

a)l:2 b)l1:4 c)2:1 d)1:1

When a weight of 10 kg is suspended from a copper wire of length 3 metres and diameter 0.4 mm, its
length increases by 2.4 cm. If the diameter of the wire is doubled, then the extension in its length will be
a) 9.6 cm b) 4.8 cm c) 1.2em d) 0.6 cm

The twisting couple per unit twist for a solid cylinder of radius 3 cm 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 b) 0.455 N-m c) 0.91 N-m d) 1.82 N-m

214. A tensile force of 2 x 10% N doubles the length of a rubber band of cross-sectional area 2 x 10~*m?. The

Young's modulus of elasticity of the rubber band is
! A
a) 4 X10'Nm b) 2 x 102 Nm™2 ¢) 107 Nm™2 d) 0.5 x 107 Nm™2

Which of the following rods of same material undergoes maximum elongation when subjected to a given
force?

a) I=1m, d= 2 mm b) I=1m, d=1mm c) I=2m,d=1mm d) I=2m, d=2 mm

A solid sphere of radius rmade of a material of bulk modulus A" 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 (dr,/1) is

a) Ka/me b) Ka/3meg ¢) Me/3Ka d) Mg/Ka
If Sis stress and Yis Young's modulus of material of a wire, the energy stored in the wire per unit volume
is
ho Z¥ S
a) 252y b) — c) — d) —
) ) 2Y 52 ) 2Y
A wire of diameter 1mm breaks under a tension of 1000 N. Another wire, of same material as that of the

first one, but of diameter 2 mm breaks under a tension of
a) S00N b) 1000 N c) 10000 N d) 4000 N
Coefficient of isothermal elasticity E and coefficient of adiabatic elasticity Ey are related by (y = €, /C,)
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220.

221.

222.

223.

224.

225.

226.

227.

228.

229.

a) Eg = vEy b) Eg = yEg c) Eg =v/Eg d) Eg = y*Ey
The length of a rubber cord is [; metre when the tension is 4 N and I; metre when the tension is 6N. The
length when the tension is 9 N, is
a) (2.51;, — 1.5]; )m b) (6, — 1.5, )m c) (31, —20;)m d) (3.5{; —2.5];)m
On all the six surfaces of a unit cube, equal tensile force of F is applied. The increase in length of each side
will be (¥ = Young's modulus, ¢ = Poisson's ratio)
) s b) e — g 2220 L

Y(1—a) Y(1+a) Y Y(1+ 2a)
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

Q

Strain

o]
Stress

a) Elasticity of wire P is maximum b) Elasticity of wire @ is maximum

c) Tensile strength of R is maximum d) None of the above is true

The Young’s modulus of a rubber string 8 cm long and density 1.5 kg/m?® is 5 x 10% N/m?, is suspended
on the ceiling in a room. The increase in length due to its own weight will be

a) 9.6 x 10™°m b)9.6 x 107 1'm c) 9.6 x 1073m d)9.em

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 c)2:3 d)4:9

Why the spring is made up of steel in comparison of copper

a) Copper is more costly than steel b) Copper is more elastic than steel

c) Steel is more elastic than copper d) None of the above

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

a}ap/lﬂ' b) o pV c) a/pV doV/p
The isothermal elasticity of a gas is equal to
a) Density b) Volume c) Pressure d) Specific heat

A wooden wheel of radius R is made of two semicircular parts (see figure). The two parts are held
together by a ring made of a metal strip of cross sectional area S and length L. L is slightly less than 2mR.

To fit the ring on the wheel, it is heated so that its temperature rises by AT and it just steps over the wheel,

As it cools down to surrounding temperature, it presses the semicircular parts together. If the coefficient
of linear expansion of the metal is &, and its Young's modulus is Y, the force that one part of the wheel
applies on the other part is

a) 2uSYalAT b) SYaAT c) nSYaAT d) 25YaAT

Aload W produces an extension of 1mm in a thread of radius r. Now if the load is made 4W and radius is
made 2r all other things remaining same, the extension will become

a) 4mm b) 16 mm c) 1mm d) 0.25 mm
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230. A body of mass m = 10 kg is attached to a wire of length 0.3 m. The maximum angular velocity with which

231

232.

233.

234.

235.

236.

237.

238.

239.

240.

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 = 107?m?)

-1
a) 4 rads b) 8 rads " ¢) 1rads™ d) 2 rads "
In the three states of matter, the elastic coefficient can be

a) Young’s modulus b) Coefficient of volume elasticity

c) Modulus of rigidity d) Poisson's ratio

If the volume of a block of aluminium is decreased by 1%, the pressure (stress) on its surface is increased
by (Bulk modulus of A1 = 7.5 x 10"°Nm~%)

a) 7.5 x 10'®°Nm—2 b) 7.5 x 108Nm™2 ¢) 7.5 x 10°Nm~2 d) 7.5 x 10*Nm™*

The diagram shows the change x in the length of a thin uniform wire caused by the application of stress F

at two different temperatures T; and T,. The variation shown suggest that
F
Tz

T

e ¥

alT, =T, b)T; <Ty )T, =T, d) None of these

The compressibility of water is 4 x 10° per unit atmospheric pressure. The decrease in volume of 100 cm?

of water under a pressure of 100 atmosphere will be

3
a) 04 cm b) 0.025 m? ¢) 4 x 105 cm? d) 0.04 cm?
Which of the following substance has the highest elasticity?

a) Steel b) Copper c) Rubber d) Sponge
The mass and length of a wire are M and L respectively. The density of the material of the wire is d. On

applying the force F on the wire, the increase in length is [, then the Young's modulus of the material of the

wire will be
Fdl FL FMI FdL?
Fdl i EM: q FaL”
ST ) 3tal T J=5

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 em, then the
displacement would be

a) 0.25cm b) 0.5 cm c) 0.75 cm d) 1cm

Which one of the following is the Young's modules (in N/m?) for the wire having the stress-strain curve
shown in the figure

oy
=

Stress (107 N/m?)
LEE T N - T =

2 4 6 8=10%
a) 24 x 10" b) 8.0 x 10'? c) 10 x 10" d) 2.0 x 10

A steel wire is stretched with a definite load. If the Young's modulus of the wire is Y. For decreasing the
value of Y
a) Radius is to be decreased b) Radius is to be increased

¢) Length is to be increased d) None of the above

Strain

fn]

In a wire stretched by hanging a weight from its end, the elastic potential energy per unit volume in terms

of longitudinal strain ¢ and modulus of elasticity ¥ is
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Ya?
sl Yo 2Yo?
a} 2 b] ? C} 7

2

Yig
d) ——
) 2

241. If the ratio of lengths, radii and Young's modulus of steel and brass wires shown in the figure are a, b and c,

respectively. The ratio between the increase in lengths of brass and steel wires would be

Brass
2 kgl
Steel
4 kg
b%a bc ba? a
a) — b)— C) — d
) 2c ]20_2 ) 2c ]szr:

242. A metallic rod of length [ and cross-sectional area A is made of a material of Young modulus Y. If the rod is
elongated by an amount y, then the work done is proportional to

1 ; 1
a)y b) - c) y? d) =
Y 7 y?
243. A 1m long steel wire of cross-sectional area 1 mm? is extended by 1 mm.If ¥ = 2 x 10''N m~2, then the

work done is
a)0.1 ] b) 0.2 ] ) 03] d) 0.4 ]

244, A student plots a graph from his reading on the determination of Young's modulus of a metal wire but

forgets to label. The quantities on X and Y axes may be respectively
¥

X
a) Weight hung and length increased b) Stress applied and length increased
c) Stress applied and strain developed d) Length increased and weight hung

245, A spherical ball contract in volume by 0.01% when subjected to normal uniform pressure of 100
atmosphere. What is the bulk modulus of elasticity of the material of the ball ? ( Take 1 atmosphere =
10 dyne cm™3)

9 -2 )

a) 10° dyne cm b) 10'° dyne cm™ ¢) 10*? dyne cm 2 d) 10'* dyne cm™?

246. Young's modulus of the material of a wire is Y. On pulling the wire by a force F, the increase in its length is
x. The potential energy of the stretched wire is

1 1 1

a) EFx b) ny ) Esz d) None of these

247. There is no change in the volume of a wire due to change in its length on stretching. The Poisson's ratio of
the material of wire is
a) +0.50 b) -0.50 c) +0.25 d) -0.25

248. A rectangular bar 2 cm in breadth and 1 cm in 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 cm 2,
the depression in the bar is
a) 0.2450 cm b) 0.3675 c) 0.1225cm d) 0.9800 cm

249, 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 3, then the length of the wire of that substance which will break under its own weight when
suspended vertically is nearly
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253

254

250.

251.

252.

255.

256.

257

258.

259,

260.

261.

262.

263.

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

and all other magnitudes are unchanged, then increase in length will be

a) 6 mm b) 3 mm c) 24 mm d) 48 mm

Bulk modulus was first defined by

a) Young b) Bulk ¢) Maxwell d) None of the above

Modulus of rigidity of a liquid

a) Non zero constant b) Infinite c) Zero d) Can not be predicted
. The work done in stretching an elastic wire per unit volume is or strain energy in a stretched string is

a) Stress X Strain b) 1/2 x Stress x Strain ¢} 2 X Strain X Stress d) Stress/Strain
. The bulk modulus of an ideal gas at constant temperature

a) Is equal to its volume V b) Is equal to p/2

c) Is equal to its pressure p d) Can not be determined

The ratio of the adiabatic to isothermal elasticities of a triatomic gas is

3 4 5
a) % b) 3 c) 1 d) 3
The value of force constant between the applied elastic force F and displacement will be

¥

Force

30°

o Displacement 5
1 1 V3
a) 3 b)— c) = d) —
) ) )5 A
A wire fixed at the upper end stretches by length by applying a force £ The work done in stretching is
E FAI
a) 2a1 b) FAL c) 2FAl d]T
In above question, the work done in the two wires is
a) 0.5J,0.031 b) 0.25],0] c) 0.03],025] d)0],0]

A copper rod of length Land radius ris suspended from the ceiling by one of its ends. What will be
elongation of the rod due to its own weight when p and Y are the density and Young’s modulus of the
copper respectively?

272 2 2,272 L
a2 gL b]ng P8 L d) e

2Y 2Y 2Y 2Y
If work done in stretching a wire by 1 mm is 2 ], the work necessary for stretching another wire of same

material, but wire double the radius and half length 1 mm joule is
a) 1/4 b) 4 c) 8 d) 16

are stretched by applying equal forces, the increase in their lengths will be in the ratio

a)ﬁ:z b)2:vZ c)1:1 d)j1:2

If the work done in stretching a wire by 1 mm is 2 ], 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

1 c) 8] d) 16]
a)z) b) 4]

Under elastic limit the stress is
a) Inversely, proportional to strain b) Directly proportional to strain
c) Square root of strain d) Independent of strain

A wire is loaded by 6 kg at its one end, the increase in length is 12 mm. If the radius of the wire is doubled

Two wires of the same material have lengths in the ratio 1 : 2 and their radii are in the ratio 1 : V2. If they
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264.

265.

266.

267.

268.

269.

270.

271,

272,

273.

274.

275.

276.

277.

278.

When the tension in a metal wireis T, its length is [;. When the tension is T, its length is [,. The natural
length of wire is
T
ARG ) bTa =Ty LTy + by
a) T, b) Tyl + Tl c) T, =T, T,
A wire of natural length [, Young's modulus Yand area of cross-section 4 is extended by x. Then the energy
stored in the wire is given by
1YA 1YA 1Yl 1YA
B el bt B el - B | Bl
)3 T* 3 T* )3 7% )3 >

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 and density of
rubber = 1.5 x 10® kgm ™3,

Take g=10ms™?)

a) 1.5mm b) 6 mm ¢) 24 mm d) 96 mm

The pressure of a medium is changed from 1.01 x 10° Pa to 1.165 x 10° Pa and change in volume is 10%
keeping temperature constant. The Bulk modulus of the medium is

a) 204.8 x 10°Pa b) 102.4 x 10°Pa ¢) 51.2 x 105Pa d) 1.55 x 105Pa

In the above graph, point B indicates

a) Breaking point b) Limiting point c) Yield point d) None of the above
Which of the following relation is true?

a) Y =2n(1-20) b)Y =2n(1+ 20) c)¥Y=2n(1-o) d(1+a)2n=Y

How much force is required to produce an increase of 0.2% in the length of a brass wire of diameter

0.6 mm
(Young’s modulus for brass = 0.9 x 1011 N/m?)
a) Nearly 17 N b) Nearly 34 N c) Nearly 51 N d) Nearly 68 N

A stress of 1 kg mm?is applied on a wire. If the modulus of elasticity of the wire is 101° dyne cm™?, then the
percentage increase in the length of the wire will be

a) 0.0098% b) 0.98% c) 9.8% d) 98%

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 ¢m, Diameter 0.5 mm
Which of the following is true for elastic potential energy density

a) Energy density = 1/2 X strain X stress b) Energy density = (strain)? X volume
¢) Energy density = (strain) x volume d) Energy density = (stress) x volume

There is no change in the volume of a wire due to the change in its length on stretching. The Poisson’s ratio
of the material of the wire is
1 1 1 1
a) +-— b) —= c) +-— d] ——
)45 ) -5 ) +7 )-3

A cube is subjected to a uniform volume compression. It the side of the cube decreases by 2%, the bulk
strain is

a) 0.02 b) 0.03 c) 0.04 d) 0.06
Which statement is true for a metal
a)¥<n b)Y =n cA)Y>n d)Y<1/y
If Eg and E4 denote the isothermal and adiabatic elasticities respectively of a gas, then :—B

P
a}<1 b)> 1 c)=1 d)=32
Which of the following affects the elasticity of a substance
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279.

2380.

281.

282

283.

a) Hammering and annealing b) Change in temperature

c¢) Impurity in substance d) All of these

The following four wires of length L and radius rare made of the same material. Which of these will have
the largest extension, when the same tension is applied?

a) L=400 cm, r= 0.8 mm b) L=300cm, r= 0.6 mm

c) L=200cm, r= 0.4 mm d) L=100cm, r= 0.2 mm

When a 4 kg mass is hung vertically on a light spring that obeys Hook'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) 4.9l b) 2.45] c) 0.495] d) 0.245]

A work of 2 x 1072 ] is done on a wire of length 50 cm and area of cross-section 0.5mm?. If the Young's
modulus of the material of the wire is 2 x 10'°Nm~2, then the wire must be

a) Elongated to 50.1414 cm b) Contracted by 2.0 mm

c) Stretched by 0.707 mm d) Of length changed to 49.293 cm

A 100 N force stretches the length of a hanging wire by 0.5 mm. The force required to stretch a wire, of the
same material and length but having four times the diameter, by 0.5 mm is

a) 100N b) 400 N c) 1200 N d) 1600 N

Two identical wires are suspended from the same rigid support but one is of copper and the other is of

iron. Young's modulus of iron is thrice that of copper. The weights to be added on copper and iron wires
so that the ends are on the same level must be in the ratio of
ajl:3 b)2:1 c)3:1 dj4:1

284. One end of uniform wire of length L and of weight w is attached rigidly to a point in the roof and a weight

285.

286.

287.

288.

289.

w; is suspended from its lower end. If 5 is the area of cross-section of the wire, the stress in the wire at a

height (31/4) from its lower end is
Wy

B w 3w wy +w
a) s b][wl—l—z]s c) [W1+T]/5 d) =
Which of the following relations is true
9nY 0.5Y —n
a)3¥ =K(1—-a) b]K:m c) o = (6K +n)Y dog=———
An iron rod of length 2m and cross section area of 50mm?, stretched by 0.5mm, when a mass of 250kg is

hung from its lower end. Young's modulus of the iron rod is

a) 19.6 x 10'°N/m? b) 19.6 x 10*5N /m? c) 19.6 x 108N /m? d) 19.6 x 102N /m?
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 107% m
Extensional of wire 2 x 10™°m
Which of the following deductions can be correctly made from this data?

1. The value of Young’s Modulus is 101 N m™

II. The strainis 1073

HII. The energy stored in the wire when the load is applied is 10 |

a) 1, 2, 3 are correct b) 1, 2 correct c) 1 only d) 3 only

2

If x longitudinal strain is produced in a wire of Young's modulus y, then energy stored in the material of
the wire per unit volume is

1 1
a) yx? b) 2 yx? ) syx d)=y3°
A force Fis 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 ?
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290.

291.

292.

293,

a}F

The Young’s modulus of the material of a wire is 2 x 10'*°Nm™~2. If the elongation strain is 1%, then the

b)3F ¢)9F d) 36 F

energy stored in the wire per unit volume in Jm 2 is
a) 10° b) 108 ) 2 x 10° d) 2 x 10°

The length of a wire is increased by 1 mm on the application of a given load. In a wire of the same
material, but of length and radius twice that of the first, on the application of the same load, extension is
a) 0.25cm b) 0.5 cm c) 2 mm d) 4 mm

The only elastic modulus that applies to fluids is

a) Young’s modulus b) Shear modulus ¢) Modulus of rigidity d) Bulk modulus

If the thickness of the wire is doubled, then the breaking force in the above question will be

a) 6F b) 4F c) 8F d) F

294. Two similar wires under the same load yield elongation of 0.1 mm and 0.05 mm respectively. If the area of

295.

296.

297.

298.

299,

300.

301

cross-section of the first wire is 4 mm?, then the area of cross section of the second wire is

a) 6 mm? b) 8 mm? c) 10 mm? d) 12 mm?

A wire of length Z and radius a rigidly fixed at one end. On stretching the other end of the wire with a force
F, the increase in its length is L. If another wire of same material but of length 2/ and radius 2a is
stretched with a force 2F the increase in its length will be

a)l/4 b) | c) l/2 d) 2!

The work per unit volume to stretch the length by 1% of a wire with cross sectional area of 1mm? will be
[Y =9 x 10N /m?]

a) 9 x 10" b) 4.5 x 107 c) 9 x107] d) 4.5 x 101!/

Two wires of equal lengths are made of the same material, Wire A has a diameter that is twice as that of
wire B. If identical weights are suspended from the ends of these wires, the increase in length is

a) Four times for wire A as for wire B b) Twice for wire A as for wire B

¢) Half for wire A as for wire B d) One-fourth for wire A as for wire B

The diagram shows a force-extension graph for a rubber band. Consider the following statements

1. It will be easier to compress this rubber than expand it

1. Rubber does not return to its original length after it is stretched

I1. The rubber band will get heated if it is stretched and released

Which of these can be deduced from the graph

Extensian

Force
a) lil only b) Il and Il c) Iand Il d) I only
The extension in a string obeying Hooke’s law is x. The speed of sound in the stretched string is v, If the
extension in the string is increased to 1.5 x, the speed of sound will be
a)1.22v b) 0.61 v c) 1.50v d) 0.75 v
A wire (¥ = 2 x 10" Nm~?) has length 1 m and cross-sectional area 1 mm~2. The work required to
increase the length by 2 mm is
a) 0.4 b) 4] c) 40 | d) 400 |

The work done in increasing the length of a one metre long wire of cross-sectional area Imm? through 1
mm will be (¥ = 2 x 101! Nm~2)
a) 0.1 b)5] c) 10] d) 250]
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302. The pressure applied from all directions on a cube is P. How much its temperature should be raised to
maintain the original volume? The volume elasticity of the cube is f and the coefficient of volume
expansion is «

Pua PB aff
a) E b) F c) = d) 53
303. The increases in length is [ of a wire of length L by the longitudinal stress. Then the stress is proportional
to
a) L/l b) /L c)IxL d)ZxL
304. A wire fixed at the upper end stretches by length | by applying a force £ The work done in stretching is
a}% b) Fl c) 2FI d]%E

305. The Young's modulus of the material of a wire is equal to the
a) Stress required to increase its length four times  b) Stress required to produce unit strain

c) Strain produced in it d) Half the strain produced in it
306. A gas has Bulk modulus Aand natural density p. If pressure pis applied, what is change in density?
a) s b) .t c) i d) -1
pp p K P

307. A rod of length [ and radius r is joined to a rod of length % and radius r/2 of same material. The free end of

small rod is fixed to a rigid base and the free end of larger rod is given a twist of 8%, the twist angle at the

joint will be

6 8 50 80
a) — b)— c) — d)—
)3 )2 i 5
308. If the shear modulus of a wire material is 5.9 x 10'! dyne cm™ 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
-12
aj 1433 x 107 b) 2.00 x 10712 ¢) 1.00 x 1072 d) 0.8 x 10712

309. The graph shows the behaviour of a length of wire in the region for which the substance obeys Hooke's
law. P and @ represent

Q
P e

a) P = applied force, Q = extension b) P = extension, @ = applied force

c) P = extension, (} = stored elastic energy d) P = stored elastic energy, () = extension

310. A uniform slender rod of length /, cross-sectional area 4 and Young's modulus ¥is acted upon by the
forces shown in the figure. The elongation of the rod is

L3,
3F o 2F

3FL

iy 2FL 3FL 8FL
a)5 Ay b) — ¢) — d) —

54Y 84Y 3AY

311. A cube of aluminium of sides 0.1 m is subjected to a sharing force of 100 N. The top face of the cube is
displaced through 0.02 cm with respect to the bottom face. The shearing strain would be
a) 0.02 b) 0.1 c) 0.005 d) 0.002

312. A steel ring of radius r and cross-section area 'A’ is fitted on to 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 R —r E/R—1r Er
A b) 45 (—) 97(=) b
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315

314.

315.

316.

317.

318.

319.

320.

321

322

323.

324.

A wire of length 21 and radius r is stretched between A and B without the application of any tension. If ¥
is the Young’s modulus of the wire and it is stretched like ACB, then the tension in the wire will be

e 2L |
A 7B
d
c

2y 43 2y 42 2 2 2
a) nr-¥d b) ar<¥d ) ar<Y.2L d) nr<Y.2L

2B 2L° d? d
The work done in deforming body is given by

'l -

a) stress X strain b) E(stress X strain) c) stress/srain d) Strain/stress

A 5 m long aluminium wire ¥ = 7 x 10'° Nm~? ) of diameter 3 mm supports a 40 kg mass. In order to have
the same elongation in the copper wire(¥Y = 12 x 102Nm ~2) of the same length under the same weight,
the diameter should now be (in mm)

a) .75 b) 1.5 c) 2.3 d) 5.0

A copper wire of length 4.0m and area of cross-section 1.2cm? is stretched with a force of 4.8 x 10°N. If
Young’s modulus for copper is 1.2 X 10'*N/m?, the increase in the length of the wire will be
a) 1.33mm b) 1.33 cm c) 2.66 mm d) 2.66 cm
The relation between y, 5 and K for a elastic material is

1 1 1 1 1 1 1 1 1 1 1 1
RERETAETS ST R Dy "mtox
A solid block of silver with density 10.5 x 10? kg m™? is subjected to an external pressure of 107 Nm™2. If
the bulk modulus of silveris 17 X 10 Nm~?, the change in density of silver (in kg m™?) is
a) 0.61 b) 1.7 ¢) 6.1 d) 17 x 10°
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:a =12 x 107° K1)
-5
a) 36 x 10 b) 64 x 1075 c) 0.78 d) 0.32

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 : steel = 2 x 10**Nm~?)

a)2:11 b)11:2 c) 20:11 d) 11:20

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)l b) 0.25 c) 0.5 d) 0.75

A metal rod of Young's modulus 2 x 10'® Nm~? undergoes an elastic strain of 0.06%. The energy per unit
volume stored in  m~3 is

a) 3600 b) 7200 c) 10800 d) 14400

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 bhall are rotated
with an angular velocity 20 rad s 1. If the elongation in the wire is 10™?m, then the Young’s modulus is

11 —2
a) 4 107" Nm b) 6 x 101 Nm~2 ¢) 8 x 10''Nm™2 d) 10 x 10"'Nm™2

The mean distance between the atoms of iron is 3 X 107'%m and interatomic force constant for iron is
7N /m. The Young's modulus of elasticity for iron is
a) 2.33 x 10°N/m? b) 23.3 x 101°N/m? c) 233 x 101°N/m? d) 2.33 x 10°N/m?
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325.

326.

327

328.

329.

330.

331

332

333.

334.

335

336.

Two wires A and B of same length, same area of cross-section having the same Young’s modulus are
heated to the same range of temperature. If the coefficient of linear expansion of 4 is 3/2 times of that of
wire B. The ratio of the forces produced in two wires will be

a) 2/3 b) 9/4 c) 4/9 d) 3/2

Four wires of the same material are stretched by the same load. Which one of them will elongate most if
their dimensions are as follows

a) L =100 ¢cm, r=1mm b) L =200 cm, r= 3mm

c) L =300cm, r=3mm d) L =400 cm, rr=4mm

Which is correct relation

a)¥<o b)Y >o c)Y=ga do=+1

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 Fits length increases by [. Another wire of the same material of length 4 L, radius 4ris pulled by a

force 4F The increase in length will be
l
a) 3 b) c) 2l d) 41

The figure shows the stress-strain graph of a certain substance. Over which region of the graph is Hook's
Law obeyed ?

B A

s B

=

N sC

D

o — Strain
a) BC b) CD c) AB d) oD
The area of cross section of a steel wire (Y = 2.0 x 10N /m?) is 0.1cm?. The force required to double its
length will be
a) 2 x 102N b) 2 x 101N c) 2 x 1019N d) 2 x 10°N

If a rubber ball is taken at the depth of 200 m in a pool, its volume decreases by 0.1%. If the density of the
wateris 1 X 103kg/m? and g = 10 m/s?, then the volume elasticity in N/m? will be
a) 10° b) 2 x 10° ¢) 10° d) 2 x 10°

If Young's modulus of elasticity ¥for a material is one and half times its rigidity coefficient n, the Poisson's
ratio o will be
2 1 1 2
a) +-= b) — = c) +— d) —=
S )~z Vg )=~z

One end of steel wire is fixed to ceiling of an elevator moving up with an acceleration 2 ms~2 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

(Takeg=10ms ?andY = 2 x 10'* Nm™?)

11
a) 4 x10 b)3 x 107° )8 x107° d)2 x 107°

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

a) 0.8 cm b) 1.6 cm c) 2.4 cm d)3.2cm

Steel and copper wires of same length are stretched by the same weight one after the other. Young's
modulus of steel and copper are 2 x 10'*N/m? and 1.2 x 10N /m?. The ratio of increase in length

2 3 5 5

a) = b)= c)= d) =

) 5 ) 5 ) 4 ) 2
The length of an elastic spring is a metres when a force of 4 N is applied, and b metres when the 5 N force

is applied. Then the length of the spring when the 9 N force is applied is
aja + b b) 9b - 9a c) 5b —4a d) 4a - 5b
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337. Longitudinal stress of 1 N/mm? is applied on a wire. The percentage increase in length is (¥ = 10N /m?)

a) 0.002 b) 0.001 c) 0.003 d) 0.01
338. If the length of a wire is reduced to half, then it can hold the .......... load
a) Half b) Same c) Double d) One fourth

339. A solid sphere of radius R made up 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 Mis
placed on the piston to compress the liquid, the fractional change in the radius of the sphere is

Mg Mg 3Mg Mg
A 7Tx REyT: e EYTs

340. The modulus of elasticity is dimensionally equivalent to
a) Surface tension b) Stress c) Strain d) None of these
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MECHANICAL PROPERTIES OF SOLIDS
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MECHANICAL PROPERTIES OF SOLIDS

: HINTS AND SOLUTIONS :

1

(a)
Y = 3K(1—20),Y = 2n(1 + o)
ForY =0,wegetl —20=0,alsol+0=0

= g lies between%and -1

(b)
W—lexE—1 E—1x10x10x1x10‘3
-2 B il
= 0.05]
(a)

Elastic potential energy per unit volume is given
as

1
U= 5 % stress X strain

From definition of Young's modulus of wire
stress

strain
= stress =Y X strain
Given, strain=X
1
Therefore, U = 7% yx?

= U=05VX?

(d)
Increase in length due to rise in temperature AL =

aLAT
YAAL _ YAxaLAT

FL
As Y——-E,hﬂ, F——-T—— = YAaAT

F=2x10"x10"x11x107°x20 =
44 N,
@)
When strain is small, the ratio of the longitudinal
stress to the corresponding longitudinal strain is
called the Young's modulus (V) of the material of

the body.
__stress  F/A
~ strain /L

Where Fis force, A the area, [ the change in length

and Z the original length.

Ly =L

T T W

r being radius of the wire.
Givenry = 2n, L, =21, F;, = 2F;

Since, Young's modulus is a property of material,
we have

i=Y;

Rl 2F X214

Carfl,  mw(2r)%l,

L=1=I

Hence, extension produced is same as that in the
other wire,

(b)
orce

Stress = . Stress W—m
% p a r

B TA) 3
—=[|=] =(2) = 55 =45
2=(2) =@ =5 =15
(d)
A =10"%m?

Y = G) - (1100-06) _ 100 x@ _ 10*
a3 10701 107

(d)

M4
Vg

(b}
Mz

(c)
When a mass M, is suspended from the wire,
change in length of wire is AL; = L; — L
When a mass M, is suspended from it, change in
length of wireis ALy = Ly — L
From figure (b), Ty = Mg ...(1)
From figure (c), T, = Mg ...(ii)

As young's modulus, Y = ﬁf = ::.:
1 2

Tl 3 T2 % Tl _ TZ

ALy ALy "Ly—=L Lp—1L

Mig _ M.g

T [Using (i) and (ii)]
My(L; — L) = Ma(Ly — L)
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10

11

12

14

15

16

17

18

19

Mln,_.-z — M]_L = Mzn‘l_.-i = MzL

Ll M2 _— Lle
L(Mz - M]_) = Lle - Lle = L pr— W
(b)
Adiabatic elasticity E = yP
Forargon E;, =16 P (1)

For hydrogen E;;, = 1.4P" ..(ii)
As elasticity of hydrogen and argon are equal

8
#16P = 14P' = P' =P

(c)

FL L il Ll ?"22
=E— =l =X
b=y ! B, A bp WP

13 1
or ===

Therefore, strain produced in the two wires will
be in the ratio 1:2.

(@)
Y= EL Al o ¥
=Ani MR S
LT
oty TR g
Al,
Or o =2X2%x2=8
Or Al, =8Al; =8 x 1 mm = 8 mm
(b)
_pv_ PV p P
=—=——=— orT =—
AV yAT  3aT IKa
()
100
K = —— = 10%atm = 101N /m?
0.01/100 atm fm
= 10"dyne/cm?
(b)

Work done in stretching the wire

1
W= 7 X force constant x x?
For first wire, W; = % X kxt = %kxz
For second wire, W, = %X 2k % x2 = kex?
Hence, W, = 2W,;

(b)
AP _ 14V

B = R [Ap = constant]
(@

T
21

In the given problem, r*0 = constant

By 1
TR
(<)

Young's modulus of wire depends only on the
nature of the material of the wire

4
8

T=

20

22

23

24

25

26

27

(b)

For most materials, the modulus of rigidity, G is
one third of the Young's modulus, y

G :%yorYZSG
em=3

(a)
L=1m=100cm
A =1cm?

Y = 10" dyne em™
[=1x10""em

AYl  1x10%?x107?
Force, F=—=——"—
L 100

= 10° dyne

(a)
o r 2x1073
strain =-¢ ——

[

()
o _ P

TAVV
AV P

V B

h

:%: 1.36%

(a)

Let us consider the length of wire as L and cross-
sectional area 4, the material of wire has Young's

modulus as ¥,

Case 1 Case 2

n _
T
£ |4
m ‘me
Then for 1stcase Y = TT}JIA

W
For2nd case, Y = -‘:-r

[

I'==

2

So, total elongation of both sides = 21’ = [

(c)

The density would increase by 0.1% if the volume

decrease by 0.1%
Ap

T AV

M—K‘w—zxwg X i =2x 10 Nm™2
SR 100 e

()

lateral strain

a= =
longitudinal strain

X 45° = 0.9

lateral strain

b o o e e e e e e e e e R e e e M e R R S M M S M e S S R e S S G M M M e R R S e R e S M M R M e e R
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28

29

30

31

32

33

34

35

36

37

38

= Lateral strain= 0.5 x 0.03 = 0.015
(d)

Poisson’s ratio varies between —1 and 0.5

(b)

Young's modulus ¥= % %
Force F=2Y_AYR2rR-n)
L 2nr

=i Fis Ar{r:—r}
(a)
E= FL AL = FL

= mrzaL O T e
Clearly, AL o L
(b)

0 =Lp=>10"%%x08=2x¢=¢=0.004
(b)
Angle of shear ¢ = %
(d)

At extension [;, the stored energy =

=22 %30=012°
1040

K12

At extension [, the stored energy = %K.‘.’%

Work done in increasing its extension from 4 to I,
= —K(Ez —13)

(d]

Elastic energy stored in the wire is

U= Ex stress X strain X volume

1 F Al
_EX;XT x Al
=
=1 Fal
:ixzoo x1x1073 =01]
(c)
y_F L _ _Fxu AL 1
T AL x(rj2)2AL CT AL 8
(b)
10N 1000

Nm~! =250 Nm™?

T 40 x107°m 4
Spring constant of combination

=22 Nm™! = 125 Nm™
Energy =5 %125 x (40 x 1073)? ] =0.1]
(d)

Coefficient of elasticity in increasing order is
given by
Rubber<Glass<Copper<Steel.
(©
The Bulk modulus is given by
pV
B="%
Ifliquid is incompressible, so

AV =10

39

40

41

42

43

46

47

48

Hence, B = . - = B = oo(infinity)
(b)
Because strain is a dimensionless and unitless
quantity
(d)
F_YAI_2.2><10“><2><1[]‘6><5x10“‘
L 2
=1.1x 102N
(b)
_ 1 va/ar
T2 1
Butm=AldorA = %
YmAl®
T 20%d
; . Ymai?
Ein calorie = 77
_ Ymal® _yal®
Now, mS0 = PYERT, ord = PTERTE
_12x10M %107 %1073 %1073
Or 6= 2%2X2%9x10%x4,2X0.1% 103
__daxie® 1
T 72x42x105 252
(a)
b= F_I; alx i [Y and F are constant]
nrey
L, L, ¢r i L
2= () =@x(3) =3
11 Ll 2 2
ol 2M, G 08
T T
(d)
Force
Stress =
area

In the present case, force applied and area of
cross-section of wires are same, therefore stress
has to be the same

Stress

Strain =

Since the Young's modulus of steel wire is greater
than the copper wire, therefore, strain in case of
steel wire is less than that in case of copper wire

(a)

_F 5 x 10° B T
N =76~ 100 x 10~ %0001~ X0 Nm
(a)

dv dL
7=(1+20)a
[faz—%thend%ZOi.e.Kzoo
(d)

Poisson's ratio is 0.5 so there is no change in the
volume.
(a)

FL 1000 x 100

= T 102N /m?
Al 10-5x0.1 fm
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50

51

53

54

55

56

57

58

(d)
4 hpg
K=——=2K=———
_av 0.1x1072
v
___)h_K><0.1><10'2_9><103><1{)3_%I
- pg SRR
(<)
Increase in lengthl = £
AY
i _ FL
g mriy
Percent increase in length
A : 100 r
e M —
* L nriy

Here, same longitudinal force is applied.
So, 21— ()" (%)
" Ax, o] ¥

L _ (. (9 =12
E_(E) (1)“4Xt
b =t

Axp 2
.ﬂx2=‘lx2=2%
(@)
F =YAaT ;
Fou _ cu_ 3

FFe Ore 2

(b)

At point b, yielding of material starts
(<)

Restoring force is zero at mean position
P
F=—Kx+F,=0 =—Kx+FD='x=EG

; : ; \ F
i.e. the particle will oscillate about x = ?D

K K
=>Fﬂ=Kx:>ma=Hx:>a:En_-_W: =
(b)

Strain o Stress « %

i i _.4_2_ 22_ EZ_E
Ratlonfstram—ﬂl—(n) _(1) =
(b)

1 AvV AV _ 1
gy OF peAp [x]

Or %xlﬂﬂ:ioﬁxsmo—”xmu::ax

103

(a)

Y= = strain = F
= Strain 0T Ay
(b)
P (dU)

- dx

In the region BC slope of the graph is positive
« F = negative i. e. force is attractive in nature
In the region AFB slope of the graph is negative

59

60

61

63

64

65

66

67

~ F = positive i. e. force is repulsive in nature

()
Total work done in the stretching a string

1
=3 X stress X strain X volume

Hence, the work done per unit volume is
%(Stress ¥ strain).

This work is stored as the potential energy in the
string.

(b)

FL 4FL

Al wlEl

Where L = length of the wire
= elongation of the wire

d = diameter of the wire

substituting the values, we get ¥ = 2 x 10''N/m?
Ay  Ad Al 2(0.01)+0.05 9
B 0.4

= 2 = - =
Y ‘a1 08 _ 80
=AY = ? xY = ? x 2 x 101
T80 T80

= 0.2 x 10**N/m?>

;F=mg

(b)
Let the change in position of the body due to
additional force is x.
So, F=-kx
2F

e X =—
(@)

= FL., A ;
= o [ — [V,L and F are constant]

i.e. for the same load, thickest wire will show
minimum elongation. So graph D represent the
thickest wire

(a)
L*dg (10)% x 1500 x 10
— — —; -4
==y 2% 5% 10° L a0
(d)
4 4

mnr mn(2r)

Ty = Tﬁx and 1, = TBP

(a)
F=-5x—16x%=—(5+ 16x%)x = —kx
~k =5+ 16x*

1 1
Work done, W = Ek2x§ - Ekle

= % [5 + 16(0.2)2](0.2)% —%[5 + 16(0.1)2](0.1)?

=282x4%x1072-258%x10"2 =87 %107
(b)
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68

69

70

71

72

73

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.

W = 5 X stress X strain X volume of wire

Also, when strain in small, ratio of longitudinal
stress to corresponding longitudinal strain is

called Young's modulus of material of body.
longitudinal stress

B longitudinal strain
stress

1
& W = = X stress X X volume

2
_ (stress)* x volume

2Y

(b)
According the Hooke's law modulus of elasticity £
_ Stress

= — = Constant
Strain

Hence, if stress is increased, then the ratio of

stress to strain remains constant.
(c)
Work done is stretching a wire,
1 YAI?
= = M ——

2 L
_1}<2><1{JI“><3>~<10"”:o((l)(ll(]‘g)2
T2 4
= 0.075]

(@)
T=20+0) 77
Y 6 x10%?
=== —=3x% 10" Nm2
=3 2 =
(@)

F = 2000N,L = 6m,l = 0.5¢m, A = 107%m?

_FL_2000%6 . o
B TR T =T R T e e e
(a)

p 1 A
Energy density = 5 stress X strain

1 stress  (stress)?® 1
=— G — = —
zstrESb ¥ 2y De

4
Now ;—;=g—§=(2ﬁ=15

(@)

If (A) is the area of cross-section and [ is the

length of rope, the mass of rope, m = % As the

weight of the rope acts at the mid-point of the
rope.

mg ., (1/2)

= — 0 ——

So, Y 7 oy
i Alpgl i?
Al =l _ Alost . gl
24Y 24Y 24Y

9.8x1.5x10% x82
— - 2
- —0f4X
Or Al T 9.6 X 10“m

74

75

76

77

78

79

81

83

(a)

Assume original length of spring =1

mg = kx
k1(60) = k(1 —60) = ki

mg = ky = (7.5) according to question

And mg =k, = (5.0)

ki ki
f=g5*=T"eo

ki 50 1—60

k, 75 60
2 1-60
360

& 1 =100cm

And kx =k x 75
(5K

kx = (T) X 7.5

~ x=125cm

(<)

= =1y, _1 — 12
K—EandWmZFI—ZKIxEMEKI

(©)

For twisting, Angle of shear ¢ « i

i.e.if L is more then ¢ will be small

(b)

mo_ :
2m |==0.6 .(i)and 2w =

(o s ; 72
Dividing (ii) by (i), we get (E) =
m+m' 49 m' 13

—-l=—=-12—==
m 36 m 36
, 13m
>m =—-—
36
k 47?
AISO; =R
Desired extension = 22 = 22 x 4
k 36 4
13 10X0-36—35
36X ag2 ~ e
(a)
P _ 100 100 _

Tdg 3x103x10 3
(d)

Equal stress

F Fy o011

—_— e s = =

Al Az Fz 0.2 2

(b)

= 1 . (stress)? — _1,
=z 7 volume =
1 F*L 1 (50)2 x 0.2

m+m'

_m+m’ _ 49

1 FiIxAxL

=0.7

34m

X
2 AY 2 1x107%x1x10M"

=2.5x107%]
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84

85

86

87

88

Force
Vi Stress _ Area

= Strain | L
L

Young's modulus,

Where, [ is change in length and £ the original

length.

Force =mg, Area = A = nr?
_FL
o2l '

: Fl . F].Ll T[Tzztz

" ¥a wrll, Fali
L _rf

G

(as all other quantities remain same for both the

wires)
Given, m = 2ny
. {l _ (2?’1)2 _ 4

" o T1

(b)

Out of the given substances, steel has greater
value of Young’s modulus. Therefore, steel has
highest elasticity.

()

Breaking stress for both ropes would be same.

Tmax, Tmaxz

@) ()

s = 9K T, = 4500'N

Lateral strain

Longitudinal strain
Or Lateral strain = ¢ X longitudial strain

— 0.4 %05 - 00
100 100
So, percentage reduction in diameter is 0.02.

()
Let L be the length of each side of cube. Initial
volume = L3. When each side decreases by 1%.

S g
New length L' = L s
3
New volume = L™ = (ﬂ) , change in volume,
100
— (99L)3
B 100

“fi-(1 )= P <2
AV 3137100
& Bulk strain = —= ————=10.03

L3
(c)
Young's modulus ¥ = %“fi
= )
and ¥ =55 - SEEL

89

90

91

92

94

95

96

97

98

99

1 is
Or I, = ;irz )

From Egs. (i) and (ii), we have
mgl megl _ 3 mgl

!1.“2:1/ nr2+2Ym‘2 T 2Y mre
()

F/A L F

= e— = — ¥ —
=TTy

[f 7 and F are constant then x « %

For maximum displacement area at which force
applied should be minimum and vertical side
should be maximum, this is given in the @ position
of rectangular block

(d)
= 3 e N gy :
Y = T (m) < kl = constant;
3k
k x3=k"'x%x2 m’k':?
(c)
Y= AL . AL « 1
~anL ! a’ D2
AL p?
Hj—=ﬂ—;2=4or&.b2 = 4AL; = 4cm
(b)
Y= F X : F=Y4 at
SR T s
_ (5.0x10%)x10%) x(2x107%)
- (10x1072) =100N
(b)
A B
U(R) =F—-R—m

The negative potential energy (2" part) is the
attractive

(d)
l YAx
Y==—%X- orfF=—
x [

A
'
Work done W = % Fxx =%“x

_1x2x1011x(107%)x(2x107%)"

Z2x1
(c)
P 10° 100
eg 3x103x10 3

0.4]

Lo
(d)

Metals have larger values of Young's modulus
than elastomers because the alloys having high
densities, ie, alloys have larger values of Young's
modulus than metals.

=333 m

(b)

Ratio of adiabatic and isothermal elasticities
Eg g Cp

g P 'TC,

(a)
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: ¥ 7 Lateral strain
Poisson’s ratio = ——————
Longitudinal strain

0.01x 1073
1

L
=4x 10*

ie, 0.4=

L 0.4
or - =——
I~ 0.01x1073
Young's modulus

Y_FL
Al

_ 100
©0.025

100 (b)
Ad Al

Poisson’s ratio,g = 0.4 = ?/T

X 4 x 10* = 1.6 x 108Nm™2

mdA? 44
Area A = n'r2=T ord? =—=
m

Differentiating
4

2d Ad = —AA
T

Zndid
4

2
As A="C 5084 =

d
Aa _ mgAd  ad

A mdija “d
Given Ef- % 100 = 2%

Ad Ad
e A e o e —_— 10
2=2 P or , 1 /’EJ

. _ Adfd _
Given o = FTT =0.4
Ad Al
Or ?= G4T
M_ 1 a
I~ 041
=25x1%
=2.5%
101 (d)
Y, tanf, tan60 3
i = 1 — = =3=Y,=3Y
Yp tanfpy tan30 1/y3
102 (b)
y= Fl
T AAL
Y, F and [ are constants.
‘ Al _ay 4 B 1
T Ay 4z 8 2
Oral, = ﬁ—;-’— = %lmm =0.5mm

103 (d)
Energy stored per unit volume is given by
Y x (strain)®

2
_ 1o (change in leng‘ch)2
T2 original length

where Yis Young's modulus
16 (cc LL\.B)E
N L

104

105

106

107

=12 (12 x 107° x 20)? = 2880 Jm™3

(b)
[n ductile materials, yield point exist while in
Brittle material, failure would occur without

yielding
(b)
[nitial elastic potential energy
Uy = 1 FAl = ;
T2 T2

1
=g x (100 x 1000)

x (1.59x 1073) = 79.5]
Let Aly, be the elongation in the rod when
stretching force is increased by, 200N, Since, Al =
X< ;s0,0l F
wr ¥
Al, F,  100+200

Al F 100
Or Al; =3Al=3 x1.59 x1073m =
477 x1073 m

Final elastic potential energy is
1 1
Uy ==FAlL = 7% (300 x 10%) x (4.77 x 1073)

2
=715.5]
[ncrease in elastic potential energy
= 715.5-79.5 = 636.0 ]
(<)
Elastic potential energy( %)) is given by

U—lFxE
2

—lexixAL i
=gRTXy (1)

where, Lis length of wire, Ais area of cross-
section of wire, Fis stretching force and [ is
increase in length.

Eq. (i) may be written as

1
U= 3 X stress X strain X volume of the wire

= Elastic potential energy per unit volume of the
wire
u 1

U = — = =— X §tress X srain
AL 2

=5 X (Young's modulus X strain) X strain

1
S (Y) x (strain)?

Hence,
2

—lxllxll)“x(o'l)
Uimigh & 100
= 5.5 x 104m3

(b)
T =K(1-1)
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Tz = K(l! === 1!2)
T -4

L e e

Tl =Tl =T =T,

(T, —T )l =T, !!2 - Tzh

i iz T-[l{z = Tzi}

(Ty =T3)
[ = (5a —4b)
)

1
k= b-na
e (i)

So, length of wire when tension is 9 N
9=kl (I' = change in length)

1 ; P _
g—mXEﬂi—gb 9a

Hence, final length =1 + I
=5a—4a+9a —9a

ly =5b—4a
108 (c)
VAR 2x10' x 107 x (107%)?
W==r= 2 x 50 x 1072
= 231074
109 (c)
4412

1
Energy U—-z— xT

: 2
1 2x10ttx3x1079x(1x1073)

2 4
=0.075]
110 (a)
AL
F=YA—=2x 10 x (107%) x 0.1
=2x10%N
111 (d)

Energy stored per unit volume

1 1
=EY (strain)? = i 1.5 x 1012 x (2 x 10742

=3 5% 10* Jm~*
112 (a)
Y=3K(1—-20)and¥ = 255(1 + 0)
T . _ an{
Eliminating o we getY = e
113 (b)
Work done = %F X Al = % Mgl
114 (a)
In the figure OA, stress « strain i.e. Hooke's law
hold good
115 (d)
Y=2n(1+0)

= 24n=2n(1+0)
= l2=1+40¢
= o=02

116 (d)

There will be both shear stress and normal stress
117 (b)

F
Stress 3

Young's modulus ¥ =

mg
Axstrain
Y= Axstrain

[
_2x 1042 %1073 % 1078

10

Strain  Strain

or Y

or m=

= 60kg

118 (c)
Breaking Force o« Area of cross section of wire
(wr?) If radius of wire is double then breaking
force will become four times

119 (a)

Extensions Al = (;;LE) W

ie, graph is a straight line passing through origin
(as shown in question also), the slope of which

=G

_ ( 1.0 ) (80—-20)
~ \10-8/ (4—-1)x10~*

= 2.0 x 10'*Nm™2
120 (b)
B l
V=R *a
F,l and Al are constants.

RZ Y 1011 1
N7 -
Or ==— or Rg =

121 ()

1YAl? 1XY s il 4 4 ) i

=04 ==

" LT3 1
= 2% 10%N/m*
122 (d)
Elastic potential energy per unit volume

=%stress X strain = %(Y xstrain) Xstrain =

1
Esz
123 (a)
. FV
~ AZAl
1 1
Al ocﬁ or Al ch

A, Df 1t
C gD (1
2
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F 1
Y =— x—

4 Al
v Fv
Now, V = Al orl = e
124 (c)
A= 4Fl
"~ nD?Y
4x30%2X7

~22 x(3x1073)¥x 1.1 1011
=7.7 x1075m = 0.077mm
126 (d)
Increase in tension of wire = YAaA#@
=8x10"°%x22x10" x107%x10"* x5

=88N
127 (b)
Fl,
Y=
7 AML;
_ Flg
And Yc mACﬂLf_‘
YedpAL
e - = (B () ()
" Ly YsAsbls T \Y./\A¢/ \AL¢
F
HerE. E — 2}& — I'E T ﬂ
Ag aLg Yg
L: 11
L —=—x2x1=11
Ly 2
128 (c)

Potential energy stored in the rubber cord

mass

1, 1vAP YAI2
— = = Ty —

T S9TL VT L

~[5x10%x25x107¢ x (5 x 1072)?
N 5x 1073 x 10 x 102

= 250m/s
129 (a)
Young's modulus of a material is given by
v — FxL
T AxI
For a perfectly rigid body,
=0
» Y = oo (infinite)
130 (b)
Longitudinal strain a = L‘i;h = 10;%
2 = 1.001
b
lateral strain__

Poisson's ratio, g = m ==

Or f=o6a=01x10"3%=10"* :“T;”z
Or :_2: 1—10"* = 0.9999
1
% increase in volume = (VZ_V‘
Vi

)xmo

catapult will be converted into kinetic energy of

:(3”2;2;:“) x 100 = C‘?i‘f‘ 1) x 100
=[(0.9999)? x 1.001 — 1] x 100 = 0.08%

131 (b)

F: 72

T

132 (c)

Mgl _ 4% (3.1m)x 2.0

mr2 x| mx(2x1073)2 x0.031 x 103
=2 x 10! Nm™2

133 (d)
10 m column of water exerts nearly 1 atmosphere
pressure. So, 100 m column of water exerts nearly
10 atmospheric pressure, ie, 10 x
10° Pa or 10° Pa.

134 (c)
Work done = %FI =A%

2
135 (c)

xX=-=

k
If spring constant is k for the first case, it is g for
second case.
For first case, 1 = %
]
For second case, x' =
S 1

Dividing Eq. (ii) by Eq. (i), we get

e 12/k
x'= YT =3cm

12

/2 &

136 (a)
Y = (mg+;n!w}£
nr<il
+miw? )
Or Al = m(g—_
nry
1(10+2x4m?x4)’
m(1x10-3)2x2x1011
(204+64x9.88)7
2x22%10%

Or Al =

Or Al =
4566.24
= Jax10°
137 (a)
In accordance with Hook’s law
138 (c)

1 .
Work done = EF % extension

x 10° mm = 1 mm

_ FxL

1 A 1 —
=2*T Ax1
YA

140 (b)
Asm =Idso p = 2220 = 0.12°
141 (b)
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F L FL
Y=IXT or I=H orl o«1/A
142 (d)
Compressibility, K = % - %
5% 1071 = 1Dt}x10—a3v><15x106
= AV=5x10"1%100x 1073 x 15 x 10°
=0.175 mL
Since, pressure increases, so volume will
decrease.
143 (d)

When no weight is placed in pan, and T2 shows
some value, it means, the pan is not weightless
and hence, the mass of the pan cannot be
neglected.
144 (c)
FL FL? _F L?

TAY (ALY VY
If volume is fixed then [ o L2

145 (c)
Depression in beam
wi?

1
L“fot—

Y
146 (d)
Breaking force = Breaking stress x Area of cross
section of wire
. Breaking force oc r* (Breaking stress is
constant)
If radius becomes doubled then breaking force
will become 4 times i.e.40 X 4 = 160 kg wt
147 (d)
Attraction will be minimum when the distance
between the molecule is maximum

Attraction will be maximum at that point where

- . . du
the positive slope is maximum because F = ——

dx
148 (d)

Here, ky = %

According to Hooke's law
~l= et Py kX
Fo = —kqxg :i=k—2é
F, = F, [Given]

e Ng 1)

X9 kp

150

151

152

153

154

155

Energy stored in a springis U = %kxz

Up kpxi ky ki 1 k ]
“Up koxi ke ki 2 L% 2
Ug .
=3-Up =T=E [- UQ = E]
(b)
Energy per unit volume =% X stress X strain
1 strain stress
= — X stress X |Y = -
2 strain
52
—2r
(a)

Energy stored per unit volume = %(%) G) =1L

T 24L
(a)
Here, p = 20,000 Ncm™2 = 2 x 108 Nm™2

—FY
k= AV
Av =22
s
_ 2x10%xV ¥
T ogx10% T 40
New volume of the metal,
L - S
Vi=V-AV=V T
New mass of the metal
=V'xp="2p' = Vx11
r_ 440 =3
Or iy
(b)
_ mg x4x! -
aD2x al O o X D2

When £ is doubled, Al becomes on- fourth, ie',“l X

2.4 cm,ie, 0.6 cm.

()

w L wl
Y = E X T or |l = ﬁ
When wire goes over a pulley and weight wis
attached each free ad 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
o 2wx/2)_ wi

=1

YA YA
(<)
£ F XL
_A_
Y_i Axl

L
(where ¥is Young's modulus of elasticity Since, ¥,
Land Aremain same.

F ol
Fo
F, I
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F _ 2x107°

£, 4x1073
F2 —_ 2F
156 (b)
YAAIL
F =

l

4
157 (d)
FjA
" Breaking strain
F _10*x100
VxBreaking strain 7x10%0.2
=0.71x10"%=71 x10™
159 (c)
MgL 1x10x1
L= Y4 = Tx10t x10-°
162 (d)

Young's modulus Y = %

Ora=

or F =—
L

or FxAorFer?orF «d?
F, _ d?
R d}

Given, d; =d, d, = 2d,F; = 200N
200 _ (@) 1

2 (2d)2 4

or F, =4 x200= 800N
163 (b)

F = force developed

=YA o« (AB)

=101 % 10™* % 10~%x 100 = 10*N
164 (c)

For cylinder A,

+
mrt
Ti= o7 0

For cylinder B, t=

mn(2r)* (8-
21
mnr*e’  mn(2r)* (6 —6")
21 21
=29
17

166 (d)

E N ry
167 (a)
Thermal stress = YaA#@

= 1.32 x 107N /m?
168 (b)

qnd
=9 x 1010 x £ x m*—wlx%Nmsm

= 0.05 mm

FL 1
l= =S l = [F,L and Y are constant]

=12x 101 x 1.1 X 1075 % (20 — 10)

170

171

172

173

174

175

176

Bulk modulus K = :—:j V

KAV
=Y
5 - 2100 X 10° X 0.008 _
p= 200 = 4
(d)
/4
Al

Given, F /A = stress = 3.18 x 108Nm 2
l=1m,Y =2 x 10"'Nm™2
_ [F/A _ 1x3.18x 108

= % Bl o 1
Al v > % 1011 59 x107°m
= 1.59mm

(c)
[sothermal elasticity K; = P = latm = 1.013 x
10% N/m?
(a)
Young's modulus, ¥ = mA—giL

Il _mg

LAY
& 1x10
L 3Ix10-8% 1011
=03x107*
(b)

Y 247

n

= a0 " 1" a+e
Orl1+oa=120r =02
(9
From figure the increase in length Al = (PR +
RQ) — PO
= 2PR - PQ

2 231/2 L
=B+ -2=2(1+%) -2
o 12
=21 +3%] -2t
= x? /1 ( By Binomial theorem)
Strain = Al/20 = x?/21?

(c)

Work done on the wire to strain it will be stored
as energy which is converted to heat. Therefore,
the temperature increases.

(a)

Because dimension of invar does not vary with
temperature

S S S S S S S S S S S S S S S S S S S S S S S S S S R S S S S S S S S S S S N S S S S R S S S S S S S S S —

o o o)



T D S M N S SN N B B NN SN SEE N SN BN BN NI NS B EES SN SN SN N BN BN NN BN BN NN NN BN BN ST NN NN SN SN N NN BN NN BN SN N B B BN B

177

178

179

180

182

183

184

185

(c)
P
Bulk modulus, B = — =
)
—ve sign shows that with an increase in pressure,
a decrease in volume occurs

L
PV

Decrease in volume, AV = PVk
=4x10"x1x6x1071% =24 x 1073 litre
=24x103 x10%cm® = 24 cc

Compressibility, k = % =

(a)
Shearing modulus of cube

_FL
Tal
_ 8x10°x40x107° I
S@X10x(0ix105 2 < 10Nm
(d)

F L F YA

Y= 1 XT or force constant = 7 = T
(b)
K=Yry=20x10x3x10"1° =60 N/m
=6x10"N/A
(a)

We know that the Poisson's ratio have the
theoretical value

1< <1
s

But practically the value of o (Poisson's ratio) is
1
Il<o<—
e

So the Poisson’s ratio cannot have the value 0.7.
(b)

!
F=YXAX-
L

= F «c r?[Y,l and L are constant]
[f diameter is made four times then force required
will be 16 times, i.e.16 x 10N
(d)
_Fl
T
In the given problem, ¥, 1 and Al are constants .
o« F oA

FR_rE 1
Or F=m?or F xr?or2=L1==
F L 4

(d)

According to Boyle's law, p,V, = p, V;
Or p;=ps (%)

Or p;, =72 x1000/900=80 cm of Hg.
Stress = increase in pressure
=p,—p;=80-72=8

=1066.4 Nm?

Vi—V; _ 1000-900 _

Volumetric strain = T 0.1
186 (d)
If side of the cube is L then V = L3 = “—: = 3%

=~ 9% change in volume = 3 X (% change in length)

=3x1% =3%
~ Bulk slzrain,ﬂ—tfr = 0.03

187 (c)
F/A YAAL

Here, Al = x;Y = L {)I‘F:T

The work is done from 0 to x(change in length),

’ 0+AL _ Al
So the average distance = e

Work done = Force X distance

_YAAL AL vA(AD? _ vAx?
L 2 2L ZL
188 (b)
1 FZL Evoiip
U==-Fl=—.U o« — |FandY are constant]
2 24y re

() w3
189 (b)

Young's modulus of wire does not vary with
dimension of wire. Itis the property of given

material
190 (a)
7
I Fl
AT AL
1
Or ¥ DExAl Al o pz o' 4L Dz 1
191 (d)

Ly=0L1+aA8)and L, = [, (1 + a,A8)
= (L, = L) = — L) +A0(La; — Lay)
NOW (L;_ - Ll) = (EZ m— fj) 50, 52{12 e l!-'[_a-]_ = 0

193 (d)
Fl
~ Al
Y, !l and F are constants.
1
s Al G(ﬁ
Al D? -
AL, D7 16
1
~ Al = 16 mm
194 (a)
A ey ek

Alsol. =1, =05 ..(ii)
On solving (i) and (ii) [, = 1.25cm and [ =
0.75cm

195 (c)
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196

197

198

199

200

Ym(2R)? Ym(R)?
1= L IR L
2 1 1 L L
Equn.ralentk—I + T W + e

Since, kyx; = kyxy = w
Elastic potential energy of the system

! 2,1 2
U:§k1x1 +§ kzXz
)

T2 Mk 27k,
19 (1, 1) _ 5L
=z% {R_1+E}_5 (Mrﬁei)

_ 5wl

T BmYR?

(d)
Ayly = Ayl
Asly  AXI l
Ay 34 3
il_
ly
Fy ;
Axy _.ffly I ()
Bz i3

Ax, = 3Ay£2 ..... (ii)
Here Ax; = Ax,

F, o Fy
34y ° Ayt

L
F2=3F1 K=

L,
=3F, x3=9F
(<)

o BV Rt

= 30 I o

_02x10 = 0.04

= TR e

Energy stored :% x0.20 x10x0.04] = 0.04]
(b)

stress
Young's modulus = ——

strain

As the length of wire get doubled therefore strain
=1

~ Y = strain = 20 X 108N /m?

(d)
Fl YA Al
Y= m or F= T
OrF = 2.2xm“x2x129"‘5x().5x1{)"3
=11 x 10°N
(b)

In case of shearing stress there is a change in
shape without any change in volume. In case of
hydraulic stress there is a change in volume

202

203

205

206

207

208

209

210

211

without any change in shape. In case of tensile
stress there is no change in volume
(b)

[flength of the wire is doubled then strain = 1
Force 2x10° 105 dyne

~ Y = Stress = v > =
(b)

3 1 9

e

1 9 3 1 9 3

R:?ZE Drfzﬁ_ﬁzo => K= w
(b)

U= 7% ¥ x (strain)? X volume

=%><2x10“ X2X1032X2x1079% 1=
0.8]
(a)

J(n x 109) (4.9 x 10-7)
- J 1% 0.1

Given,w = 140 rad s~ in above equation, we get,
n=4

(c)

Stress = (weight due to mass m, + half of the
weight of rod) /area

= (mag +myg/2)/A =[(m,/2) + m,]g/A

(d)

Elastic energy stored in the wire is

1

U= Estess X strain X volume
= 1F>< ! XAL—lFI
TR2ATL T2

1
=5 %200 % 1 x 16-%'=01]
(b)
Ap = hpg = 200 x 10%* x 10Nm™?
=2 % 10° Nm™2

& 8
K =%= 2>'§.110 - 2x10 Nm=2 = 2 %
¥  i® Gl

10? Nm~2
(d)

Stress = Strain
=2 x 10" x0.15Nm™2 =3 x 101 Nm~2
(a)

1 (Stress)?

5 7 X Volume
As F, A and Y are same = W o Volume [area is
same]
Wl (V=Al)
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Wy 4 11
w, I, 2l 2
212 (d)
FL L
[ o —-= L= [F and Y are constant]
il Ll T2 2 1 2 I!-l
—=—(—=) ==(v2) ~—==1:1
=) =209 g
213 (b)
Twisting coupler per unit twist for solid cylinder,

for hollow cylinder, C; = EZT

-t 01 x(5*"-4% 369
rt at - 81

G =0
= 0.455 Nm
214 (c)
Strain :% :% =1
2 x 10°N
2 X 107%m?

& ¥ = stress = =10"Nm™2

215 (c)

F L L
ASE—EX;SO,IKE
L

L

7z is maximum for option (c).

216 (c)
In volume of sphere in liquid,
1 m

(1)
When mass m is placed on the piston, the

increased pressurep = ~r—g-. since this increased
1

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

4
AVZEH X 3rZ Ar = 4w Ar

AV dnriAr 3Ar
Vv (4/3)mr3 r

v mg T
= — = — ¥ —
Now, K avjv a 3Ar
Ar mg
r  3Ka
217 (b)
. . 1 .
Energy stored in the wire = 5 stress X strain X
volume
Stress
and Young’s modulus = —
Strain

: s
— strain = v

Energy stored in wire

1 i
= a X stress X strain

Volume
e B BT
T2 ¥ o2y

218 (d)
Breaking force o« r
[f diameter becomes double then breaking force
will become four times i.e. 1000 x 4 = 4000 N
220 (a)
Let the original unstretched length be I.
_Stress T/A T |
~ Strain _M_HXE
4 1 6 |

9
Now, ¥ = A= Allz=0) A

4 =D =9 =D
=41, +51=9l; ..(1)
Again, 6(l; =0 =9, -1)
= 2l;+ 1 =3l ..(ii)
Solving Eqgs. (i) and (ii), we obtain
I3 = (2.51; — 1.54)
221 ()

. . F
Tensile strain on each face = =

2

[
(13=0)

Lateral strain due to the other two forces acting

i —20F
on perpendicular faces = —

Total increase in length = (1 — 20)%
222 (d)

As stress is shown on x-axis and strain on y-axis
1. _ . 4
tanf slope

So we can say thatY = cotf =

So elasticity of wire P is minimum and of wire R is

maximum
223 (b)
o I*dg (8x107?)*x1.5x9.8
o2y 2%x5x108
=96 x10""m
224 (c)
1
Y=— orAl «—
AR] A=Y
Again, m = Alp,m o« A
1
o Al o —
m
) Al _my 2
CAL, m, 3
226 (b)
1 AV )V
K ='£:- DT;{-= -'—p—'-

V
Or cr=;—:i or AV = opV
227 (c)
[sothermal elasticity K; = P
228 (d)
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If temperature increases by AT,
Increase in length L, AL = LaAT

AL o

- T =

Let tension developed in the ring is T
F

|

T r
AL
= }’T = YaAT
= SYaAT
F = 2T (From figure)
Where, F is the force that one part of the wheel
applies on the other part
«~ F = 25YaAT
229 (c)
FL
= T ! )
l, F,m\2 i b
E=F_1(E) = (4)}{(5) =1 Iz =f1 =1lmm
230 (a)
Breaking strength = tension in the wire = mrw?
48x 107 x 107 = 10 X 0.3 x w?

A
45
it

Fs D
Gl T
w = 4rads™!

232 (b)

. AV _ _ 1
GwenTX 100=1% = =
Bulk modulus,

P pV
T T Ay
Vv
or p=¥= Ti6 & 100 xﬁ
= 7.5 x 108Nm~2

233 (a)
Elasticity of wire decreases at high temperature
i.e.at higher temperature slope of graph will be

less
Sowe cansay thatT, > T,
234 (a)
_ w1
AV IV K~ vap

ik
Or ﬂV—KVﬂp

=4 x 1072 % 100 x 100 cm?
=4%10" em?® = 0.4 cm?

235 (a)
Steel has the highest elasticity.
236 (d)
_FL _Fdl?
Al Ml
As M =Volume X density=A XL xd ~ A =%
237 (b)

_ A _ A _F 1
T"=an - 7al 1a ™ ]

[f Iis halved, then Al is doubled.
238 (d)
Young's modulus is defined only in elastic region
and
_ Stress 8 x 107
~ Strain 4 x107*
239 (d)
[t is the specific property of a particular metal at a
given temperature which can be changed only by

temperature variations
240 (a)

; 1 ;
Energy density = =X stress X strain

=2 x 10"1N/m?

stress
= or stress = Yo
a
) 1 Ya?
- energy density = 3 Yo xo = -5
241 (d)
Given,i—‘ = a,r—‘ = b,]',—1 =i
Iy L ¥z
|
AT
Brass Steel
2g
T 2%
Let Young's modulus of steel be ¥}, and that of
brass be ¥,
Fuily ;
il = AL (1)

and Y, = AZ 2;1 (i)

Dividing Equation (i) by Equation (ii), we get
Y,  Fpdpdpdl,

Force on steel wire from free body diagram

T = F, = (2g) Newton

Force on brass wire from free body diagram

Fy =T =T+ 2g = 4g Newton

Now, putting the value of F;, F, in Equation (iii),
we get

Y, 2g\ (mrd\ (L] (Al 171 Al,

z%a)-(rg)- =gl 2 )
242 (c)

Volume V = cross sectional A X length lor V = Al
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243

245

246

247

. _ Elongation v
Strain = Original length T
stress

Young's modulus ¥ = ——
strain

1 .
Work done, W = 5 X stress X strain X volume
1 )
W= 5 X Y x (strain)® x Al

1 Yy 2 _1/¥Ay 5
_Ex?’x(?) xAI—z(T)y =Wy

(a)

Y= Fl = YAAL
Taal T

Work done = ;— FAl

_ 1FA(AD®  vA()?

= B

2x10""x10%%x10""®
- 2 x1 =01]
(<)
Ap = 100 atm = 100 x 10° dyne em?
=10% dyne cm™2
av_o01_ o,
7“?{30_
K= T dyne cm~% = 10'? dyne cm™?
(@)

When a wire is stretched through a length, then
work has to be done, this work is stored in the
wire in the form of elastic potential energy
Potential energy of stretched wire is

1
U= 3 X stress X strain

] 1)<F>< U lF
P = = — ]
2 s 2t

(@)

The Poisson’s ratio of the material of the wire is

~1=[s|8

The relation for volume of wire is

5 D
V =nar=l (But,r:—)
2

L (D)2 . D3 _
=T 5 =2 (1)

Differentiating both sides of Eq. (i)

i l
dV =—-2D-dD + D% x —dl

4 4
As volume remains constant hence, we get
0= : DdD + i dl
=3 T

or —niD dD = Eidi
2 4

Therefore, Poisson's ratio, ¢ = 0.5

248

249

250

254

255

256

257

258

259

(c)

Here,w = 2 x 1000 X 980 dyne; [ = 100 cm, b =
2cm,d =1cm,Y =20 x 10" dyne cm™2,

wi® _ (2x1000%980)%(100)*

Now, & = 4¥bd® ~  4x(20x1011)x2x(1)?
=0.1225 cm.
i LAd
g
=g
L= 106 m= = = 34.01m
3x103x9.8 3x98 '
(b)

[ ex Tiz, if radius of the wire is doubled then

2 2 ; 1. 5, 512
increment in length will become Jlimesi.e.—==

3mm
]
[sothermal bulk modulus = Pressure of gas

(b)

For triatomic gasy = g.

(b)

Force constant, K = tan 30° = 1/\}’3‘
(d)

Work done in stretching the wire

= potential energy stored

=2 X stress X strain X volume
il
A

F Al

x% X Al

N I S T

(a)
W =

F2l

2(5)Y

Y.l and F are constants.

=,
=)
=
=

I

%x103x1x10‘3=0.5[

W—1x103x10_3— 1—0{)3125
S 16 32
wy_ 05

W, 0.03125 16

Again,
ceeeeen(11)

Answer is confirmed by comparing Egs. (i) and
(ii) .

(d)

The weight of the rod can be assumed to act at its
mid-point.

Now, the mass of the rod is

M=Vp
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= M= Alp
Here, A = area of cross — sections,
L= length of the rod.
Now, we know that the Young's modulus

il

L2

b

Y

Mg =Vpg
Mgl L
Y= Az-j (Here,L = E.i = extension)
Mgl
AY
= MgL
or [= T
On putting the value of Mfrom Eq.(i), we get
_ALp-gL
2AY
orl= pet?
2y
260 (d)
Work done = % x ¥ X (strain)? x volume
g AL\ rvaal?
2 _EXYX(T) T
¢ Y{44)AL2
New work done, W' = T
o [YAAL? _
=8[*=|8x2=16]
261 (¢)
B Fl AL = F
ZAl nriy
1
Al oc— Al' > orAl' « —
i 2r *
Al
Al'
262 (d)
1
W == FAl
2
Fi
W:%X lezm Al Al
or W= m;*:-a! -y rmjm
ré (2r2)%2
or W x g e

%:8 orW' =8x2]=16]
264 (c)

V= Fl
~ AAL
Y,l and A are constants.
F
5 Eﬂ constant orAl o F
NUW, il - l{ ':CT]_and fzﬁg CCTB
o 2 L=l _ Ty
Dividing, =
Or IQTZ - ITz - EZT‘I or E(TI _T_g) = IzT‘[ - I{; T2
o lalizhly = hfalh
Orl= =Ty L= To=T=1
265 (a)

Energy stored in the wire

1
U= EY X (strain)? x volume

or U=%Y><G)zx.4f

1¥x?
or U =ET x A

266 (d)

Mg L2
y=—8 =2
2 AL

(Length is taken as %because weight acts as CG )

Now, M = ALp

(For the purpose of calculation of mass, the whole

of geometrical length £ is to be considered.)

ALpgl.

B 2AAL 3
or AL =% = 1.5><21>0(5>;1100>;B><8
=96x10"2m=9.6 x 1072 x 10® mm
= 96 mms

267 (d)
From the definition of Bulk modulus,
=P
(@v/v)

Substituting the values we have,
(1.165 —1.01) x 10°
10
)

Pa = 1.55 x 10° Pa
269 (d)

We know thatY = (14 ¢)2n,
270 (c)

B =

YAl 0.
F = = 0.9 x 10" xm x (0.3 x 1073)2 Mo

=51N
271 (b)
Al _ stress _ 1000 X 980)/(1071)* 0.0098
l Y 1010 ‘

% increase in length of wire
== x 100 = 0.0098 x 100 = 0.98%
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272

(d)
—F L::»EocLoc L
A A md?
_ L
"“’(F

The ratio ofd—Lz is maximum for case (d).

274 (b)

275

276

277

2
. . 5 wrelL
Volume of cylindrical wire, V = —

where x is the diameter of wire
Differentiating both sides

dVv n[2 L4 42 dL
P ™
Also, volume remains constant
dav B
dx
2xL + sih, 0
x i o
5 dL
= 2xL=-—x"—
dx
& 1
= @="3
L
Poisson's ratio = ——%.
(d)

Let L be the length of each side of cube. Initial
volume of cube = L?. When each side of cube

decreases by 2%, the new length
2L 98L

100 100

New volume = L'> = (98L/100)3
~ Change in volume

AV = I? — (98L/100)3

2 3
=13 —_ _——
“ (] 100)]

=3 '1—(1— E g )]
- 100
(from binomial expension)

L[ 61 6L°
=13 |—| =—

100] 100

AV 6137100
. Bulk strain = —= ———
ulk strain = — E
(c)
Y=2n(l+0)
(a)
Isothermal elasticity = p, Adiabatic elasticity =
yP

Lf'=L

= 0.06

279 (d)

Option (d) has the largest extension when the

same tension is applied.

280 (b)
4 %98 % sl
K :WDT K =196 x 10 Nm
Work done = -;- X 19.6 X 102 x (5 x 1072)2 | =
2.45]
281 (c)

The work done by wire is stored as potential
energy in the wire

1
U= 5 % Young's modulus X (strain)?
Given, Y =2 x 101°Nm™2

L =2x10"2

Strain= L=
T L s0x1072

2% 1072 ==x2 x 1010 x i )2
i 50x10~2
= | = 0.707 mm (stretched)
282 (d)
B F x4 x1
D2 Al
In the given problem, F o« DZ. Since, Dis
increased by a factor of, 4, therefore, F is

increased by a factor of 16.

283 (a)
Y < F
Fou _You _1
FFC‘ YE& 3
284 (c)
Force = weight suspended + weight of% of wire
3w
Wy + T
W, =
Stress = T::: = %
285 (d)
0.5Y —
Y = 2,}(14_0):,0:7”
286 (a)
Y—MHL— 250x98x2

Al T 50x 106 x 0.5 % 103
=196 x 10N /m?

287 (b)
100N =
Stress = Tt = 108 Nm—=
-3
Strain = =22 _ 1p-3
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Young modulus

a
=22 Nm~2 = 10"! Nm™2

103
Energy stored =% X100 x 2x 1073
=10—-1H =0.1]
288 (d)

Energy stored per unit volume = % % Stress X
Strain

1 1
= X Young's modulus X (Strain)? = 3 x Y x x?

289 (d)
Breaking force does not depend upon length.
Breaking force = breaking stress x area of cross-
section for a given material, breaking stress in

constant.
F, A, mn(6r)?
Rl ( .) =36
F, A mri
Or F, = 36F, = 36Fs
290 (a)

Per unit volume energy stored
2

—lex trai z—lex(I)
=3 (strain) =3 I

given [ =1L x1%
L
or | = — stored energy

T mwx(L)z
2 100L
= ‘10"’]m‘3
291 (b)
Fl A Fl Fl
¥i= AAL o TAY  wrey

In the given problem, Al = iz; when both
T

[ and r are double, Al is halved.
293 (b)
Brealing force o mr
If thickness (radius) of wire is doubled then
breaking force will become four times
294 (b)
1

i:E nlec=
A

2

[F,L and Y are constant]

8 ol (E)zzxq =2x4
A, L, 72 "t\oos !
= 8mm?
295 (b)
Young's modulus Y = %
3 FL
" ma?l
Since for same material Young's modulus is same,
ie,
Y,=Y,

FL _ (2F)(2L)
ma?l  m(2a)zl

orl' =1

296 (b)
1 ; 1 1
U =§>< Y x (Strain)? =E>< 9 x 10 x (—)

100
= 4.5 x 107]
297 (d)

2

! T p— [ —‘1 L and Y are same
— = [ o F
AY re [F, T ]

L ey rg\¢ 1 la
Eﬁ(a) = (E) =Z$ EA :‘”HUTIB =z
298 (a)
Area of hysterisis loop gives the energy loss in the
process of stretching and unstretching of rubber
band and this loss will appear in the form of
heating
299 (a)

Speed of sound in a stretched string v = JE (1)

Where T is the tension in the string and p is mass
per unit length
According to Hooke'slaw, F e¢ x «. T ec x  _..(ii)
From (i) and (ii), v « vx
sv' =v15v=122v

300 (a)
Work done = % FAl

_araai? _Fi
R AAL
2x1011x1n—6{2x1n—3)2 = YAAl

2x1 1
=4x 1071 ]=0.4]
301 (a)

Work done, W= %F Xl = é X stress X strain X
volume
Oor W= %Y X (stress)? x volume

1., fAINZ 1, 40%4
=Y () xar=3r=2
_ 2%10'1x%1075%107"
- 2x1

=0.1]
302 (a)
If coefficient of volume expansion is @ and rise in

temperature is A8 then AV = VaAg = % = ahf

. e B B s B
Volume elasticity § = B amE Af = o7
303 (b)
Stress o< Strain = Stress o %
304 (d)

Work done in stretching the wire
= potential energy stored
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305

307

308

309

310

1
= 3 ¥ stress X strain X volume

—lexExAL—lFt
AR 2
(b)

; Linear stress
Young's modulus of material ¥ =

If longitudinal strain is equal unity, then
¥ = Linear stress produced

(d)
T=1(08
_ mnr*e
T2L
T 4 I
mr(©=00) _ ™(3) (060
21 T 2(1/2)

(B=8g) _ B9

2 16

0

= constant

= 80 =
8'=0
Tr—!

/2
r 3
I

|
(a)

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

=1 I =

—

dW = td®
SO SN S
And 0 =10 o Sy rad
__ (8 _ rBnmriede _ nmrie
W= Jjtdo= [j 2 4l

59 x 10" x 1075 x w(2 x 1075)*n?
107* x4 x5 x 1072 x (1080)2

W =1253 x107'?]
()
Graph between applied force and extension will
be straight line because in elastic range
Applied force o extension
But the graph between extension and stored
elastic energy will be parabolic in nature
AsU =1/2kx?orlU o« x?

(d)
Net elongation of the rod is
3 3F 2F 2F
- = e

(2L/3) (L/3)

2L L
_¥E) ()
AY AY

Longitudinal strain

311

312

313

314

315

= 8FL
34y
(d)
-2
Shearing strain = 20210 — 0.002
(b)

Initial length (circumference) of the ring = 2nr
Final length (circumference) of the ring = 2nR
Change in length = 2R — 2nr

change inlength 2n(R—r) R-r

train = =

strain original length 2mr T
' _Ffa _ _Fla

Now Young's modulus £ = L = el
R—r

~F= AE( )

+
(b)
o YAl
L

[ncrease in length of one segment of wire
1d? 1d?
I=|L+-—]|—-L=c—

2L 2L
Yrre.d*
SO, T = T
(b)

Let £ be length of body, A the area of cross-section

and [ the increase in length.
l

I .
Stress = I; strain = —

L
Force necessary to deform the body is
F= YAI
K

[f body is deformed by a distance, then
YA
Work done = F X dl = —1dl
1yA

L
_rapy) 1 B
o L Lf2] T2 7L

-39

1
=35 (stress X strain) x volume

Hence, work done for unit volume is

1
W = —stress X srain.
(c)
_ FL
T or2y

2

1
r oc? (F,Land! are constants)

L) _ Yl 1/2 _ 7 x 1010 e
rn Ll |12x1010

712
rp=15x% (ﬁ) = 1.145 mm
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.~ Diameter = 2.29 mm.
316 (a)
_FL 48x10° x 4
TAY  12x107*x 1.2 x 10"
318 (a)

Decrease in volume, AV =

= 1.33 mm

ApxV
K

Final volume V' = V — AV =V - 22 = (1 -

Ap/K)
Or E,=E (1 —i{—p)

10.5 x10%
(1-107/17x1017)
=10500.61 kg m™3
So p’' —p =10500.61— 10500 = 0.61 kgm™3
319 (a)

Or p=

Strain = T ="%= at =12 x 107 x 30 = 36 X
10°°
320 (c)
__ stress — stress AL  stress
"~ strain or strain = Y GFT Ty

Since, cross-sections are equal and same tension
exists in both the wires, therefore, the stresses
developed are equal.
Also, AL is given to be the same for both the wires.
L xY
Ly 2 x101 20

" lew  Llx10U 11
321 (c)
V= nril
AV A(mrl) AV r2Al+ 2rlAr
V. VT r2l
AV Al 24r
v o1
But o= — 2T = _ %= 0.5
i r
322 (a)

1 .
Energy / volume = 5 X stress X strain
1 : p 1 .
=EY X strain X strain = EY X strain®

=%x 2% 10 % 0.06 X 1072 x 0.06 x 10~2

=3600] m™3
323 (a)
Fl (mlw?)1 mi?w?
Y=—=———o0rf=
AAl A Al AAl
Ory = 22222830 _ 4 x 10! Nm~2
10-6x1Q~
324 (d)
k
Y=—=—""—=233x10""N/m?
T, 3x10710 /

325 (d)
F =YAalf
If ¥, A and Af are constant then i—: = z—: = %
326 (a)
_FL
AL = v

Because, wires of the same material are stretched
by the same load. So, Fand Fwill be constant.

AL cciz
mr
100 100
ﬂLl = = -
Tx(1x1073)2 mwx10-°

100
=_—_x10"%

m

200 200
wAky = =T 3
Tx(3x1077)° wx9x10

22.2
=—x 108

4
—— 300 B 100
TS T x(3x1073)2 T mx9x10-°

33.3
=""x 106

Fis
— 400 B 400
T T x (4% 1073)2 T wx 16 x 1076

25
=—x10°

w

We can see that, /=100 cm and r= 1mm will
elongate most.

328 (b)
FL FL Fl

Yzﬁ orl =m_2Y orl X
, FxL (49
L. 12 FIFR%4L
Orly=0L=I
So, { remain unchanged.

329 (d)

For Hook's law, stress o strain ie, the graph
between stress and strain is a straight line, which
is so for portion O te D.

330 (d)
When the length of wire is doubled then ! = L and
strain=1 .~ ¥ = strain 25
~Force=¥YxA=2x10"x0.1x10"*

=2 x 10°N
331 (d)
AP h 200 x 103 x 10
K= = Pg — =2 % 1[}9
AVIV _ AV)V 0.1/100
332 (b)

Young's modulus, ¥ = ?
We know that ¥ = 2n(1 + a)
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3
.-.7“=2q(1+a)
b g

n
333 (b)
T=m(g+ay)= 10(10+2) = 120N

m (g+gy)
St L
. Stress = i
=—22_ — 60 x 10* Nm~2
2 %10
_ stress
~ 4strain
. stress
» strain =
_ 60 x10% —7_ g
e 30 x107"'=3 x 10
334 (d)

i—FL— F1? _FL2
TAY T (ALY T vy
~ | o L2 if volume of the wire remains constant

2 2
o -0
~ly=16x1; =16 x2 =32mm = 3.2cm
335 (b)
FL I Y
l= T = E = Y_g [F,L and Y are constant]
I, 12x10'" 3

"l 2x101 T 5
336 (¢)
From Hooke's law, restoring force Fis F =
kl where k is spring constant. When /L is original
length of spring, and k the spring constant, then

337

338

339

o)

Also L+ G) =a

= L=b—-5(b—a)=5a—4b

When tensionis 9 N.

Length of spring= L + %

Length of spring = (5a — 4b) + 9(b — a)
Length of spring = 5b — 4a

(b)

- x A L stress 1
Longitudinal strain ke

—10° _ 155
Percentage increase in length = 107° x 100 =
0.001%

(b)
Breaking force « Area of cross section of wire i. e.
load hold by the wire does not depend upon the
length of the wire
(b)
Change in pressure due to placing of mass on
piston is,
Mg
Ap = —
P="a
From Bulk modulus definition
av

K=
v
v K AK
- 4 3
From V=§m"
dV_ 3dR

vV R
drR 1dV
= —=—=—
R 3V
_ Mg
T 3AK
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MECHANICAL PROPERTIES OF SOLIDS

1
Statement 1:
Statement 2:
2
Statement 1:
Statement 2:
3
Statement 1:
Statement 2:
4
Statement 1:
Statement 2:
5

Statement 1:

Statement 2:

Assertion - Reasoning Type

This section contain(s) 0 questions numbered 1 to 0. Each question contains STATEMENT 1(Assertion) and
STATEMENT 2(Reason). Each question has the 4 choices (a), (b), (¢) and (d) out of which ONLY ONE is correct.

a) Statement 1 is True, Statement 2 is True; Statement 2 is correct explanation for Statement 1
b) Statement 1 is True, Statement 2 is True; Statement 2 is not correct explanation for Statement 1
c) Statement 1 is True, Statement 2 is False

d) Statement 1 is False, Statement 2 is True

Ductile metals are used to prepare thin wires.

In the stress-strain curve of ductile metals, the length between the points representing
elastic limit and breaking point is very small.

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

For a perfectly plastic body, restoring force is zero.

The stretching of a coil is determined by its shear modulus

Shear modulus change only shape of a body keeping its dimensions unchanged

The unit of stress is same as that of pressure.

Stress has the same meaning as that pressure.

The restoring force Fand a stretched string for extension x is related to potential energy

dU
Uas, F = —==
F=—kxand U = %kxz, where k is a spring constant for the given stretched string.
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Statement 1:

Statement 1:

Statement 2:

|

|

|

|

|

|

|

: Statement 2:
|

| 7

|

: Statement 1:
|

: Statement 2:
1

I 8

|

: Statement 1:
: Statement 2:
I

| 9

|

: Statement 1:
: Statement 2:
|

I 10

|

: Statement 1:
|

: Statement 2:
: 11

|

: Statement 1:
1

I Statement 2:
|

|

I 12

|

: Statement 1:
|

I Statement 2:
|

|

I 13

|

| Statement 1:
|

|

| Statement 2:
|

|

" 14

1

| Statement 1:
|

|

| Statement 2:
|

|

I 15

|

|

|

|

|

|

|

|

|

|

Spring balances show correct readings even after they had been used for a long time
interval
On using for long time, spring balances losses its elastic strength

Steel is more elastic than rubber

Under given deforming force, steel is deformed less than rubber

A hollow shaft is found to be stronger than a solid shaft made of same material

The torque required to produce a given twist in hollow cylinder is greater than that
required to twist a solid cylinder of same size and material

Glassy solids have sharp melting point

The bonds between the atoms of glassy solids get broken at the same temperature

Stress is the internal force per unit area of a body

Rubber is less elastic than steel

A solid shaft is found to be stronger, than a hollow shaft of same material.

The torque required to produce a given twist in solid cylinder is smaller than that
required to twist a hollow cylinder of the same size and material.

Bulk modulus of elasticity (K) represents incompressibility of the material

Bulk modulus of elasticity is proportional to change in pressure

Two identical springs of steel and copper are equally stretched. More work will be done

on steel than copper.
Steel is more elastic than copper.

Two identical solid balls, one of ivory and the other of wet-clay are dropped from the
same height on the floor. Both the balls will rise to same height after bouncing
Ivory and wet-clay have same elasticity

The bridges are declared unsafe after a long use.

The bridges lose their elastic strength with time.
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16

Statement 1:  Force constant k = ? where Y is Young's modulus, 4is area and [ is original length of the
given spring.
Statement 2: Force constant in the case of a given spring is called spring constant.
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MECHANICAL PROPERTIES OF SOLIDS

: HINTS AND SOLUTIONS :

2

(a)

] . stress
Young's modulus of a material, ¥ = ——

strain

Restoring force
Here Stress ————n 8 0F
Area

As restoring force is zero
~ Y =0

(a)
Because, the stretching of coil simply changes its
shape without any change in the length of the
wire used in coil. Due to which shear modulus of
elasticity is involved

(a)

Stress = % = pressure. Hence, both Assertion
and Reason are true and Reason is the correct
explanation of Assertion,

()

Here, both Assertion and Reason are true and
Reason is the true explanation of Assertion.

(4

When a spring balance has been used for a long
time, the spring in the balance gets fatigued and
there is loss of strength of the spring. In such a
case, the extension in the spring is more for a
given load and hence the balance gives wrong
readings

(a)

Elasticity is a measure of tendency of the body to
regain its original configuration. As steel is
deformed less than rubber therefore steel is more
elastic than rubber

(d)

In a glassy solid (i. e. amorphous solid) the
various bonds between the atoms or ions or
molecules of a solid are not equally strong.
Different bonds are broken at different
temperatures. Hence there is no sharp melting
point for a glassy solid

10

11

12

13

14

15

(b)

Stress is defined as internal force (restoring
force) per unit area of a body. Also, rubber is less
elastic than steel, because restoring force is less
for rubber than steel

(d)
A hollow shaft is found to be stronger than solid
shaft of the given size and material. Hence,
Assertion-1 is false. Torque required to produce a
given twist in hollow cylinder is greater than that
required to twist a solid cylinder. Hence, Reason
is true.

()

Bulk modulus of elasticity measures how good the
body is to regain its original volume on being
compressed. Therefore, it represents
incompressibility of the material

—PV i X :
K= iy where P is increase in pressure, AV is

change in volume

(a)

Work done in stretching a spring of spring
constant kis W = %Rx‘? orW o

Ik where x is constant.

Since, kfor steel is more than for copper, hence
more work will be done on steel than copper.

(d)

[vory is more elastic than wet-day. Hence the ball
of ivory will rise to a greater height. In fact the
ball of wet-day will not rise at all, it will be
somewhat flattened permanently

(a)

A bridge during its use undergoes alternating
strains for a large number of times each day,
depending upon the movement of vehicles on it
when a bridge is used for long time, if losses its
elastic strength. Due to which the amount strain
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in the bridge for a given stress will become large Here, both Assertion and Reason are true but

and ultimately, the bridge may collapse. This may Reason is not the correct explanation of Assertion.
not happen'’s if the bridges are declared unsafe Bsk=LEL sngpafl gplf oMy
AAL AN AL 1

after long use.
16 (b)
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