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Chapter 9: Mechanical Properties of Solids
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MECHANICAL PROPERTIES OF SOLIDS

Mechanical Properties of Solids

Top Formulae

Normal stress S = F/a, where a = nr?
Longitudinal strain Al
(
Young’s modulus v =tensile stress F/A EL_O
tensile strain  AL/L, AAL
Breaking force = breaking stress x area of cross-section
Volumetric strain AV
Vv
Bulk modulus B Buk stress ~ Ap _  ApV,
Bulk strain AV, AV
Shearing strain AL _ o
e
Shear modulus _ Shearstress F/A _Fh
" Shear strain  x/h AXx
Modulus of rigidity G = F
ao
Elastic potential energy of a stretched |=(1/2) x stress x strain x volume
wire
Top Concepts

e Stress is the restoring force per unit area, and strain is the fractional change in
dimension.

o Types of stresses: Tensile stress/longitudinal stress, shearing stress and hydraulic
stress.

e Hooke’s law: The extension is proportional to the force or tension in a wire if the
proportional limit is not exceeded. The constant of proportionality is called modulus
of elasticity.
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Three elastic moduli: Young’s modulus, shear modulus and bulk modulus- are
used to describe the elastic behaviour of objects as they respond to deforming
forces which act on them.

Strain is fractional deformation.

Stress is proportional to strain. The proportionality constant is called the elastic
modulus.

Stress
Strain

= Elastic modulus

Elastomers, a new class of solid, do not obey Hooke’s law.
Tensile stress = force per unit area = F/A

Tensile strain is extension per unit length = e/l

Shearing stress is possible only in solids.

In elastic behaviour, a metal returns to its original length after the load is removed.
In this case, the energy is then recovered.

In plastic behaviour, a metal is permanently strained after the load is removed. In
this case, the energy is transferred to heat after elastic limit is exceeded.

Diagrams

Stress—strain curve for a metal:

Elastic limit
Proportional or
limit yield point

Fracture point

Plastic behaviour
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MECHANICAL PROPERTIES OF SOLIDS

Important Questions

Multiple Choice questions-

1. The ratio of the change in dimension at right angles to the applied force to the initial dimension
is known as

(a) Youngs modulus

(b) Poissions ratio

(c) Lateral strain

(d) Shearing strain

2. Hookes law essentially defines
(a) Stress

(b) Strain

(c) Yield point

(d) Elastic limit

3. Theoretical value of Poissions ratio lies between
(a)-1to 0.5

(b)-1to -2

(c)0.5t0 1

(d) None

4. A wire suspended vertically from one of its ends is stretched by attaching a weight of 100N to
its lower end. What is the elastic potential energy stored in the wire, if the weight stretches the
wire by 1.5 mm?

(a) 5x 1072
(b) 103

(c) 2.5x 103
(d) 7.5 x 102

5. Aniron bar of length | m and cross section A m? is pulled by a force of F Newton from both ends
so as to produce and elongation in meters. Which of the following statement statements is
correct?

(a) Elongation is inversely proportional to length |

(b) Elongation is directly proportional to cross section A
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(c) Elongation is inversely proportional to A
(d) Elongation is directly proportional to Youngs modulus
6. temperature?

(a) Copper

(b) Invar steel

(c) Brass

(d) Silver

7. Longitudinal strain is possible in the case of
(a) Gases

(b) Liquid

(c) Only solids

(d) Only gases & liquids

8. Two wires A and B are of the same length. The diameters are in the ratio 1 : 2 and the Youngs
modulus are in ratio 2 : 1. if they are pulled by the same force, then their elongations will be in
ratio

(a)4:1
(b)1:4
(c)1:2
(d)2:1

9. A body of mass 500 g is fastened to one end of a steel wire of length 2 m and area of cross-
section 2 mm?. if the breaking stress of he wire is 1.25 x 107 N/m?2, then the maximum angular
velocity with which the body can be rotated in a horizontal circle is

(a) 2 rad/s

(b) 3 rad/s

(c) 4 rad/s

(d) 5rad/s

10. If a material is heated and annealed, then its elasticity is
(a) Increased

(b) Decreased

(c) Not change

(d) Becomes zero

Very Short:
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1.
2
3.
4

Give an example of pure shear.

. What is an elastomer?

What is breaking stress?

. What s the:

(a) value of modulus of rigidity of a liquid?

(b) order of strain within the elastic limit?

. A wire is stretched to double its length. What is the value of longitudinal strain?
. Mention a situation where the restoring force is not equal and opposite to the applied force.

5
6
7.
8
9

What is a Cantilever?

. A wire is suspended from a roof but no weight is attached to the wire. Is the wire under stress?

. Why strain has no units?

10.What is Poisson’s ratio?

Short Questions:

1.
2.

What are the factors due to which three states of matter differ from one’s Other?

When we stretch a wire, we have to perform work Why? What happens to the energy given to
the wire in this process?

3. Why are the bridges declared unsafe after long use?

6.
7.
8.

Why are the springs made of steel and not of copper?

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

Rubber (A)

—> Siress

—3 Stress

Rubber (B)

>
Strain —» Strain -3

Metal wires after being heavily loaded dop’\ regain their lengths completely explain why?
Explain. Why spring balances show wrong readings after they have been, Used for a long time?

Elasticity is said to be the internal property of matter. Explain.

Long Questions:
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1. (a) Derive the expression for the orbital velocity of an artificial Earth’s satellite. Also, derive its
value for an orbit near Earth’s surface.

(b) Derive the expression for escape velocity of a body from the surface of Earth and show that
it V2 times the orbital velocity close to the surface of the Earth. Derive its value for Earth.

2. (a) Explain Newton’s law of gravitation.

(b) Define gravitational field intensity. Derive its expression at a point at a distance x from the
center of Earth. How is it related to acceleration due to gravity?

3. Discuss the variation of acceleration due to gravity with:
(a) Altitude or height
(b) Depth

(c) Latitude i.e. due to rotation of Earth.

Assertion Reason Questions:
1. Directions:

(a) If both assertion and reason are true and the reason is the correct explanation of the
assertion.

(b) If both assertion and reason are true but reason is not the correct explanation of the
assertion.

(c) If assertion is true but reason is false.

(d) If the assertion and reason both are false.

Assertion: Steel is more elastic than rubber.
Reason: Under given deforming force, steel is deformed less than rubber.

2. Directions:

(a) If both assertion and reason are true and the reason is the correct explanation of the
assertion.

(b) If both assertion and reason are true but reason is not the correct explanation of the
assertion.

(c) If assertion is true but reason is false.

(d) If the assertion and reason both are false.

Assertion: Glassy solids have sharp melting point.
Reason: The bonds between the atoms of glassy solids get broken at the same temperature.

v Answer Key:
Multiple Choice Answers-

1. Answer: (c) Lateral strain

2. Answer: (d) Elastic limit
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O ® N o v kW

Answer: (a) -1to 0.5

Answer: (d) 7.5 x 102

Answer: (c) Elongation is inversely proportional to A
Answer: (b) Invar steel

Answer: (c) Only solids

Answer: (d)2:1

Answer: (d) 5 rad/s

10.Answer: (b) Decreased

Very Short Answers:

1.
2.
3.

5
6
7.
8
9

Answer: The twisting of a cylinder produces pure shear.
Answer: It is a substance that can be elastically stretched to large values t of strain.

Answer: It is defined as the ratio of maximum load to which the wire is < subjected to the
original cross-sectional area.

Answer:
(a) zero.
(b) 10 cm per cm = 103 cm/cm.
. Answer: Unity.
. Answer: This happens when the body is deformed beyond the elastic limit.
Answer: It is a beam loaded at one end and free at the other end.
. Answer: Yes, the weight of the wire itself acts as the deforming force.
. Answer: As it is the ratio of two similar quantities.

10.Answer: It is the ratio of lateral strain to linear strain.

Short Questions Answers:

1.

Answer:
Three states of-matter differ from each other due to the following two factors:
(a) The different magnitudes of tester atomic and intermolecular forces.

(b) The degree of random thermal motion of the atoms and molecules of a substance depends
upon the temperature.

. Answer: In a normal situation, the atoms of a solid are at the locations of minimum potential

energy. When we stretch a wire, the work has to be done against interatomic forces. This work
is stored in the wire in the form of elastic potential energy.
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3. Answer: A bridge during its use undergoes alternative strains a large number of times each
day, depending upon the movement of vehicles on it. When a bridge is used for a long time it
loses its elastic strength, due to which the number of strains in the bridge for given stress will
become large and ultimately the bridge may collapse. Thus, !» to avoid this, the bridges are
declared unsafe after long use.

4. Answer: Spring will be a better one if a large restoring force is set up in it on being deformed,
which in turn depends upon the elasticity of the material of the spring. Since Young’s modulus
of elasticity of steel is more than that of copper, hence steel is preferred in making the springs.

5. Answer: The area of this hysteresis loop measures the amount of heat energy dissipated by the
material. Since the area of the loop B is more than that of A, therefore B can absorb more
vibrations than that of Av Hence B is preferred.

6. Answer: A material regains its original Configuration (length, shape dr volume) only when the
deforming force is within the elastic limit. Beyond the elastic limit, the bodies lose the property
of elasticity and hence don’t completely regain the length of being heavily loaded.

7. Answer: When spring balances are used for a long time, they get fatigued. So the springs of
such balances will take time to recover their original configuration. Hence the readings shown
by such spring balances will be wrong.

8. Answer: When a deforming force acts on a body, the atoms of the substances get displaced
from their original positions. Due to this the configuration of the matter (substance) changes.
The moment, the deforming force is removed, the atoms return to their original positions and
hence the substance or matter regains its original configuration. Hence elasticity is said to be
the internal property of matter.

Long Questions Answers:
1. Answer:
(a) The following factors affect the elasticity of a material:

e Effect of hammering and rolling: It causes a decrease in the plasticity of the material
due to break-up of crystal grains into smaller units and hence — the elasticity of the
material increases.

e Effect of Annealing: Annealing results in the increases in the plasticity of the material
due to, the formation of large crystal grains. Hence the elasticity of the material
decreases.

e Effect of the presence of impurities: The effect of the presence of impuritiesin a
material can be both ways i.e. it can increase as well as decrease the elasticity r of
the material. The type of effect depends upon the

e nature of the impurity present in the material.
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e Effect of temperature: The increase in the temperature of the material in most cases
causes a decrease in the elasticity of the material. The elasticity of invar does not
change with the change of temperature.

(b) Poisson’s Ratio (o): Within elastic limits, it is defined; as the ratio of lateral strain (B) to the
linear strain i.e.

B
o==
Q

(c) Breaking Load: It is defined as the product of the breaking stress and area of cross-section
of the given object. It is also called maximum load a body (cable/ wire) can support

i.e., breaking load = Breaking stress x area of cross-section. It should be noted that breaking
stress is a constant for the given material.

2. Answer:
Let L, A be the length and area of the cross-section of the wire.

Also, let | be the extension produced on applying a force F, then

using the relation, Y = :::: , we get
EfA . FL
Y = L AL . (1)
where Y = Young’s modulus.
Now when F=Tiand | =Ly - L.
Then Y = a-—-T—‘~IL- e (2)
A(L,-L)
and whenF=T,,and/=L,-L,
T,L
Then Y = -A-(L--z-:ﬁ s (3)
. From (2) and (3), we get
g i 4 _ __TL
A(L, -L) A(L,-L)
or T,(L,-L) = T,(L,-L)
or (T,-T)L = T,L,-T,L,
Tle _TILI

Assertion Reason Answer:
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1.

1. (a) If both assertion and reason are true and the reason is the correct explanation of the
assertion.

Explanation:

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.

2. (d) If the assertion and reason both are false.
Explanation:

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.

Case Study Questions-

The pressure of the atmosphere at any point is equal to the weight of a column of air of unit
cross-sectional area extending from that point to the top of the atmosphere. At sea level, it is
1.013 x 10° Pa (1 atm). Italian scientist Evangelista Torricelli (1608—1647) devised for the first time
a method for measuring atmospheric pressure.

P = pa +pgh

Where r is the density of mercury and h is the of the mercury column in the tube In the
experiment it is found that the mercury column in the barometer has a height of about 76 cm at
sea level equivalent to one atmosphere (1 atm). This can also be obtained using the value of r. A
common way of stating pressure is in terms of cm or mm of mercury (Hg). A pressure equivalent
of 1 mmi is called a torr (after Torricelli). 1 torr = 133 Pa. The mm of Hg and torr are used in
medicine and physiology. In meteorology, a common unit is the bar and millibar.1 bar = 10° Pa. An
open tube manometer is a useful instrument for measuring pressure differences.

Who gave for the first time a method for measuring atmospheric pressure?
a. Newton

b. Pascal

c. Torricelli

d. None of the above

1 torris equal to

a. 1000 pa

b. 133 pa

c. 50 pa

d. None of these

What is 1 torr? Where it is used?
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iv.

V.

2.

Which device is used for measurement of pressure difference?
What is atmospheric pressure?

Whenever external pressure is applied on any part of a fluid contained in a vessel, it is transmitted
undiminished and equally in all directions. This is another form of the Pascal’s law and it has many
applications in daily life. A number of devices, such as hydraulic lift and hydraulic brakes, are
based on the Pascal’s law. In these devices, fluids are used for transmitting pressure. Fluid flow is
a complex phenomenon. Bernoulli’s principle helps in explaining blood flow in artery. The artery
may get constricted due to the accumulation of plague on its inner walls. In order to drive the
blood through this constriction a greater demand is placed on the activity of the heart. The speed
of the flow of the blood in this region is raised which lowers the pressure inside and the artery
may collapse due to the external pressure. The heart exerts further pressure to open this artery
and forces the blood through. As the blood rushes through the opening, the internal pressure
once again drops due to same reasons leading to a repeat collapse. This may result in heart
attack. Dynamic lift is the force that acts on a body, such as airplane wing, a hydrofoil or a
spinning ball, by virtue of its motion through a fluid. In many games such as cricket, tennis,
baseball, or golf, we notice that a spinning ball deviates from its parabolic trajectory as it moves
through air. This deviation can be partly explained on the basis of Bernoulli’s principle. A ball
which is spinning drags air along with it. If the surface is rough more air will be dragged. shows the
streamlines of air for a ball which is moving and spinning at the same time. The ball is moving
forward and relative to it the air is moving backwards. Therefore, the velocity of air above the ball
relative to the ball is larger and below it is smaller .The stream lines, thus, get crowded above and
rarified below. This difference in the velocities of air results in the pressure difference between
the lower and upper faces and there is a net upward force on the ball. This dynamic lift due to
spining is called Magnus effect. The Venturi-meter is a device to measure the flow speed of
incompressible fluid. The principle behind this meter has many applications. The carburetor of
automobile has a Venturi channel (nozzle) through which air flows with a high speed. The
pressure is then lowered at the narrow neck and the petrol (gasoline) is sucked up in the chamber
to provide the correct mixture of air to fuel necessary for combustion. Filter pumps or aspirators,
Bunsen burner, atomisers and sprayers used for perfumes or to spray insecticides work on the
same principle.

The Venturi-meter is a device used to measure the
a. Flow speed of incompressible fluid.

b. Area occupied by fluid.

hydraulic brakes works on principle of

a. Pascal’s law

b. Newton’s law

c. Bernoulli’s principle

d. None of these
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ii.
iv.

V.

With the help of Bernoulli’s principle. How heart attack happens?
Explain Magnus effect with example of ball with spin in air.

What is dynamic lift?

Case Study Answer-

1. Answer

(c) Torricelli

(b) 133 pa

A pressure equivalent of 1 mm is called a torr 1torr = 133 Pa.

The mm of Hg and torr are used in medicine and physiology.

An open tube manometer is a useful instrument for measuring pressure differences.

The pressure of the atmosphere at any point is equal to the weight of a column of air of unit
cross-sectional area extending from that point to the top of the atmosphere. At sea level, it is
1.013 x 10° Pa (1 atm). 76 cm at sea level equivalent to one atmosphere (1 atm).

2. Answer

(a) Flow speed of incompressible fluid.
(a) Pascal’s law

With the help of Bernoulli’s principle we can explain heart attack phenomenon. The artery may
get constricted due to the accumulation of plaque on its inner walls. In order to flow the blood
through this constriction a large pressure is exerted on heart. The speed of the flow of the
blood in this region is raised which lowers the pressure inside and the artery may collapse due
to the external pressure. The heart exerts further pressure to open this artery and forces the
blood through. As the blood flows fast trough the opening, the internal pressure once again
drops due to same reasons leading to a repeat collapse. This result in heart attack.

A ball which is spinning drags air along with it. If the surface is rough more air will be dragged.
When ball is moving forward and relative to it the air is moving backwards. Therefore, the
velocity of air above the ball relative to the ball is larger and below it is smaller. This difference
in the velocities of air results in the pressure difference between the lower and upper faces
and there is a net upward force on the ball. This dynamic lift due to spining is called Magnus
effect.

A ball which is spinning drags air along with it. If the surface is rough more air will be dragged.
When ball is moving forward and relative to it the air is moving backwards. Therefore, the
velocity of air above the ball relative to the ball is larger and below it is smaller. This difference
in the velocities of air results in the pressure difference between the lower and upper faces
and there is a net upward force on the ball. This dynamic lift due to spining is called Magnus
effect.



