Mechanical
Propertles of Matter

changeinsizea

* Define and calculate the sprmg constant
[apply the equation, spring constant =

involving simple springs]

+ Sketch, plot and interpret load-extension
graphs for an elastic solid and describe
the associated experimental procedures.

+ Define and use the term 'limit of proportionality' for a load-extension graph [Including
identifying this point on the graph (an understanding of the elastic limit is not required)]

» |llustrate the applications of Hooke's law [Such as that it is 3- ».- @@l principle
behind engineering many measurementdns n. ..1 prlng scale, the
galvanometer, and the balance wheel o

Q

» Define and calculate density.

» Define and cal
force/area P=

S force per unit area. Use the equation pressure =
0 solve simple problems] :

» Describe how pressure varies with force and area in the context of everyday examples

« Describe how pressure at a surface produces a force in a direction at right angles to the
surface [can make reference to experiments to verify this principle]

+ Justify that the atmosphere exerts a pressure.

« Describe that atmospheric pressure decreases with the increase in height above the Earth's
surface.

« Explain that changes in atmospheric pressure in a region may indicate a change in the
weather.

+ Analyse the workings and applications of a liquid barometer

« Justify and analyse quantitatively how pressure varies with dep a I@@m
» Describe the working and applications of a ma

stems such as the transmission of

« Define and apply Pascal's lawi [App ‘\ :
' ’! dlar reference to the hydraulic press and hydraulic

pressure in hydraulic systems
brakes onveh| o
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You have learnt in lower classes that every thing around us is made up of
matter. The matter normally exists in solid, liquid and gaseou states. These
states are due to attractive force that exists be d molecules.
We have already studied some basic '%% n this chapter, we will
discuss mechanica ital |mportance of a material
for various useful nology and engineering. The main contents
include r are: deformation of solids due to some applied force,
densi pressure.

6.1 Deformation of Solids

We have observed that an external force applied
on an object can change its size or shape. Such aforce is
known as deforming force. For example, an appropriate
force applied to a spring can increase its length called
extension or cause compression thus reducing its
length. If this force is removed, the spring will restore its
original size and shape. Similarly, stretched rubber strip
or band comes to its original shape and size on

removing the applied force. a
When a tennis ball is hit by a rggke 2 “a& of tehnis

Fig. 6.1

ball and also rack K‘ﬁyﬁ pried or deformed
o

(Fig. 6.1). T heir original shape after
bounci all by the racket. An object is said to
be elastic, if after removal of the deforming force, it

restores to its original size and shape. This property of
the material is known as elasticity. Due to this property,
we can determine the strength of a material and the
deformation produced under the action of a force.

‘Some materials such as

__ ﬁD n“et return to thé]
__:;cmglnal Shape aﬁer the
removal of the

deformmg force. They

are known as melast:t;
materials. !

Most of the materials are elastic up to a certain

limit known as elastic limit. Beyond the elastic limit, the -
change becomes permanent. The object or material does not regain its orlglnal

shape or size even after the removal of the deforming force.

6.2 Hooke's Law
If a force Fis applied on a spring to str @(@m extension or

o) the applied force within

(6.1)

compression x has been fou
the elastic limit. Th




where k is the constant of proportionality and is known as sprmg

it is a measure of stiffness of the spring. The greater W

the greater will be the stiffnes or
spring. Its unitisN m”. O %&
A graph of ensmn is a straight
line passi | e origin. If the applied force or
load exceeds the elastic limit of the spring, it is

permanently deformed and its graph will no longer
remain linear. The gradient or slope of force-extension

con t. In fact,
onstant,

graph is a measure of spring constant k.

»l\ Elastic limit
g
(N)
o x (m) —>
Fig. 6.2

Hooke's law also holds when a force is applied to a straight thin wire or a

rubber band W|th|n its elastic limit.
Activity 6.1
' The teacher w:ll arrange a hehcal sprmg WIth an

attached pointer, slotted weights, half metre rule or
scale, iron stand and wall facihtate to perform this actmty

(I) ' Suspeﬂdahelicaﬁ% &mu d-_ Y ook
(i)  Adju ;-\“'\ T atit doe not touchthe

_the scale '

(iii) Place a slotted weight say 50 gin the hanger a’nd
note the position of pointeron the scale. - PR
(iv)  Repeat this step for five times, each t:me__;.- e v
increasing the load in equal amount. -
(v) Draw a graph between force F along y-axis and j -
extension x along x-axis. , - - =
(vi) What is the shape ofthegraph?
(vii)  Whatdoesitshow? Aty e o
(viii)  Find the slape of the stmght e What does ;t_
Sk represent? T M i
"
@mof k), what will be the

~ effect on the graph?

1. If the above experiment is repeatem @
2. Howcanyou find thé v ghtusing this experiment?
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the field of technology and engi ]
law for their function

ales, balance wheel of the mechanical

sions system in vehicles and motorbikes, door

clocks, galvan % '
hinges, m s, material testing machines, etc.

However, Hooke's law applies within a
specific range of forces. Exceeding the range or
limit results in permanent deformation and no
longer follows Hooke's law. Some of the uses are
elaborated below:

1. Springscales
Spring scales use the extension or
compression of a spring to determine the weight

of objects. In a common spring balance the s

extension or elongation produced i is@m
the weight. In compress n b
compressed by the& and the

compressio easured by means of a
pointer mo

2. Balance wheel of mechanical clocks

overa scale Weighing machine usually use this type of balance.

The balance wheel in mechanical clocks use spring to control the back and
forth motion that regulates the speed of the hands of a clock (Fig. 6.4).

3. Galvanometer

Galvanometer is a current detecting
device. It makes use of a tiny spring called hair
spring (Fig. 6.5) which provides electrical
connections to the galvanometer coil and also
restores the pointer back to zero position. The
deflection of the pointer is proportional to the

currentflowmgthrough|tw:th|n eréﬁ @
.-6 5 DenSIty
volumes of dtfferent

Fig. 6.5

substances weigh them by a balance, you will
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find that each of them has a different mass. That is, one centimetre cube of wood

may weigh only 0.7 g but made of iron will weigh 8.0 g. Why is i @’g{gﬁ@u know
that all substances are composed of rBOI : "‘N' of different
g ‘u'- olecular spacing is also

substances are different in size an %
: @)
different. &&

The mass of of various substances actually is the mass of the

total number oRiolecules present in that volume. Naturally, the substance
whose molecules are densely packed and also which are heavy will weigh more
than others. -

Density of a substance is defined as its mass per unit volume.

: Mass
Density = Volume (6.2) For Your Information!
Packing foam or polythene
has a very low density.

The Sl unit of density is kg m~. Other unit also
in use is g cm”. Table 7.1 shows the density of some
substances. [ TP

The architects and engineers take special [ pctance W(kg m)

care of the density of the building material to be Wg\o@(fyw{g,
used in designing and constructing 1965\ \ \Bapol— 800
and buildings. The density ' Water 1000
essential for estimati € required in [Concrete 2400
foundations an ng pillars. Aluminum 2700
cample 6.1 The length, breath and thickness of [3t€€! 7800
an iron block are 3 cm, 2 cm, 2 cm respectively. e kit
Calculate the density of iron if the mass of block is Go!d_ Lol
%g. Osmium 22600
Solution
Length =3 cm, Breath =2cm, Immiscible liquids of

Thickness = 2cm, Mass =94 g, Density =7 different densities
form layers when |

Mass they are mixed.
Volume

Using Eq. 6.2 Density =

where Volume = Length x Breadth x Thickpes :

i
=3cm x2cmx me-ifthe'objectis lighter
@) than the liquid?
4
NO cm

Hence, Density = I |
£
Thus, density of iron = 7800 kg m™ Density is a test to know the
purity of a substance.
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sphere, its)diameter can be measured by a Vernier Callipers and volume is

thereby calculated. Knowing mass and volume, the density can be found out. If

the solid has not a geometrical shape, its volume is determined by the following
activity:

Teacher should facilitate to help the groups to pour some

water in a measuring cylinder. If the substance is soluble in water,

then use a liquid in which the substance is insoluble. Note the level

of the liquid in the cylinder. Now gently drop the substance into
the cylinder. The rise in the level gives the volume of the substance.

O
If a wooden r Q*wll be very &ALl
difficult tw . On the other hand, if

ithasap nd, it can be easily pushed into the
ground. In the first case, the applied force is spread
over a large area, whereas in the second case, the |
force is concentrated on a small area. The force
applied on the rod will exert greater pressure in the &

second case than in the first one. S

6.4 Pressure

Pressure is defined as the force exerted
normally on unit area of an object.

If F is the force acting normally on a surface intherighth

of area A, then pressure P on the surface is glven bw@ @@

d picture. B

ey-h . studs on thelr sa]es
' '.f'ﬁ'_.en your feet and the
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The area A on which the force acts is usually referred as contact area.
@@@ge if the

Equation (6.3) shows that for a certain force, the pre {V ;a @
contactareaAis small. ““Y 3
In the system i 5f-pressure is N m* and is called

1. The edge of the blade of a chopper is made _.
very sharp. When we apply force on the o=
handle of the chopper to cut an object, the |
pressure on the object, at the contact s
surface, due to its small area becomes very [
high and the object is easily cut (Fig. 6.6).

2. The top of a thumb pin is flat but the end of
the pin is very sharp. So, the contact area is
very small. When we apply a force at the top,
the pressure at the end of pin is so high that
it pierces into the wooden board (Fig. 6.7).

3. When we walk on ground, we exert a force
on it due to which we experience-a réacti
force. When the g “ is fl: ‘l‘s

force is spread ove vhigle are the
foot and t ‘ e'to reaction force
isno when we walk on pebbles,

the contact area is reduced. Then the ===
pressure due to reaction force becomes so
high that it becomes painful. S
4. Heavy animals like elephant have thick legs ¥
and large flat feet so that due to large &
contact area, pressure becomes less *

otherwise, their bones would not tolerate the pressure.

e

We have learnt in the lower classes that liquids exert pressure in all
directions. Moreover, liquid pressure increases with depth.

Let us determine the pressure at a certain depth of a liquid-Figure. 6.8
“The force

shows a container of liquid. Consideran areaA i ' a
acting on this area is equal to the wel % En n over surface A. The
volume of this liquid i A ¢ {he density ofHiquid, then mass m of the

e M
liquid column will be:
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Therefore, force acting on area A will be
F=mg=pAhg
The pressure Pat area A will be,

P T pAhY '

Or Pp= pAh | %Q&@W

Equation 6.4% ressure in a
liquid incw . The value of pressure
depends ohthe depth and density of the liquid.

Pressure produces force at right angle to
the surface. A force or its component that is
parallel to the surface, does not contribute to P R R TR
pressure. The pressure, by definition, is only [ Fig- 6.8 Pressure in a liquid
contributed by the normal component of the force. That is, the forces in 3 liquid

that push directly against the surface and add up to a net force is perpendicular

to the surface. If there is a hole in the surface of the liquid container, the liquid
spurts at right angle to the surface before curving downward dmo gravity.

3 @@@Wo@@)

|
Fa
(NN

Calculate the of mercury 76 cm high. Density of
13.6 x 'I

mercury is |

Density p=13.6x10kgm’ e

Height h=76cm =76x10"m - m
g=10ms> liquid at a

As Pressure = pgh the 'é;'}i: ****
P=13.6x10° kgm®x10ms2x 76 x 10°m d&creased T ‘ wﬂ can
P =1.034x10°kgm®xms?xm b
: v dissolved gas comes out
P =1.034x10°Nm | fisss to the surf

P =1.034x10°Pa

20 m high. the pressure of water at the ground floor when the tank is
full? Density ofwater is 1000 kg m™ Takeg=10ms>

A cylindrical wgt% eep has been built on the top of a building
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Solution

. Vi T (O
s bt AU

g=10

P mﬂ)om@m x10ms”
000 Pa=2.2x10°Pa
Teacher should help the students to perform this
actwlty and initiate discussion as per instructions:
i.  Make three small holes at different heights in the side of a
container as shown in the figure.
ii.  Fill the container with water.
ii. Observe the water streams flowing out of the holes. It is
initially normal to the surface.
iv. Which one of the streams hits the ground at larger
distance?
v. Atwhich position the liquid has more pressure?

You will observe that the stream from each hole, initially flows out normal to th ce before

curving down due to gravity and the lowest hole has more prewo@ pressure

increases with depth. 3 \ @

Squeeze the bag gently
(iv) What do you observe? :
Squeezmg the tep of bag causes the water to sqmrt on [ 4

in all directions. It means the pressure is transmltted equally vt
throughouts:hehquld " et TR

The Earth is surrounded by a layer of air which we call atmosphere. We
know that air is a mixture of gases. Their molecules are always in motion. They

collide with one another and with all other objects coming in their way. Thus, they
exert force on the objects. This force per unlt are @@ pressure.
Since the molecules of air have r. ndgm igle @% ospheric pressure
acts equallyin all direg' ns
The atmospher ure on the surface of the Earth and on
everM‘é arth. This pressure is called atmospheric pressure.
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not the same in the atm
continuously with

ottom of the Earth's atmosphere which is a fluid that exer <
on our bodies. At sea level, the value of atmospheric pressure is about
1.013 x 10° Pa. This value is referred to as standard atmospheric pressure. It is an
enormous pressure which can crush anything. We do not feel it because
practically all the bodies have air inside them. As atmospheric pressure actsinz
directions, so it balances the pressure inside.

pressu

We can observe the force of the atmospheric pressure if we remove the
inside air from a vessel as shown in the following activi

We have studled that pressurein a Ilqu:d Increases with depth. At depth
the pressure of liquid is given by
P = pgh

This formula is applicable to all the fluids. As the gases
are also fluid, therefore, the atmospher;

ground at sea level. As we go up n_‘”
height of about 5 knm ‘t(

@m sure ata pointin air, altitude of that point can --'-_

measuring the at
determ W@&@&ér the atmospheric pressure, the greater is the altitude.
136
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6.7 Measurement of Atmospheric P

e e B

s e s et S I S I

ressure.

Atmospheric pressure is usually measured by
the height of mercury column which it can s g
Instruments which measur m
pressure are called b e mercury
barometer W ¥ ube about one metre
long that i at one end. It is completely filled
with mercury, then it is inverted vertically in a dish of
mercury. A metre scale is placed by the side
of the tube to measure the height of mercury column
(Fig. 6.9). The space in glass tube over the top of the

mercury is completely empty. The pressure is almost
zZero. :

Vacuum

pressure

Fig 6.9 Barometer

The pressure P, at point A in the
mercury column is the same as at point B at
the surface of mercury in the dish because

equal to the atmospheric
acting atthe surface o
\M&N\N %

For Your Infermation

 For Your Information!

‘ ‘ /Brass Tube

_ Barometer tube

Alrpressune 9’&398- which is used to measure the A Fortin's Barometer is used in
pressure in motor car tyres. laboratories to measure the
atmospheric pressure.
_ . @ E@EEUU
If we put P = 1.013 x_10DP w, -
- 136 x 10° k 2 & At Would you exert more,
P ; 9 "y 9 : same or less pressure on
mercury column ¢ 9 60 mm. By using e ground if you stand
this instru spheric pressure at any altitude on one foot instead of

in the air can be measured in terms of height of

mercury column.
137
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The atmospheric pressure does not always

remain uniform but flactuates. By observing the c water in place
ot o

variation, the meteorologists can_fore fcury to construct a

weather conditions. Q @ barometer? Explain why.
Atmospheric m% pon the

density of air. At hi ' s, where the air is less dense, the atmospheric

pressurﬁEﬁle.c> imilarly, increase in the quantity of water vapours also

decreases” the density. Thus, atmospheric pressure becomes low in cloudy

regions. Weather casters use this knowledge to predict rains. A fall in pressure
often means that rain clouds are on the way and the rain is to follow.

6.8 Measurement of Pressure by Manometer

A simple manometer consists of a
U-shaped glass tube which contains mercury. In
the beginning, the atmospheric pressure at the
two open ends of the tube is the same and
hence, mercury level in the two arms remains | —»

ry : O;D&

same (Fig. 6.10). If on connecting a gas cylin <ﬁ@o@© i\

with short arm keeping the | . — =

tube open, the m rm is '

lower than that | % (Fig. 6.11), then '
O =

the unk ssure is more than the
atmospheric pressure. If the mercury level in the .
short arm is more than the long arm (Fig.6.12), Fig. 6.10 manometer
then the unknown pressure is less than the

atmospheric pressure.
f%Air pressure

0+

6)

Gas cylinder




6.9 Pascal’s Law |,

When we inflate a balloon, we blow air
in it with a certain pressure but he .. o Todation erire (7

blows uniformly from all-sides e TR T RN
the pressure applled een Earth's centre 2% 10"
transmltted all directions. [Deepest ocean trench| 1.1 x10"

Slmllarly, motorbike tyre is inflated, A motor tyre 52 10°
air pressure is applied at one point but the [Standard atmospheric| 1.013 x 10°
tyre is uniformly inflated from all sides. This Blood pressure B % 0
indicates that pressure is transmitted to each | On mount Everst 4 x 10"
part of the tyre. On mars 7% 10°

Let us perform a very interesting activity with a liquid. Take water in a flask
with piston and having a few side tubes fixed at different positions. If such flask is
not available you can join a syringe at the mouth of a pet bottle. For side tubes,
bendable transparent drinking straws can be glued on the holes punched on
sides of the bottle.

You will observe that the level of water in all the side tu bes is the same. This
is because a liquid seeks its own level and rises to >0 )\
the same height at all points. Now pu6h t
through some distance.

The level of wa

to the same hei is happen? This is
because apphed at one point of the
liquid is transmitted equally to every point of the

liquid. Since gases (air) and liquids are termed as
fluids so the above activities prove that:

When pressure is applied at one point in
an enclosed fluid, it is transmitted
equally to all parts of fluid without loss.

This is the statement of Pascal's law.
The technology of hydraulic systems is based on Pascal's law. Its main

advantages are:
0] Liquids do not absorb any of the supplied energy.
(i)  They are capable of moving much heavy Ioreat forces

duet0|ncompre55|b|hty

Some useful hydraulic
i §§ % iC press
Car lift at service stations

3. Hydraulic brakes of vehicles
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Consider a specially desngned contain
container there are two cylin
area of the smaller W\fw)
and that of th
The cy@wﬁe with some | , f
incompressible liquid. |

Suppose that the small piston is
pressed down by applying a
force F,. The pressure P = F,/ A,
produced by small piston is
transmitted equally to the large
piston.

Due to this pressure P, a force F,,
will act on A,, which is given by

F,=PA,

P'uttmg the value of P ; @ ‘ m@ @@W@

Since Az > ﬁm The result indicates that a small force
a'pplled on n, results into a large force on the larger piston. Such
a syst wn as force multiplier.

A hydraulic press works on this principle. Cotton bale or any other object

to be compressed is placed over the larger piston. A force F; is applied on the
smaller piston. The pressure P produced by smaller piston is transmitted equally
to the larger piston. A much greater |
force F, acts on it. This force lifts the
larger piston and compresses the
cotton bale.

This principle is also used at
service stations to lift cars for
washing (Fig. 6.15).

hoN @6.14. In this

O 3
5ipe. The cross-sectional

_| Piston
| area

Fig. 6.14

Example 6.4

(,
The diame ﬁ 5 of a hydraulic press are 5 cm and 25 cm

respW rce of 160 N is applied on the smaller piston, what will be
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lifted by the other piston?

the pressure exerted by this force on the bigger plstou@@man be
Solution K
Lettheare ns of the pistons be A, and A, and their radii be
r.andr M

Putting the values of r, = —2- eME25%x10"m r= 225 cm =125x 10 m
Az mrd and A =mr
Force on the smaller piston F; = 160 N. Its pressure on the piston is
R
A omr?
If the weight lifted by the bigger plston is w, then according to the Pascal's law.
Py iy
A, A,
_FAs Fan ' fser’
or w A nr12 W 2

Putting the values,
w =160 N x
So, we can lift 4000

e
Sumei..

g a force of 160 N on smaller piston.

brakes of some vehicles
work on Pascal's law. In such type
of brakes, cylinders with pistons are
attached to the wheels. The brake
pedal is attached to a master . s
cylinder having smaller area of b N e
cross-section. Master cylinder is { 1% i\ s
connected to all the larger
cylinders attached to the wheel
through pipes as shown in
Fig. 6.16. Oil is filled in this system.
When pedal is pushed down, the
piston applies pressure on the

liquid in the master cyllnder 1
liquid pressure is
ﬁﬁ” 141 '

Master
cylinder  Brake

pedal

ig. 6.16 Hydraulic brake system




equally to all the larger pistons of other cylinders. This pressure causes these

pistons to move outward pressing the brake pads towards brake discs or brake

drums. Force of friction between the pads and dISC own the
e pull back

vehicle. When pressure is re|eased é dl the brake
pads and wheels again t
Activity 6.6 WW Plunger

moving out

The teacher should facmhtate the groups to
follow the instructions given below.
i.  Fill a syringe with water and insert its nozzle
into a thin plastic tube.
ii. Pressthesyringetofill the tube with water. :
jii. Half fill the second syringe with water and'__"”"-
insertits nozzle to the otherend of the tube.
iv. Pressone plungerinthrough somedistance. - .
v. lIsthesecond plunger pushed out through the |
same distance?
vi. Is the pressure transmitted to the second
plunger by the liquid?

vii. What lsyourmference%“m%“ ‘Q

‘r.. ‘ ’ +
4]- Plunger

pressed in

. Elasticity is the property of solids by which they come back to their original
shape when deforming force ceases to act.

. Within the elastic limit of a helical spring, the extension or compression in it is
directly proportional to the applied force. This is known as Hooke's law.

. Density is defined as mass per unit volume.

« Pressure is the force that acts normally on unit area of a surface. Its S| unit is
pascal = 1TNm”

« Atmospheric pressure is the force exerted by the a me @@@Jnit area

of the Earth’s surface.
« Atmospheric pres
atmospheric pr:

cou n of mercury which the

on a liquid, the liquid transmits it equally in all directions.
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- EXERCISE

Tick (v) thec answer.

W&ed by a weight w. If the diameter of the wire is reduced to
halfof its previous value, the extension will become:

(@) one half : (b) double

(¢) onefourth (d) fourtimes

6.2. Four wires of the same material are stretched by the same load. Their
dimensions are given below. Which of them will elongate most?
(a) Length 1 m,diameter Tmm  (b) Length 2 m, diameter 2 mm
() Length3 m, diameter3mm  (d) Length4 m, diameter 0.5 mm

6.3. Two metal plates of area 2 and 3 square metres are placed in a liquid at the
same depth. The ratio of pressures on the two platesis:

(a) 1:1 (b)v2 :+3
(c) 2:3 (d) 4:9 @ @©§§@

6.4. Thepressureatany pointina liquid is
(a) density of the liquid Q

(b) depth of the ace of theliquid
ty
e

(c) accelerati
(ds m@@
6.5. Pressure applied to an enclosed fluid is:

(@) increased and applied to every part of the fluid

(b) diminished and transmitted to the walls of container

(€) increased in proportional to the mass of fluid and then transmitted to
each part of the fluid

(d) transmitted unchanged to every portion of the fluid and walls of
containing vessel

6.6. The principle of a hydraulic press s based on:

(@) Hooke's law

(b) Pascal'slaw

(c) Principle of conservation of energy

(d) Principle of conservation of momentum @@
6.7. Whenaspringis compressed, | possess?
(a) Kinetic (b) V@ rnal (d) Heat
CXCTed mi\the’atmosphere on a rectangular block

L
d breadth 40 cm? The atmospheric pressure is

6.8. What is the f
surface of lengt AP
-
(a) 20kN (b) TO0OKN (c) 200kN (d) 500 kN
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B ‘Short Answer Questions

6.1. Why heavy animals like an elgphg
6.2. Whyanimals like dee
6.3. Whyisitpain

%@8@@?000

| area of the foot?
o} ed on pebbles?

6.4. Sta 2Give an application of Pascal's law.

6.5. at do you mean by elasticity of a solid.

6.6. What is Hooke's law? Does an object remain elastic beyond elastic limit?
Give reason.

6.7. Distinguish between force and pressure.

6.8. What is the relationship between liquid pressure and the depth of the
liquid?

6.9. What is the basic principle to measure the atmospheric pressure by a
simple mercury barometer?

6.10. State the basic principle used in the hydraulic brake system of the
automobiles.

C Constructed Response Questions @ @©m
.' :. ¥ y

A spring having spring.« From a fixed point. A

load of weig@ spring, causes an extension x, the
elastlc I|m|t ot exceeded.
prmgs each with spring constant k, are arranged as
nbelow

Foreach arrangement, complete the table by determining:
(i) the total extensioninterms of x.
(ii) the spring constant in terms of k.

Spring constant (k) of

Arrangement Total Extension x
the arrangement




6.2.

6.3.

6.4.

6.5.

6.6.

6.7.

6.8.

6.9.

6.10.

Springs are made of steel instead of iron. Why?
Which of the following material is more elastic? @ @@\m

(@) Ironorrubber  (b) Air or wate @W o _
How does water petow the surface of a swimming

pool compare to e one metre below the surface of a very

large W ‘
What wil'happen to the pressure in all parts of a confined liquid if pressure

is increased in one part? Give an example from your daily life where such
principleis applied.

If some air remains trapped within the top of the mercury column of the
barometer which is supposed to be vacuum, how would it affect the
height of the mercury column?

How does the long neck
is not a problem to a
giraffe while raising its
neck suddenly?

The end of glass tube used i ma sumple barometer is not properly sealed,
some leak is present. What will be its effect?

Comment on the statement. “Density is a property of a material not the
property of an object made of that material.”

How the load of a large structure is estimated by an engineer?

D Comprehensive Questions

What is Hooke's law? Give three applications of this law.

Describe the working and applications of a simple mercury barometer
and a manometer. |
Describe Pascal’s Law. State its appllcatlons

On what factors the pressure f @%epend? How is it
determined? O

Explain that atmo
at least

ressure What are its applications? Give
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E  Numerical Problems

6.1

6.2

6.3

6.4

6.5

6.6

6.7

6.8

6.9

A spring is stretched 20 mm by aloado @@@e value of sprlng
constant. If an obJect f 16 mm, what will be its |
weight? |

RkNm7, 32N)
TM Iitres of milkis 4.5 kg. Find its density in Sl units.

(0.9 x 10° kg m™)
When a solid of mass 60 g is lowered into a measuring cylinder, the level I
of water rises from 40 cm?® to 44 cm?. Calculate the density of the solid.

(15 x 10° kg m?)
Ablock of density 8 x 10’ kg m” has a volume 60 cm’. Find its mass.

(0.48 kg)
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 caﬁn\gﬁxert on a
horizontal surface.

. ‘Ix']O Pa, 25 x 10* Pa)
What will be th@W ANin barometer at sea level if mercury
Is replace (\)% ensity 1000 kg m”, where density of mercury is
13‘@&4]%@9 m’ _

(10.3 m)
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 oil? What will be the force on the second

piston of area of cross-section 20 cm?? -

[1.0x 10°N m? 2000 N]
Find the water pressure on a deep sea diver at a depth of 10 m, where the
density of sea wateris 1030 kgm®

press is respectively 10 ¢ rce should be exerted on

Oﬁﬂ 0°Nm?)
The area of cross-section of the mall a hydraulic
the small plston(@% @waght 4000 N? -

WWW (400 N)
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6.10 In a hot air balloon, the following data was recor W a graph

between the altitude and pressure and fi O@

(@) What would the airp tsealevel?

(b) At what h5 X uld have been 90 kPa?

“ Altitude || Pressure
WW ; | (kPa)

150 99.5
500 95.7
800 92.4
1140 88.9
1300 87.2 (a) 1.01 x 105 Pa
1500 85.3 (b) 1.02 km

6.11 Ifthe pressureina hydraulic press is increased by an additional 10 N cm?
how much extra load will the output platform support if its cross-sectional

areais 50 cm??
@©§@ (500 N)
i o
O
6.12 The force exe %& raulic brake system of a car, with its

piston of cro a5cm®is 500 N. What will be the-
(@) ransferred to the brake oil?
( orce on the brake piston of area of cross section 20 cm??

[(@) 1.0 x 10°N m? (b) 2000 N)]



