Mechanical Properties of Matter

Exercise

Section I: Multiple Choice Questions

1. A wire is stretched by a weight W. If the diameter of the wire is reduced
to half of its previous value, the extension will become:
A) One half B) Double
C) One fourth D) Four times

2. Two metal plates of area 2 and 3 square meters are placed in a liquid at

the same depth. The ratio of pressures on the two plates is:

A)l:1 B)V2:+3
C)2:3 D)4:9
3. When a spring is compressed, what form of energy does it possess?
A) Kinetic B) Potential
C) Internal D) Heat

4. What is the force exerted by the atmosphere on a rectangular block
surface of length 50 cm and breadth 40 cm? The atmospheric pressure

is 100 kPa.

A) 20 kN B) 200 kN

C) 2000 kN D) 20000 kN
5. The most elastic material of the following is:

A) Rubber B) Wood

C) Glass D) Steel

6. A mass of 2 kg is hung by spring, which displaces it through 5 cm. The
spring constant is:

A)400 N/m B) 40 N/m



C)4 N/m D) 4000 N/m

7. If density of liquid is doubled, pressure at same depth becomes:
A) Half B) Same
C) Double D) Four times

8. When two identical springs are connected in parallel, the effective spring

constant is:

INE B) k
C) 2k D) 4k
9. At very high altitudes, breathing becomes difficult because:
A) Oxygen increases B) Atmospheric pressure decreases
C) Gravity increases D) Temperature increases

10. Hydraulic brakes work efficiently because liquids are:
A) Compressible B) Incompressible
C) Light D) Viscous



Section II: Short Answer Questions

1. State Hooke’s law. Briefly explain the term ‘elastic limit’.

Ans. Hooke’s law states that within the elastic limit, the extension produced in an

elastic body is directly proportional to the applied force.

F o x

F = kx
where F is force, x is extension, and k is spring constant.
The elastic limit is the maximum limit up to which a body returns to its original
shape and size when the deforming force is removed. If this limit is crossed, the

body does not completely regain its original form.
2. Enlist any three applications of Hooke’s law.

Ans. Three applications of Hooke’s law are:

» It is used in spring balances to measure weight.
» It is used in the design of vehicle shock absorbers.
» It is used in spring mattresses and cushions.

3. Why we wouldn’t be able to sip water with a straw on the moon?

Ans. We drink with a straw because when we suck air out of the straw, the
atmospheric pressure on the liquid surface pushes the liquid upward into the
straw. On the Moon, there is no atmosphere, so there is no atmospheric pressure
to push the water upward. Therefore, we would not be able to sip water with a

straw on the Moon.

4. Why an inner airtight layer of a space suit is designed to maintain a

constant pressure around the astronaut?

Ans. There is no atmospheric pressure in space. The inner airtight layer of a space

suit maintains a constant pressure around the astronaut’s body so that normal



body functions can continue safely. It protects the astronaut from the harmful

effects of very low external pressure.
5. Why heavy animals like elephant have a large area of the foot?

Ans. Heavy animals like elephants have large feet to increase the area (A) of

contact with the ground. Since pressure (P) is given by:

P_F
A

a larger area reduces pressure. In this way, their weight produces less pressure on

the ground, and they can walk more safely.
6. Why is it painful to walk barefoot on pebbles?

Ans. Walking barefoot on pebbles is painful because the contact area (A) between

the foot and the pebbles is very small. According to

P_F
A

small area produces large pressure (P). Therefore, the pebbles exert more

pressure on the feet and cause pain.

7. If a liquid has density twice the density of mercury, what will be height of

liquid column in a barometer?
Ans. The pressure due to a liquid column is:
P = pgh

For the same atmospheric pressure, if density (p) becomes twice, the height (h)
becomes half. So, if the density of the liquid is twice the density of mercury, the
height of the liquid column will be half the height of mercury column.



8. Why does a sharp knife cut more easily than a blunt knife?

Ans. A sharp knife cuts more easily because its edge has a very small area. Since

pressure is:

A smaller area produces greater pressure for the same force. Therefore, a sharp

knife cuts more effectively than a blunt knife.

9. The change in atmospheric pressure in a region may indicate a change in

the weather of that region. Explain.

Ans. A change in atmospheric pressure often shows a change in weather
conditions. Low atmospheric pressure usually indicates cloudy, rainy, or stormy
weather, while high atmospheric pressure usually indicates clear and dry weather.

Therefore, changes in atmospheric pressure help in predicting weather changes.



Section II1: Extensive Answer Questions

1. State Pascal’s law. Describe working principle of hydraulic lift using

Pascal’s law.

Ans.

Pascal’s law

It states that when pressure is applied to an enclosed liquid, it is transmitted

equally in all directions throughout the liquid.

Working principle of hydraulic lift

A hydraulic lift works on Pascal’s law. It consists of two pistons of different areas
connected by an enclosed liquid.
Suppose:

» Force applied on small piston = F;

» Area of small piston = A;

» Force produced on large piston = F,

» Area of large piston = A,

Pressure on small piston:

Fy
P, = —
17,
According to Pascal’s law:
P1 ES PZ
So,
Fi B
A A
Therefore,
A
F, = —F,



Since A, is greater than A,, the output force F, becomes much larger than the
input force F;. In this way, a small force applied on the small piston can lift a

heavy load on the large piston.

2. Explain that liquids exert pressure. Show that liquid pressure depends on

depth and density of liquid.

Ans.

Liquid Pressure

Liquids exert pressure because their weight acts on the surfaces of the container.
This pressure acts not only on the bottom but also on the sides (walls). A liquid

at rest exerts pressure equally in all directions.

Derivation
Suppose a liquid column has:

» Height = h

» Cross-sectional area = A

» Density = p
Then volume (V) of liquid column is:

V=Ah .. eq 1

We know that density of liquid column is:

_ mass of the liquid column ~ m
P = Volume of the liquid column _ V

Rearrange for mass and put the value of volume from eq 1:

m=pAh eq 2
Weight (W) of liquid column:
W =mg
Put the value of mass from eq 2:
W = pAhg

Pressure (P) is force (F) per unit area (A):
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b F
A
Here force is the weight of liquid, so:
P W
A
Substitute W = pAhg:
pAhg
= —_ h
A pg
P = pgh

This formula shows that liquid pressure depends on:
» Density of liquid (p)
» Depth of liquid (h)
» Gravitational acceleration (g)

Thus, liquid pressure increases with depth and density.

3. Draw and explain force-extension graph for elastic solids.

Ans. The force-extension graph shows how an elastic material behaves when a
force is applied. The graph has different regions as shown below and important

points, explained below:
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Point O (Origin)
» At point O, Force (F) = 0 and Extension (x) = 0.

» The object is in its natural (unstretched) state.

Hooke’s Law Region (O — A)

» This is a straight-line region.
» In this region, Hooke’s Law is obeyed:
F x x or F = kx
» Force is directly proportional to extension.
» If force is removed, the body completely returns to original shape.

Point A (Limit of Proportionality)

» This is the end of the straight-line region.

» Up to this point, force and extension are proportional.
» After this point, the graph becomes curved.

Region A — B (Elastic Region)

» The graph is curved, so Hooke’s law is no longer obeyed.
» However, the material is still elastic.
» If force is removed, the object still returns to original shape.

Point B (Elastic Limit)

» This is the maximum limit of elasticity.
» Up to this point, the material regains its original shape.
» Beyond this point, permanent deformation begins.

Point C (Yield Point)

» This is the point where plastic deformation starts.
» Small increase in force causes large extension.
» Material does not return to original shape after this point.

Plastic Deformation Region (Beyond C)

» In this region, deformation is permanent.
» The material stretches more even with small changes in force.

» Object will remain permanently deformed.



viii. Fracture Point (Breaking Point)

» This is the final point where the material breaks.
» The body can no longer withstand the applied force.
» Complete failure of material occurs here.

ix. Elastic Deformation Region (O — B)

» Entire region from O to B is called elastic region.
» Deformation is temporary.
» Body returns to original shape after removing force.

x. Plastic Deformation Region (After B)

> Entire region beyond B is plastic region.
» Deformation is permanent.
» Body does not return to original shape.
4. Define atmospheric pressure. State its SI unit. Explain why atmospheric
pressure decreases with altitude.
Ans.

Atmospheric pressure

Atmospheric pressure is the pressure exerted by the weight of the air above a
surface. It acts in all directions.

SI unit

The SI unit of atmospheric pressure is pascal (Pa).

1Pa =

1m?2
Relation of Atmospheric Pressure with Altitude

Atmospheric pressure is due to the weight of air. At sea level, the number of air
(atmosphere) particles is very large because of the high gravitational force, so its
weight is greater and pressure is high. As we go to higher altitudes, the number
of air (atmosphere) particles decreases because of the small gravitational force.
Therefore, the weight of air above us becomes smaller, so atmospheric pressure

decreases.



Section I1V: Numerical Problems

Q1. A spring is stretched 20 mm by a load of 40 N. Calculate the value of
spring constant. If an object causes an extension of 16 mm, what will be its
weight?

Given

Extension of spring in first case (x;) = 20mm = 20 X 103 m = 0.020 m
Load applied in first case (F;) = 40N
Extension of spring in second case (x2) = 16 mm = 16 X 1073 m = 0.016 m

Solution

According to Hooke’s law:

F =kx
where k is the spring constant.
Find the spring constant
Fi
k= —
X1
Substituting the given values:
40
k=——
0.020
k = 2000Nm™'

Find the weight of the object causing 16 mm extension

Again using Hooke’s law:
F2 = kXQ

Substituting the values:
F> =2000 % 0.016

F> =32N

Therefore, the weight of the object is:
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Q2. A brick measures 5 cm X 10 cm x 20 cm. If its mass is 5 kg, calculate the

maximum and minimum pressure which the brick can exert on a horizontal
surface.

Given

Length of brick (/) =20cm =20 x 1072 m = 0.20m
Width of brick (w) = 10cm = 10 x 10?m = 0.10m
Height of brick (A1) =5cm =5x102m = 0.05m
Mass of brick (m) = Skg

Acceleration due to gravity (g) = 10 ms™>

Solution
Pressure is given by:

P==
A

where F is the force and A is the area of contact.

Find the weight of the brick
W =mg

W=5%x10=50N
Find the possible contact areas

The brick can rest on three different faces.

Face 1
Al =1lxw
A; =0.20%0.10 = 0.020 m>
Face 2
Ay =1IXh
A> = 0.20 X 0.05 = 0.010 m?
Face 3

As=wXh

Az = 0.10 X 0.05 = 0.005 m>



Find maximum pressure
Maximum pressure is produced when the contact area is minimum.

Smallest area is:

Amin = 0.005 m?
So,
b 50
1% 0,005

Pmax = 10000 Pa

Find minimum pressure
Minimum pressure is produced when the contact area is maximum.

Largest area is:
Amax = 0.020 m?

>0 50
Poin = ——
0.020
Poin = 2500 Pa

Q3. Suppose in the hydraulic brake system of a car, the force exerted
normally on its piston of cross-sectional area of 5 cm? is 500 N. What will
be the pressure transferred to the brake 0il? What will be the force on the
second piston of area of cross-section 20 cm?>?

Given

Force on first piston (F7) = S00N
Area of first piston (A1) = 5cm? = 5 x 1074 m?
Area of second piston (4s) =20cm? =20 x 10™*m? = 2 X 1073 m?

Solution

Pressure is given by:



Find the pressure transferred to the brake oil

P =
Aq

Substituting the values:
500

P=——
5x 104
P = 1000000 Pa

P=1.0x10°Pa

Find the force on the second piston

According to Pascal’s principle, the same pressure is transmitted equally in all
directions.

So,
F, = PA,

Substituting the values:

F = (1.0x 10%(2 x 1073)

F>, =2000N

Q4. Find the water pressure on a deep-sea diver at a depth of 10 m, where
the density of sea water is 1030 kgm>.

Given

Density of sea water (p) = 1030kgm™
Depth of diver (h) = 10m
Acceleration due to gravity (g) = 9.8 ms™2

Solution

Pressure due to a liquid column is given by:

P =pgh



Substituting the values:
P =1030x9.8x 10

|P = 100940 Pa = 100.940 kPa|

QS. Consider a spring with spring constant of 8000 N/m. If a force of 500 N
is applied to the spring, what will be the displacement of the spring?

Given

Spring constant (k) = 8000 Nm™!
Applied force (F) = 500N
Solution

According to Hooke’s law:

F = kx

To find the displacement x, rearrange the formula:

Substituting the values:
500

~ 8000
x =0.0625m = 6.25cm|

X

Q6. How much pressure does a suitcase of 15N exert on a table if its base
is 0.8 m long and 0.5 m wide?

Given

Weight of suitcase (F) = 15N
Length of base (/) = 0.8 m
Width of base (w) = 0.5m

Solution

Pressure is given by:



First, we will find the area of the base.

A=IlXxw
A=0.8%0.5
A=04m?
Now, we will find the pressure.
p_ 15
0.4

P =37.5Pa|




