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. A thick wire is suspended from a rigid support, but no load is at e
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CLASS XI :  ASSIGNMENT : CH-8 : MECHANICAL PROPERTIES OF SOLIDS : PHYSICS
STRESS, STRAIN AND MODULUS OF ELASTICITY

What is the nature of intermolecular forces?

Distinguish between elasticity and plasticity of materials.

What is a perfectly elastic body? Give an example.

What is a perfectly plastic body? Give an example.

No material is perfectly elastic. Why?

Stress and pressure are both forces per unit area. How do you differentiate between them?

When does a body acquire a permanent set?
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. Which is more elastic: water or air?
. On what factors does the elastic limit of a material depend?
. What does the slope of the stress versus strain graph indicate?
. The ratio stress/strain remains constant for small deformation. What fec the ratio

when the deformation is very large?

- e
a'end. Is this wire
under stress?

When we stretch a wire we have to perform work. Why? at happe@ns to the energy given to the
wire in this process?
What will happen to the potential energy of the atoms o
stretching a wire?
Why does a wire get heated when it is bent ba
Explain how the maximum height of a mou
of the Earth.
Why are electric poles given hollow stfuct
A hollow shaft is found to be stronger th
justify.

Which state of matter (soli
Which type of strain is ther
A cable (elastic wire) is,c
wire can support?

w (i) compressed and (ii) on

has volume elasticity?
| spring is stretched by a force?

What are the facto the elasticity of a material?

Why a springda does give correct measurement when it has been used for a long time?
Why the bri ared unsafe after long use?

Graphi lanés of carbon atoms. Between atoms in the planes, there are only weak
forc of elastic properties do you expect from graphite?

Two ide balls, one of ivory and the other of wet clay, are dropped from the same height

on the floo hich will rise to a greater height after striking the floor and why?
In the figure: a graph between the intermolecular force F acting between the molecules of a solid
and the distance r between them is shown. Explain the graph.
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28. The stress-strain graph for a metal wire is shown in the figure. Upto the point, E the wire returns to
its original state O along the curve EPO when it is gradually unloaded. Point B corresponds to the
fracture of the wire.

(i)

(ii)
(iii)

— Stress

29. Two different types of rubber are found to have stress-

(i)
(i)

(iii)

Upto which point on the curve, Hooke’s law is fully obeyed? This point is sometimes called
the “proportionality limit”

Which point on the curve corresponds to the elastic limit and yield point of the wire?
Indicate the elastic and plastic elastic and plastic regions of the stress-strain graph.

/
o’ — Strain

Describe what happens when the wire is loaded up to a stress
the graph, and then unloaded gradually. In particular, explai
What is peculiar about the portion of the stress-strain
can the wire be subjected without causing fracture
curves as
In which significant ways do these curves differ fr streSs-strain curve of a metal wire
shown in the figure?

A heavy machine is to be installed in a
block of rubber is placed between t
& B would you prefer to use for thi
Which of the two rubber mat

u ehoose for a car tyre?

Stress

30. A bar of cross i jected to equal and opposite tensile forces at its ends. consider a plane
section of th al makes an angle 6 with the axis of the bar.

(i)

(ii)
(iif)
(iv)

A0
- ." L,““”“““ » "

YOUNG’S MODULUS OF ELASTICITY

31. Which one is more elastic: rubber or steel?

32. What is the Young’s modulus for a perfectly rigid body?

33. How does Young’s modulus change with the temperature rise?

34. Write copper, steel, glass, and rubber in the order of increasing coefficient of elasticity.
35. Why are springs made of steel and not of copper?
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. A wire stretches by a certain amount under a load. If the load and radius are increased four times,

find the stretch caused in the wire.
A wire of length | and radius r has a weight W and Young’s modulus of elasticity Y. It is suspended
vertically from a fixed point. Calculate the increase in the length of wire produced due to its
weight.

If F is the breaking force of a wire, what will be the breaking force for (i) two parallel wires of the
same size (ii) for a single wire of double the thickness?

A wire of length L and cross-sectional area A is made of material of Young’s modulus Y. What is the
work done in stretching the wire by an amount x? (Ans: YAx?/2L)

There are two identical springs of copper and steel. They are stretched by equagforces. For which
spring more work will have to be done?

produced in it is . If this wire goes over a pulley and two weights W ea
what will be the total elongation in the wire?

One end of a uniform rod of mass M and cross-sectional area A j
and an equal mass M is suspended from the other end. Wha
rod? (Ans: 3Mg/2A)

Two wires made of the same material are subjected to
the ratio 2:1 and the diameters are in the ratio 1:3.

1:4. Their lengths are in
f their extensions? (Ans: 9:2)

A cable is replaced by another cable of the same terial but of double the diameter.

(i) Under a given load which cable will shai

(ii) How many times can the second ca the maximum load without exceeding the
elastic limit? (Ans: elongation of isigreater, W, = 4W1)

A copper wire of negligible mass, len tion A is kept on a smooth horizontal table

with one end fixed. The wire and with an angular velocity, w if elongation in
the wire is Al, obtain the expression for You odulus.(Ans: mPw?/AAl)

icity of the wire is 12 x 10! dyne/cm?. (Ans: 0.0052%)
m and a length of | m. A 100 KN force stretches it along

kilogram weight. Young’s m
A structural steel rod has

its length. Calcula
(i) the stress
(ii) elongati
(iii) Pegcent
Given

ulus of ela
ius of

on the road

odulus of elasticity of the structural steel is 2 x 10'* N/m? (Ans: 3.18 x

108 . 159%)

A hollo ndrical column of steel supports a load of 20,000 kg. The inner and outer radii of the
column ar cm and 60 cm respectively. Assuming the load distribution to be uniform, calculate
the compressional strain of the column given Young’s modulus of steel =2 x 10* N/m?and g =
10m/s?. (Ans: 2.895 x 10°°)

The Young’s modulus for steel is 2 x 101 N/m?. If the interatomic spacing for the metal is 2.8 A°.
find the increase in the interatomic spacing for a force of 10° N/m? and force constant. (Ans:
0.0014 A°, 56 N/m)

Two wires A & B of length | radius r and length 2I, radius 2 have the same Young’s modulus, Y is
hung with a weight mg. What is the net elongation in the two wires? (Ans: 3mgl/2Ynr?)
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A rod of length 1.05 m having negligible mass is supported at its ends by two wires of steel (wire A)
and aluminium (wire B) of equal lengths as shown in the figure. The cross-s ea of wires A
and B are 1Imm? and 2mm? respectively. At what point along the rod s S

suspended in order to produce

(i) Equal stresses and

(ii) Equal strains in both steel and aluminium wires. Given

Ysteel =2Xx 1011 N/m2
Yaluminium =7.0x 1010 N/m2

QO

B
1.05m
(V)] 1 J

(Ans: c
A wire of radius r stretched withaut tensiog,a a straight line is tightly fixed at A and B. What is

the tension in the wire when it is\pulled in t hape ACB? Assume Young’s modulus of the
d’/2P)

BULK MODULUS OF ELASTICITY

What is théyalue of bulk modulus for an incompressible liquid?

One litre of an ideal gas is compressed isothermally at 0.72 m of Hg column so that its volume
becomes 0.9 litre. Find its stress, if the density of mercury is 13.6 x 103 kg/m3 (Ans: 1.07 X 10*°N/m?)
The density of a metal at normal pressure is p. its density when it is subjected to an excess pressure
pis p’. If B is the bulk modulus of the metal, then find the ratio p’/p. (Ans: (1 + p/B)

A sphere contracts in volume by 0.02% when taken to the bottom of the sea 2 Km deep. Find the
value of the bulk modulus of the material of the sphere. The density of seawater = 1g/cc, g = 10
m/s2. (Ans: 10*N/m?)

A cube is subjected to a pressure of 5 x 10° N/m?. Each side of the cube is shortened by 1%. Find the
volumetric strain and bulk modulus of elasticity of the cube. (Ans: 1.67 x 107 N/m?)
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The average depth of the Indian Ocean is about 3000 m. Calculate the fractional compression, AV/V
of water at the bottom of the ocean. given that the bulk modulus of water is 2.2 x 10° N/m?, g = 10
m/s?. (Ans: 1.36 x 107).

MODULUS OF RIGIDITY
What is the value of the modulus of rigidity for a liquid?
A 5 cm cube has its upper face displaced by 0.2 cm by a tangential force of 8 N. Calculate the
shearing strain, shearing stress, and modulus of rigidity of the material of the cube. (Ans: 0.04, 3200
N/m?, 8 x 10°N/m?)
Two metal plates are held together by two rivets width radii of 0.2 cm. If the maximum shear strain
a single rivet can withstand is 5 x 108 N/m?, how much force must be applied pagallel to the plates to
shear off both rivets? (Ans: 1.26 x 10°N)

much is the upper e_clge displaced, if the shear modulus of lead is 5.6 x

surface relative to the lower surface. The s
(Ans: 10°rad, 25 x 108m)

10 m/s?. (Ans: 3.2 x 107°J)
When the load of a wirejs i
to 1.02 mm. How m ing this extension of wire? (Ans: 16.023 x 1073 J)

A 45 Kg boy whose leg bone 2 in the area and 50 cm long falls through a height of 2m
without breaking his | dfthe bones can stand a stress of 0.9 X 108 N/m?. Calculate the
Young’s Modelu he material of the bone. Use g = 10m/s? (Ans: 2.25 x 10° N/m?)
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