UNIT 7

Properties of Matter

. Copyright
¥ Latest
Contents

Gt All Frash Content Youw Meed 1)

n Write down the main points of kinetic
molecular theory of matter. What is its
use? |

Ans. (a) Matter is made up of particles called

molecules.

(b) The molecules remain in continuous
motion. |

(c) Molecules attract each other.

Kinetic molecular model is used to explain the
three states of matter — solid, liquid and gas.

- What is meant by pressure? Show that
atmosphere exerts pressure.

Ans. Pressure

Perpendicular force acting on unit area is called
pressure. Atmosphere exert pressure; this can be proved
with the help of a simple experiment.

Experiment

Take an empty tin can with a lid. Open its cap
and put some water in it. Place it over flame. Wait til
water begins to boil and the steam expels the air out of
the can. Remove it from the flame. Close the can firmly
by its cap. Now place the can under tap water. The can
will squeeze due to atmospheric pressure.
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Crushing can experiment

When the can is cooled by tap water, the steam
in it condenses and the steam changes into water, it
leaves an empty space behind it. This lowers the
pressure inside the can as compared to the atmospheric
pressure outside the can. This will cause the can to

collapse from all directions. This experiment shows that

atmosphere exerts pressure in all directions.

What is meant by atmospheric pressure?
How it is measured?

Ans. Atmospheric PreSsure

- The earth 1s surrounded by a cover of air called
atmosphere. So the pressure exerted by the air is called
atmospheric pressure, |

‘Measuring the Atmospheric Pressure

The mmstruments that measure the atmospheric
pressure are called barometers.

Mercury Barometer

One of the simple barometers is a mercury
barometer. It consists of a glass tube 1m long closed at
one end. After filling it with mercury, it is inverted in a
mercury trough. Mercury in the tube descends and stops
at a certain height. The column of mercury held in the
tube exerts pressure at its base.
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A mercury barometer




At sea level the height of mercury column
* above the mercury in the trough is found to be about 76
cm. Pressure exerted by 76 ¢cm of mercury column is
nearly 101,300 Nm™ equal to atmospheric pressure. It

is common to express atmospheric pressure in terms of -

the height of mercury column. As the atmospheric
pressure at a place does not remains constant, hence, the
height of mercury column also varies with atmospheric
pressure.

" Prove that liquid pressure is equal to

P = pgh. |
Ans. Pressure in Liquids

Liquid exert pressure. The pressure of a liquid

acts in all directions. If we take a pressure sensor (a -

device that measures pressure) inside a liquid, then the
pressure of the liquid varies with the depth of sensor.
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Pressure of a liguid
at adepth h

Consider a surface of area A in a liquid at a
depth h as shown by shaded region in figure. The length
of the cylinder of liquid over this surface will be h. the
force acting on this surface will be the weight w of the
liquid above this surface. If p is the density of the liquid
and m is mass of liquid above the surface, then

Mass of the liquid cylinder

m = volume X density

= (A X h) xXp
‘Force acting on area, A
F = w = mgh
= Ahpg
PRI .
s pressure, P =4
B Ah pg .
!

Liquid pressure at depthh =P=pgh

Gives the pressure at a depth h in a liquid of

density p. It shows that the pressure in a liquid increases
with depth.

Write note on hjfdraulic press.
Ans.

Hydraulic Press

Hydraulic press is a machine which works on
Pascal’s law. It consists of two cylinders of different
cross-sectional area as shown in figure.

A hydraulic préss

They are fitted with pistons of cross-sectional
areas a and A. The object to be compressed is placed
over the piston of large cross-sectional arca A. The
force Fy is applied on the piston of small cross-sectional
area a. the pressure P produced by small piston 1s
transmitted equally to the large piston and a force F;
acts on A which 1s much larger than F,.

Pressure on piston of small area a 1s given by

F
P==
| d

Apply Pascal’s law, the pressure on large piston
of area A will be the same as on small piston.

F
PZA

Comparing the above equations, we get

F, K
A a
R o
F, = A X~
a
A

or Fy, = F, %77

Since the ratio ;is greater than 1, hence the

force F, that acts on the larger piston 1s greater than the
force F; acting on the smaller piston. Hydraulic system
working in this way are known as force multipliers.
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K3 Wnrite note on Hydraulic brakes.
Ans. Hydraulic Brakes:

The braking systems of cars, buses, etc. also
uffork on Pascal’s law. The hydraulic brakes as shown in
figure allow equal pressure to be transmitted throughout

the liquid. When brake pedal is pushed, it exerts a force
on the master cylinder, which increases the liquid -

pressure in it. The liquid pressure is transmitted equally

through the liquid in the meta] bipes to all the pistons of

thar ~-1* -~ . " " " ‘
OO0 Cyunaers. Due to the increase in liquid pressure,

the pistons in the cylinders move outward pressing the
orake pads with the brake drums. The force of friction
between the brake pads and the brake drums stops the
wheels. |

Brake drum
Pigtons "
Broka shoe - & =
§§ / Restoring
¥ | sprng ‘B
- - y P r.. 3
; iy o IR g
Master N Y 4
cyhfder p ™ iR
T Fistons
. it Vi
Piston Jt Brake
k'i:_ et R T T Auid

A hydraulic brake of a car

Note:

The question can be asked as. Define Pascal
law; and give one of its application in our daily life.

The Hydraulic press and hydraulic brakes are
‘the applications of Pascal law. So after definition
describe any one of them. |

State the Archimedes Principle.

Ans. Archimedes Principle

| When an object is totally or partially immersed
in a liquid, an upthrust acts on it equal to the weight of
the liquid it displaces.

Explanation

Consider a solid cylinder of cross-sectional area

A and height h immersed in a liquid as shown in figure.
Let h; and h, be the depths of the top and bottom faces
of the cylinder respectively from the surface of the
liquid. |
Then hg = hg = h

If P, and P; are the liquid pressures at depths hl
and h2 respectively and p is its density, then

 called the upthrust of the liquid.

1

Pi P g hy
P, =pgh

Let the force F, is exerted at the cylinder top by
the liquid due to pressure P; and the force F; is exerted
at the bottom of the ¢ylinder by the liquid due to P-.

FzzplAﬁpgh]A
and F,=P,A=pghA

JE— T

Upthrust for a Bﬂdy immersed
in a liquid is equal to the weight
of the liguid displaced

F, and F; are acting on the opposite faces of the
cylinder. Therefore, the net force F will be F, — F; in the
direction of F.. This net force F on the cylinder is called

the upthrust of the liquid.
‘.'. F,~F, =pghh A—-pghi A
' =pgAt—h)
or Upthrust of liquid =pgAh

or =pgV

Here Ah 1s the volume V of the cylinder and is
equal to the volume of the liquid displaced by the

- cylinder. Therefore, p g V is the weight of the liquid

displaced. Equation shows that an upthurst acts on the

body immersed in a liquid and is equal to the weight of

liquid displaced, which is Archimedes principle.

ﬂ What is upthrust? Explain the principle
of floatation. |

Ans. Upthrust .

If an object is kept inside a liquid then an
upward force acts on the object this upward force 1s
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) Principle of Floatation

The principle of floatation can be state as. A
floating object displaces a fluid having weight equal to
the weight of the object. |

Explanation

An object sinks if 1ts weight is greater than the
upthrust acting on it. An object floats if its weight 18
equal or less than the upthrust. When an object floats in
a fluid, the upthrust acting on it 18 equal to the weight of
the object. In case of floating object, the object may be
partially immersed. The upthrust is always equal to the
weight of the fluid displaced by the object. |

n How the Archimedes principle is helpful
to determine the density of an object.

Ans. Archimedes principle 1is also helpful to
determine the density of an object. The ratio in
the weights of a body with an equal volume of
liquid is the same as their densities.

Iet  density of the object =D
Density of the liquid ~ =p
Weight of the object =W,
Weight of equal volume of liquid = w = w; — W

~ Here w, is the weight of the solid in liquid.
According to Archimedes principle, w is less than 1S
actual weight w; by an amount w.

. D wi
Since —
W]
D="X
W P
" s
or )= —Xp
W1 — W2

Thus. finding the weight of the solid in air W,
and its weight ‘1 water w», we can calculate the density
of the solid by using equation.

What is Hook’s
mathema_tical form.
. limitation of this law?

Ans. Hooks Law

Law? Give its
What is the

The strain produced in a bodyl by the stress
applied to it is directly proportional to the stress within
the elastic limit of the body.

Mathematically:

Thus stress e strain

Oor stress = constant X strain
stress
or — — constant
sirain
Limitations

| This law is only applicable unter the elastic
limnits. When a stress crosses the elastic limit, a body 1s
permanently deformed and is unable to restore 10
original state after the stress is removed.

Explain how a submarine moves up in
water surface and down into water.

Ans. A submarine can travel over as well as under
water. It also works on the principle of
floatation. It floats over water when the weight
of water equal to its volume 1s greater than 1its
weight. Under this condition, it is simular to a
ship and remains partially above water level. It
has a system of tanks which can be filled with

“and emptied from seawater. When these tanks
are filled with seawater, the weight of the
submarine increases. As soOn as its weight
becomes greater than the upthrust, it dives into
water and remains under water. To come up on
the surface, the tanks are emptied from

seawater.
What is young’s modulus? Also prove
that y = ¥ Lo
AL YZAAL

Ans. Young’s Modulus

‘The ratio of stress to tensile strain is called
young’ s modulus. |

Mathematically:

Stress
Tensile strain

Young’s modulus Y =

Consider a long bar of length Lo and cross-
sectional area A. let an external force F equal to the
weight w stretches it such that the stretched length
becomes L. According to Hooke’s law, the ratio of this

stress to tensile strain 1s constant within the elastic lint
of the body.

I ot AL be the change in length of the rod, then

AL = L — L,
S St B Force B F
ince ress = __—Area = A
. . L-L, AL
And  Tensile strain = £ Sl
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)

(it)

(iii)

(iv)

(¥)

(vi)

(vii)

EXERCISE |
Encircle the correct answer from the

given choices:

In which of the following state molecules do

_ not leave their position?

@) solid (b) liquid

(c)  gas - (d) plasma
Which of the substances is the lightest one?
(a)  copper (b) mercury

(c) - aluminum . (d) lead

SI unit of pressure is Pascal, which is
equal to: |

()  10*Nm™ (b) 1Nm™

©  10°Nm” @ 10°Nm>

What should be the approximate length of a
glass tube to construct a water barometer?
(@ 05m (b)

(¢c) 25m C(d)

Il m

11 m

According to Archimedes, upthrust is

equal to:

(a)  weight of displaced liquid
(b)  volume of displaced liquid
(¢)  volume of displaced liquid

(d)  none of these

The density of a substance can be found with
the help of:

(a) Pascal’slaw

(b) Hoékc’ s law

(¢)  Archimedes principle
(d)  Principle of floatation
According-to Hooke’s law:

(a)  stress X strain = cor stant
(b)  stress/ strain = constant

(c)  strain/ stress = constant

(d) stress = strain
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The following force-extension graphs of a
spring are drawn on the same scale. Answer
the questions given below from (viii) to (X).

X A - X A
(a) - (b)
: 5 —
F F
X 4 i ) X 4
L 5 @ B
F : B

(vii) Which graph does not obey Hooke's law?
(a) (b)
©) | (@

(ix) Which graph gives the smallest value of

- spring constant? |
(a) | (b)
() (d)

(x) Which graph gives the largest value of spring
constant? | |
(a) | (b)

() (d)

Answers

M | @ | a | © | @) | ® | @ | @

&) | @ | o) | © | i) | (b) |(viiD) | (c)

ix) | @ | ® | @

72. How kinetic molecular model of matte is
helpful in differentiating various states of
matter?

Ans. According to kinetic model of matter molé;:ules
attract each other. The three state of matter have
different force of attraction among the
molecules. In gases the force of attraction are

~ very weak but in liquids these forces are strong
than gases but weaker than solids. So in solids
the intermolecular forces are very Strong.

73.  Does there exist a fourth state of mattey?
What is that?

Ans. Yes, the fourth state of matter also exist and

that is plasma.




74.

Ans._

7.5,

Ans.

7.0.
Ans.

1.7.

Ans.

7.8.

Ans.

7.9.

Ans. |

7.10.

Ans.

1.11.

What is meant by density? What is its SI
unit?

Mass per unit volume is called density.

d = =

vV

Its unit is g/cm’ or kg m™.
Can we use a hydrometer to measure the
density of milk?

Yes; a hydrometer can be used to near the
density of milk.

Define term pressure.

A perpendicular force acting on unit area is
called pressure.

Pz;{

Show that atmosphere exerts pressure.
See Long Question No. 2. |

It is easy to fill air in a balloon but it is very

difficult to remove air from a glass bottle.
Why?

It 18 easy to fill air in a balloon because inside
the balloon there is very less air as compare to
the atmosphere so air goes in to the balloon
easily but iu s difficult to remove air from a
glass bottle because the pressure of air outside
the bottle is greater than the pressure of air
inside the bottle so due to this greater pressure
it become difficult to remove air from the
bottle.

Whaf is a barometer?

Barometer is a lm long glass tube which is
filled with mercury. It 1s used to measure the
atmospheric-pressure of any place.

Why water is not suitable to be wused in a
barometer?

Mercury. is 13.6 timues denser than water.
Atmospheric pressure can hold vertical column

of water about 13.6 times the height of mercury |

column at a place. Thus, at sea level, vertical
height of water column would be 0.76 mx 13.6
= 10.34 m. Thus, a glass tube more than 10 m
long is required to make a water barometer. So
it 1s not suitable.

What makes a sucker pressed on a smooth
wall sticks to it?
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AnSs.

1,12,

Ans.

75 . 2

Ans.

7.14.

Ans.

yi) -8

Ans.

7.16.

Ans.

7.17.
Ans.

7.18.
Ans.
7.19,

An_s.

7.20.

Ans.

7.21.

Ans.

The difference in pressure inside and out side
the sucker make a sucker pressed on a smooth
wall sticks to it. The atmospheric pressure is
greater than the pressure in the sucker. So this
pressure pressed it on the wall.

Why does the atmospherlc pressure vary
with height?

As we go up the air becomes less dense that is
why the atmospheric pressure decreases as we

go up.

What does it mean when the atmospheric
pressure at a place fall suddenly?

If the atmospheric pressure falls suddenly it
means there may be a storm, rain and typhoon
will occur in few hours time.

What changes are expected in weather if the
barometer reading shows a sudden increase?

A sudden increase in the barometre reading
shows that it will so be followed by a decrease
in the atmospheric pressure indicating- poor
weather a head.

State Pascal’s law.

Pressure applied at any point of a liquid
enclosed in a container, is transmitted wnhout
loss to all other parts of the liquid.

Explain the working of hydraulic press.
See Long Question No. 5.
What is meant by elasticity?

The property of a body to restore 1ts original
size and shape as the deforming force ceases Lo
act 1s called elasticity.

State Archimedes principle.
See Long Question No. 7.
What is upthrust? Explain the principle of

~ floatation.

See Long Question No.8. |

Explain how a submarine moves up the
water surface and down into water.

See Long Question No.11.

Why does a piece of stone sink in water bat a
ship with a huge weight floats?

If the weight of the object is smaller than
buoyant force acting on it, the object will float.



1.22,

Ans.

If weight of the object exceeds the buoyant
force, the object will sink. The stone sinks in
water because the buoyant force acting on the
stone is smaller than its weight. The ship of
huge weight floats on. the surface of water
because it is designed in such a way that its
volume 1is- so large so the buoyant force
balances the weight of the ship.

‘What is Hooke;s law? What is meant by
elastic limit? |

Hooke’s Law:

The strain produced in a body by the stress

applied to it is directly proportional to the stress within
the elastic limit of the body.

Elastic Limit;

It s a limit within which a body recovers its

original length, volume or shape after the deforming
force is removed

7.1.

Sol.

1ol

Sol.

PROBLEMS

A wooden block measuring 40 cm x 10

cm X 5 cm has a mass 850g. Find the
density of wood?

m= 350 ¢
=  0.850kg
v=40x 10x 5
= 2000 cmj
=2%107 m’
=7
d==
Y
i 8.50 '. _
1000 x 2 x 10
d=425kg m™

How much would be the volume of ice
formed by freazing 1 litre of water?

1 litre = 1 kg
m=1kg
d = 0.920 kg litre

« N
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1.5

Sol,

(i1)

(111)

m
d="
.

1
0.920 = "

1 1000
920 = 920 = 1.09 litre

Calculate the volume of the following
objects:

() An iron sphere of mass 5 kg, the
density of iron is 8200 kg m™.

(ii) 200 g of lead shot having densﬂy 11300
kg m™

(lii) A gold bar of mass 0.2 kg. The density
of gold is 19300 kg m™.

(1) m=35 kg
d = 8200 kg m™

Vi 7

JE =
VY
.

"~ d
v—ﬁﬁ_t’:lxl(ﬁ“ﬁ
m=200g¢g

= 0.2 kg
d=11300keg m
Viss
d="
Y
-3
- 02
~ 11300
7
¥ 11300 x 10
2 s
= 113000 =1.77x 10" m
m=0.2kg | v
d = 19300 kg m™ |
V=7



F?ﬁ‘ﬂi

| Sol.

e

iita

LATE
L N -

14300 > 10

Y = 193000

"1 §ooEean

= 1.04%x10° m’

The density for air 1s 1.3 kg m™. Find the
mass of awr 1 2 Feo measuring fm X
Sm X 4m.

a=13kgm™
v = 8m X Sm X 4m = 160 m’
m=7? |
d .
v
m=axy
= 1.3 X 160
m = 208.0 kg

A student presses her plam by her thum
Wiktin @ «oree 0. 758, How much would be
the pressure under aer thumb having
contact area 1.5 em*?

F=75N
Am*iﬁplqlﬁ_m,.,i'j R - =4 2
= 1.J Clil~= 150 % 100~ 1910 " m
W . X
p =2
e
A
o 75

T 1% 107
P=50x10*Nmi™
P=35x10° Nm™

The head of & pin is 2 sguare of side 10mm.

Side = 16 mm
,
1000 "™

10 10

- e ———— e ——

Area =Tan5 X Tooo =

>

107 m

1.1.

Sol.

(11)

1.8,

Sol.
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F=20N,
F

P
—

=%

20
il

P=20x10" =2x10°N.m™

P=17

A uniform rectangular block of wood 26

cm X 7.5 em X 7.5 cm and of mass 1000g
stands on a horizontal surface with its
longest edge vertical. Find

(i) The pressilre exerted by the block onm
the surface

(ii) Density of the work

v=20cmX7.5cmXx 7.5 cm

20m 75m 75m 9

7100 * 100 * 100 ~8o000™
75 7.5

A:wa=ﬂﬁxRﬁ

,'_.._...9_.__ 2
= 1600 ™M

P=7 d=7
n=1000¢g = 1 kg

F=w=1X10 W = Img

w = N

F

A
10 | .
P:-:"(}"X 1600 = 1778 Nm ~

d="
V
!

= 3‘ x 000

d=2889 kg m™

A cube of glass of 5 ¢m side and mass 306g.
has a cavity inside it. If the densitiy of glass is
2.55 gem™. Find the volume of the cavity.
Side of cube =5cm
Volume of cube =5 x5 x5

=125 cmy’
m =308 g |
d=2.55 gcmn™

i



d==
V T
_m 308

120 cm’

Volume of the cavity = total volume — volun:e

of block with cavity

19

Sol.

7.10.

Sol,

(i1}

=125 - 120
Volume of cavity = 5 ey’

An object has weight 18N in air. I3
weight is found to be 114N when
immersed in water. Calculate its density.
Can you guess the material of the object?
Weightinair=w; =18 N

Weight in water = w, = 114 N

d=7?
Density of water P = 1000 kgm ™
d=—2—xP

W — W»

18

d=Tg— 11.4 < 1000

18 30000 3
d=¢7x1000 == =2727 kgm

A solid block of wood of density 0.6gcm
weight 3.06N in air. Determine

(a) volume of the block

(b) the volume of the block immerscd

when placed freely in a liquid of
"'3'{? |

density 0.9 gem
d=0.6 gcm™
F=w=306N

m=""
g

3.06 |
m="7a = 0.306kg=306¢g

Vi 7

m

d="
A

911

m 306 3
=9 B GF =510 cm

Density of liquid = 0.9 cm™
m =306 g

volume inside the liquid v =7
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L = b

e
ATEE,

Kol

: " > : __“j'
Aveaofcrosssection=a=2 X 107" m

_Hl
Y 5
306 ;
ziE K =5 340 cm’
1.9
The diameter of the piston of a hydraulic
sress is 30 cm, How much force s

covoived to Nift a car weighting 20000N
¢ii s pision if the diameter of the piston
vi the purop is 3em?
Lismeter -l =30 em

il

oAt g~ 15 cm

Area of cross section of the piston of press

Lt
i
&= T

1 8ND 2
=R X (15 =m X225 cm

Fom20000N, Fi=?

wiaricter of the piston of pump =d=3cm

A
-

-_—

5 1.5 ¢cm

Areaotcrosssection=A=15X15Xx"

=225 X Tem

A steel wire of cross-sectional area 2 X

5

10> m* is stretched through 2 mm by a
force of 4480 N. Find the Young’s
modulus of the wire. The length of the
wire 1s 21,

Solation:

2

F = 4000 N, 1., =2m,
AL, =72 mm

=2 % 10 m
Y o ?

~ FxL, 2000
YZ AxAL T~ 107

| o
=2 x 10" Nan™

= 2000 x 10°

et
Al BT

————
— i
T——ra
o

e



