@ state and explain Archimedes pri inciple.
@ What is elasticity? Explain. :
© State and explain Hooke's law.
(@ Define and explain, Stress, Strain and Young's modulus

_ NUMERICAL QUESTIONS

——-—-..___‘_'__-.-.‘-..‘.|
¥ 10 cm weighs 35 5

@ Arectangular glass block of dimensions 30cm by Scm b

N. Calculate the least and the greatest pressure it can
on a horizontal table?

@ Whatis the height of a water barometer at atmospheric pressyre?

© The smal‘! piston of a hydraulic lift has an area of 0.20 m'. A car weighin,
1.20 = 10* N sits 0:1 arack mounted on the large piston. The large pistcng-. |:n

an area of 0.90 m’, How large a force must be applied to the small pi ¥

support the car? R

@ The deepest paint in the ocean

Everest s tall. What is the Pressure in atmospheres at this depth?
© Ablock is fully immersed in water. Befo

30N fla i :
cmcu;:’d while immersed, its apparent weight was found to be 25 N
dis;:!a.:e: ;:; t:‘he uiothrust on the block (b) the weight of the wate;—
: € volume of water di
and (e)the density of theblock, - (0} (1€ Volume of the block,
© When a weight of 30 i

s hung f; i r
length becomes 2,20 = 8 from a wire of original length 2.0 m,

2 - Calculate th
elastic limit is not exceeded? duias

is 11 km below sea level, deeper than Mt

re the immersion the block weighed

its new

P Www. st angematterex ibit.com!whatis ht |
T h Ntm

S
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solve numerical problems based on the mathematical relations learnt in this unit.

temperature and heat are evident in this

‘breathing performance. The performer
ays the:fuel (highly purified lamp oil is a
arred: choice) in order to create a fine

e A

After st_udying this unit you should be able to:

define temperature (as quantity which determine the direction of flow of thermal
energy).

define heat (as ;:he energy transferred resulting from the temperature difference
between two objects).

list basic thermometric properties for a material to construct a thermometer.
convert the temperature from one scale to another (Fahrenheit, Celsius and Kelvin
scales). :

describe rise in temperature of a body in term of an increase in its internal energy.
define the terms heat capacity and specific heat capacity.

describe heat of fusion and heat of vaporization (as energy transfer withouta
change of temperature or change of state).

describe experiments to determine heat of fusion and heat of vaporization of ice
and water respectively by sketching temperature-time graph on heating ice.

explain the process of evaporation and the difference between boiling and
evaporation.

explain that evaporation causes coaling.
list the factors which influence surface evaporation.

describe qualitatively the thermal expansion of solids (linear and velumetric
expansion).

explain the thermal expansion of liquids {real and apparent expansion).
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The study of heat transformations into other forms of energy, ..,
thermodynamics, began with the eigh
steam engines. These steam engines
water pumps for coal mines,

were used to power trains, factorj

linked to the motions of atoms and molecules in solids, liquids, and gases,”
Today, the concepts of thermodynamics are widely used in ya

“thermodynamics to continually develop higher performance refrigerato
automobile engines, aircraft engines, and numerous other machines, IS,

84

TEMPERATURE. "= :
Temperature is a concept we all understand from experienc

e. Evel'l as

small children we learn to perceive hotness and coldness of objects. We p 2
s L

weather forecasters tell us that the tem i '
perature will be 32 *C toda
:chors tell us that our body temperature is 98.6 ‘F. We know -fro:\ ‘ge e
tl:ler?ce for class 8, chapter 9: SOURCES AND EFFECTS OF HEAT ENER.(T:‘\"F‘era
h».‘n'#pne.-'z:u.-ne is defined as ‘the measure of the degree of hotness or cold zial
ody with respect to some standard A ; daclo

Temperature is measured i 0
in °C, °F, :

understanding of il Hevg W, Would Extand fd

temperature on the | g =

: | RMA ]

basis of kinetic .

molecular description, | ————

According to this %
theory atoms and
molecules are in
continuous random
motion. According to [
this theory, the . AN

temperature can al th Valley, Calj

50 , California; The -
be defined as: * hottest place on Earth, in The Antarctic: During the
Sk : TI_'re summer temperat s continuous darkness of mid-
energ;g: kinetic sﬁgcmmm'?m winter, the temperature here
of molecules el can be as | -87°

of a body’, diiet

Internal Energy and Temperature;'

Internal energy is th oc
: ' € sum :
i e tha e t:: :he kinetic and potential energies ass jated

ub:
stance. For example, in a gas made up of
N 198 J

T

teenth-century engineers who built the ﬂl:‘:

- es,
and thus they contributed greatly to the Ingyg ;%.;:

Revolution. Although the study of thermodynamics began in the Eightéemh

century, it was not until around 1900 that the concepts of thermodynamics
-=> Werg " molecules also h

applications that involve heat and temperdture. Engineers use the [awl;iq::

in the figure 8.1 which : i
8 whic {a)The low average kinetic gas, increases when energy

ﬂ-\.—t:,fﬁ‘.u’:.f_- Fi’i’f”-—f’ﬁ'e‘j" "’f_ Matter

such as helium, the atoms move around, randomly
e walls of the container. 50 each atom has some
if the gas is made up of molecules with two
h, contract and spin, sO these
d vibrational and rotational

toms (monoatomic gas),
g with each other and th

single @
collidin
translational kinetic energy. However,

the molecules can also stretc

ore atoms
dhes ’awe other types of kinetic energy calle

kinetic energy. ar . .
Like a gas, molecules in a liquid are free to move, but within the confines e

the surface of the liquid. There is some attraction between molecules, which
means there is some energy stored as molecules approach each other.

In a solid, atoms jiggle rather than move around. They have kinetic energy,
but they also have a lot of potential energy stored in the strong attractive force
that holds the atoms together.

Temperature is a measure of the average kinetic energy of particles. The
other contributions to the internal energy do not affect the temperature. The
kinetic energy may be in the form of translational, vibrational and rotational
kinetic energy. As atoms or molecules of the material are in constant motion, at
high temperatures the ‘kinetic energy of molecules is more and at lower
temperatures it is less.

As atoms ar
molecules of the material
are in constant motion, at

high temperatures the
kinetic energy of
molecules increases. The
monoatomic gas is shown

P ED (EMPERATURE

s 2

the temperature of the

(b)

only have translational | energy of the particles is added to the gas
kinetic energy, at-high
‘temperature the increase in translational kinetic energy is observed.

Take some water in a kettle and place it on a flame. The water gradually
becomes warmer and eventually starts boiling. How does it happen? In fact, the
temperature of the flame is much higher than that of the kettle and the water.
Something must have transferred from the hot flame to the cold water. In general
temperature of any object can be raised (heated) by placing it in thermal contact
with another hotter object.

For example, Water in a kettle can be heated by placing it on flame. The
earth is heated by the hot sun as thermal contact.
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It is evident from these examples that in the
process of raising the temperature of a body
something must have flown from the hotter
body to the colder body. This something which
flows from the hotter body to the colder body
till the temperatures of the two bodies
become equal is called heat. Thus we can
define heat as, fracic

Heat is thermal energy transferred
from a hotter body to a colder body. When two
objects with different temperatures are
placed in thermal contact, the temperature of
the warmer object decreases while the -
temperature of the cooler object increases. With time.th

G 8 -they reach a
.Equ.llibI'IUﬂ‘l temperature (thermal equilibrium) somewhere in hetWe::nl?m
initial temperatures. During this process, we say that energy is transferred f, il
the warmer object to the cooler one. . -
The relationship of heat to thermal energy is analogous to the relationshi

of work to mechanical energy we studied in Chapter 6.The symbol Q is used t:

represent the amount of energy transferred by heat between a system and its

environment. As heat (like work) is a measure of the i

e Tottat f the transfer of energy, its Sl unit

Distinguishing Temperature, Heat, and Internal Energy:

temper:tsl::ls ;f; tI<medtr.c theory, we can make a clear distinction between
5 » heat, an lntern_al energy. Temperature (in kelvins) is a measure of

e average kinetic energy of individual molecules. Internal energy refers to the
tot:at energy of all the molecules within the object. Thus two equal-mass hot ingots
Flf iron may have the same temperature, but two of them have twice as much
Internal energy as one does. Heat, finally, refers to a transfer of energy from one
object to another because of a difference in temperature

3 MEASUREMENT OF TENPERA
Temperature could be measured in asimple way by using our hand to sensé

Heat flows from the wa.-
substance to the cooler,

th :
e hotness or coldness of an object. However, the range of temperatures that our

hand can bear is very sm to measuré
all, and our i i
: e coRmctt ; hand is not precise enough :

Tem .
a wide variz?:ryafaufri:e? Surementm t°‘f’al"'5 industrial environment encompassés
s and applications. T meet this wide array of N 3
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inventors has developed a large number of sensors and devices to handle this
demand. The branch of physics which deals with the measurements of
lled thermometry. For scientific work, we need some reliable

temperature s €a ¢
device or instrument to measure temperature accurately. Such an instrument 1s

called thermometer.
ACTIVITY TEMPERATURE SENSE CAN BE DECEPTIVE

Try an experiment at home, fill one container
with water that is hot (but not too hot to touch);
fill a second container with lukewarm water;
and fill a third container with cold water. Put
one hand in the hot water and one in the cold
water for about 10 to 20 5. Then plunge both
hands into the container of lukewarm water.
Although both hands are now immersed inwater

that is at a single temperature, the hand that
had been in the hot water feels cool while the hand that had been *in the cold

water feels warm. This demonstration shows that we cannot trust our subjective

senses to measure temperature.

81311, THERMOMETRIC PROPERTY.
In order to construct a thermometer, we make use

of a certain physical property of matter that increases or
decreases uniformly with rise and fall in temperature. This
particular property of a substance that increases and i
decreases uniformly with temperature and can be used for s
the measurement of temperature is called thermometric s
=

o

=

[ ]

10-5

=

¥

property. Some examples of thermometric properties
include the volume of a liquid, length of a solid, gas
pressure, electrical resistance and electromotive force.

The commonly used thermometric property is the
thermal expansion of materials. This property make use of -
the fact that matter (solid, liquid or gas) expands on

heating and contracts on cooling. Thus the degree of

& 3
on of matter can be calibrated on . _
mon of ==

T

- J-Z#,.-,;'-.'F:—'*-_q_-;?-._

expansion or contracti
suitable scale to record temperature. The most com

these devices is the liquid in glass thermometer.
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Tiermal Eraperit

THERMOMETERS

The Liquid in Glass thermometer
utilizes the variation in volume of 2
liquid in temperature. They use
the fact that most fluids expand on
heating. The fluid is contained in a
sealed glass bulb, and its
expansion is measured using a
scale etched in the stem of the
thermometer If we consider that
the thermometer does not expand
then as physical property it utilizes
the variation of length .of liguid
with temperature. In this type the
liquid in a glass bulb expands up a
capillary tube when the bulb is
heated. The liquid must be easily
seen and must expand (or
contract) rapidly and by a large
amcint over a wide range of
temperature. It must not stick to
the inside of the tube or the
reading will be too high when the
temperature is falling. Liquids
commonly used include Mercury
and Alcohol. Different
Thermometers are shown in the

figure 8.3.

~N
L

&

T o I g T

2 A

Pl
[
&

1
-
—_———

A. Mercury  B. Mercury (clinical) C. Alcchol
Thermometer  Thermemeter Thermometer

8.3.2 TEMPERATURESCALES ! i -
& The scale which is made for the measurement of temperature is called
;ngserature scale or t_hermometric scale. The scale comprises of two reference
5;395. ;:lted fixed points. Thetse points are given arbitrarily assigned numerical
- They must be reproducible. The interval between these points is divided

arbitrarily into equal divisions.
There are three scales of L_I NFORMATION

tem, i

useizerature which are commonly l:entligrade scale and Fahrenheit scale are the
modified form of kelvin scale. Centigrade scale’

s Used in laboratory for scientific purposes and

A. Centigrade or Celsius scale:
fahrenheit scale is ysed for clinical purposes to

This scale was in
i troduced by measure the tem
F & > Py perature of patient.
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n this scale of temperature, the ice point markeq as 0 "C and the steam
t is marked as 100 "C at standard pressure. The interval het_ween these
to 100 equal parts (divisions). Each division on the

grade or Celsius and denoted by "C.

uUnit- 8

celsius- |
in
fixed PO ¥ oints is divided in

wo fixed
;Cﬂl.e“ Ca.lled one degreece.nﬁ
Fahrenheit Scale:

This scale was introduced by German physicist Daniel Gabriel Fahrenheit.

d as 32 °F and the steam point is
ivided into 180 equal

jn this scale of temperature, the ice point marke :
rked as 212 “F. The interval between these points is d ,

m:ﬁ_s. Each part on the scale called one degree Fahrenheit and is denoted by °F.

Z Kelvin arAbsoh_.lte Scale: -

) This scale was devised by William Thomson, {Lord Kelvin). Hg named this
scale as absolute scale. In this scale of temperature, the ice points is marked as
273 K and the boiling point of water n:-arked as [Figure 8.4 sl ]
373 K. Thus the interval between them is divided .
into 100 equal parts. Each part on the scale is il

o= 100°C'= m'r—?.

called one Kelvin and denoted by K.

The lowest temperature at which the
molecular movements of matter ceases is called g0 of Water
Kelvin Zero or absolute zero. Its magnitude on 70
the Celsius scale is -273° C. Kelvin scale is 60
adopted in the international system (SI ) of 50
units. . :;g
81303 RELATIONSHIP BETWEEN DIEEERENT 20
SCALES of Temperature 10
A temperature measured on one scale, B 0°C=32F
sometimes, needs conversion to another scale. g F“::Et:'m
Let °C, °F and K, as measured on the three scales, 20
denote the same temperature. The length of the
mercury column in the capillary of the
Celsius Fahrenheit

thermometer is of fixed value. Degrees of
temperature are measured from the ice - point :
which are respectively 0 “C, 32°F and 273 K. A general relation for the conversion

of temperature from one scale to the other is
Temperature on other scale- ice point

Temperature on one scale- ice point _ _
number of divisions between fixed points ~ number of divisions between fixed points

Tecuo) ~Tho = Toeare2 ok m

N N
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it scale
A. Conversion Between centigrade and Fahrenhe

Using the general relation we have
T =0 _Top =32

100 180

Toe  Top -32
ar T

100 180

T, -32
ar Toc =1ﬂU:-c[ 180
100

ar ToC _1_80'{?-6’.-_32}

z L.=271. +52 — &R

Conversion Between Centigrade and Kelvin scale
Using the general relation we have

Toe -0 T,-273
100 100 pr FGAND
—r Ll TELL?
therefore T, =T, -273 ‘_‘—@ (How would we
or Tlt =T’c +273 Bﬁ? convert °F into K?
ZSLERD  HUMAN BODY TENPERATURE RIS

The temperature of a normal hu
Fahrenheit apd Kelvin Scale,

man body is 37°C. Find this temperature on the

8 GIVEN:

y o REQUIRED:
L Celsius Temperature T..= 37°C Fahrenheit Temperature T.,=?7

Kelvin Temperature T, = ?

U into * ?
Ll To convert °C into °F, we use Top = 5T 432

9
Top = 2x37°C+ 32°¢
ar T =66.6°C + 32°C

therefare

Thermal Properiies of atier

thus 3I7°C=98.6"F
To convert °C into K, we use T, =T, + 273
putting values Tk =37°C +273°C
therefore T, =310°C

thus  37°C=310K — el

Assignment 8.1

| Temperature of an object is 250 K. Find its temperature in centigrade.
e HERMAL EXPANSION

ermal expansion means “increase in size of a substance on heating ".
Most substances expand when heated and contract when cooled. However, the
amount of expansion or contraction varies, depending on the material, the cl'liangg
in temperature and the original size of the substance. Thermal expansion is
different for different states e.g. solid, liquid or gas of the same substance. It is
experienced that gases expand more than liquids and liquids expand more than

" solids.

21414 THERMAL EXPANSION OF SOLIDS

A solid substance can undergo three types of expansion : expansion in length
(linear thermal expansion), expansion in area (superficial thermal expansion) and
expansion in volume (volume or cubical thermal expansion). As the temperature of
a solid is raised, the molecules vibrate through larger distance. The increase in

-amplitude of vibration of molecules causes an increase in the average distance

between them. Hence Solids expand on heating. Conversely solids contract as the

‘temperature is lowered.

A, Linear Thermal Expansion of solids:

The increase in length of a substance due to rise in temperature is
called linear thermal expansion.

Consider a metal rod having an original length ‘', at temperature ‘T,’.
After heating metal rod to temperature ‘T’ the rod expand to its new length ‘l,’ as
shown in the figure 8.5. This means for the change in temperature AT (where AT =T
2 .;_}.'chere is corresponding change in length Al (where Al = L, - |;). Experiments
indicate that the change in length Al of almost all solids is, to a good
approximation, directly proportional to the change in temperature AT as long as is
not too large. This means by changing temperature the length also change, more
the change in temperature more is the change in length and vice versa.

Al o AT
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The change in length Al is also AETCER LINEAR EXPANS|ON
Proportional to the original length |,

of the object, That is, for the same
temperature increase, a 4-m-long
iron rod will increase in length twice |
as much as a 2-m-long iron rod. We
can write this proportionality as an

equation: :
il — —

combining equation 1 and equation 2 we get
Al {, AT
~ changing proportionality into equality

Al =ol, AT -m

where ‘a’ the proportionality constant, is called the coefficien
thermal expansion for the particular material and has units of

b t of linear
C'andinSlask",

since Al = (, - [, we can write the above equation as

-, =a I, AT
taking |, common

f',r =£D +0L fa AT

therefore  (; = {1+ AT)

"

_ If the temperature change AT = T - T, is negative, then Al = [, - |, is also
negative; the length shortens as the temperature decreases.

From equation 8.6, we can define coefficient of linear thermal expansiona
of a substance as the increase in len )

fad gth per unit length of the solid per kelvin K’
risein temperature.

Al

l, AT “m

Insimple words, a is numerically the increase jn
; ’ ase in1ml or 1 degree
rise of temperature. The value of g p

e e pimsic I DATES % Y072 AN EOUOR SCAM SET 14-8,

Examp‘le 3.2

Thermal Propeviies of Matter

BRIDGE ENGINEERING
a =12 x10* K") bed of a suspension bridge is 200 m long at 20°C. If th

e
Thesteel (0 o perature to which it might be exposed are -5°C to 50°C hc:an
exu;f‘";?ﬁ it contract and expand?
- i REQUIRED:
g:‘;’gﬁna‘l lengthl,=200m . (a) Change in length Al,= :-
Cueffitie.ﬂt'qf linear thermal expansion (b) Change in length Al =?
a=12 *10°K

Zog—4HAcrc aw

Reference Temperature T, = 20°C
Temperature T, = 5°C
Temperature T,=50°C

*Cth ture AT, =T, -
erature decreases to -5 “C the change in temgera 8T, =1
5;5}:”'.'2?2 te;gpc =- 25°C, since the change in temperature is same In Celsmsl
(: C) and Kelvin scale (K). Therefore - 25°C = - 25 K. The linear therma
expansion is given by
Al =al, ATy

putting values Al =12x10° K" %200 m x(-25K)
or Al =-6x107m
therefore Al =-6cm —m

(b) When temperature increases to 50 °C change in tern_peratu re AT, = _T, - T,::
50°C - 20°C = 30°C, since the change in temperature 1s same in Celsms-( :
and Kelvin scale (K). Therefore 30°C = 30 K. The linear thermal expansion i
given by :

.ﬂl'.z =0 tg ﬁTz

putting values Al, =12x10® K’ x200m x30K
Aly =7.2x10% m

therefore  Al; =7.2cm —m

| The total range the expansion joints must accommodate is 7.2 cm + 6 cm

13.2¢cm

R IR COEFFICIENT OF LINEAR THERMAL EXPANSION

i i isheated from8 "Ct
The length of a bar of certain metal is 60 cm. When the bar is _ _
100 'Cg its length becomes 60.127 cm. Calculate the coefficient of linez
thermal expansion of the metal.
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Volume (cubical) thermal expansion of solids

The increase in volume of a substance due to rise in temperature is calleg

volume thermal expansion.

‘Consider a metal block having an original volume V', at temperatyre

After heating metal block to temperature ‘T”, the block expand to its ney volum

‘V;" as shown in the figure 8.6. This means for the change in temperaty
(where AT =T-T,) there is corresponding change in volume AV (where Ay = y
L]

The increase in volume of a metal block, on heating,
proportional to original volume of the metal block and rise in te

Mathematically,
AV« AT and AV xV,
combining these proportionalities, we get

AV « V AT
changing proportionality into equality
AV =y V, AT 89 N

where ‘y’ the proportionality constant, is
called the coefficient of volume thermal expansion
for the particular material and has units of °C" and
inSlask”.

since AV =V, - V; we can write the above
equation as :

VT e Va =Y VD .flT
taking V, common V=V, +yV, AT

therefore V; =V,(1+y AT) -

From equation 8.9, we can define
coefficient of volume thermal expansion ( v ) of a
substance as the change in volume per unit volume
per kelvin change in temperature.

AV

This is a general rule for solids that they
expand to the same extent in all three directions. It
can be proved that the coefficient of volume
thermal expansion of solids y is about three times

. solids, liquids and gases.

IT '.
Ume
re AT
‘V,.]. .
is direc

Mperature,

Volume thermal
expansion for cubical
i object '

General Science for class
8, chapter 9: SOURCES AND
EFFECTS OF HEAT ENERGY,

Thermal expansion of

We also learned important
applications of thermal
expansion, we used
bimetallic strip for fire
alarms and automatized
switching of electric iron.
Also the effects of thermal
expansion in daily life were’

discussed.
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the coefficient of linear thermal expansion a of solids
The values of coefficients of volume thermal expansion Y for FIifferent
substances are given in the table 8.2, which is approximately three times the
coefficient of linear thermal expansion a. g
; ABLE 8.2: THERMAL EXPANSION COEFFICIENTS AT 20°C

Coefficient of linear Coefficient of volum?
expansiona ('C'orK') | expansiony ("C'orK")

Solids

! Aluminum 2 B
s . (Besy 19 x 10* | 57.x 10°
\ Copper 17 = 10* : 51 x 10°
._ Iron or Steel 12 % 10° | 35x10°
Lead 29 x 10" ' 87 x 10* |
" Concrete, Brick 12 x 10° ' 36 % 10° |
1 " Ethyl alcohol 1100 = 10*
1 petrol : | 950 x 10
Mercury - : 180 = 10*
i Water’ - i 210 x 10°
Air and most other gases : | 3400 x 10°

| at atmospheric pressure 1 i

To see how this relationship comes about, suppose th_at t_he solid has t_hu
shape of a cube of side L. The increment in the length of eachsideis L!,‘and treatin
this as a small (infinitesimal) quantity, the incrementin thevolume L’ is

AV =A(L) =3UAL
or AV =3 xa LAT
or AV =3a AT
AV =3a VAT
t for AV with Equation 8.9, wesee thaty =3a.
209
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If you heat a thin, circular ring in the
oven, does the ring’s hole get larger or
smaller? :
!f you guessed that the metal expands

into the hole, making the hole smaller,

it is not so. Imagine the ring is solid,
like a coin.

O
b

Place a denteq
Draw acircle on it with a pen as shown. When the metal expands, | | Ping-Pong baj i,
the material inside the circle will expand along with the rest of boiling water, and
the metal; so the dashed circle expands. Cutting the metal you'll remove the

where the circle is shows that the hole in Figure a increases in
diameter. ; geltl Wy

GLASS LASER EXPANSION

The active element of a certain laser-is
having volume 5.30 x 10°* m’, Assume the avera
of the glass is equal to 9.00 x10* K" If the te
65.0°C, what is the increase in (a) its length and (b) its volume?

made of a glass rod 30.0 cm long and
ge coefficient of linear expansion
mperature of the rod increases by

REQUIRED:
(a) Change in length Al=?

! Origi v = .
i riginal u!umeV‘, 5.30x10%m (b) Change in Volume AV =7

Coefficient of linear thermal expansion
| a=9x10°K"

| change in temperature AT = 65.0°C = 65 K

! (a) The linear thermal expansion is givenby Al=q [, AT

putting values  Al=9.00 x10°® K™ x0.300 mx 65K

therefore Al=1.76 x10"m —m

(b) The Volume thermal expansion is givenby AV =y v, A'ai‘
' Since y = 3q, therefore AV = 3 V, AT

putting values AV =3x9.00 x10°¢ k! x5,3o,}1g'5 m? x 65K

therefore AV =93.0 x10% m? m

Assignment 8.3

CHANGE IN VOLUME OF LEAD

A 200 cm’ piece of lead (y = 87 x 10°K") is at 10 °C. If it is heated to a temperature of
40 °C, find the change in volume of the lead.

210
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6,42 “THERMAL EXPANSION OF LIQUIDS

Like solids, liquids also expand on heating and contract on c—:_:ollng. A :!qq.nd
has no definite length and surface area; therefore, we cannot consider the linear
expansion or superficial expansion of a liguid. _

‘But liquids always take up the shape of the containing vessels. The;efc;r?j in
case of liquids we are concerned only with volume changes when theyare _-ea ed.
The increase in the volume of a liquid due to the thermal effen:; of heating is cailler.:
thermal expansion of liquids. Since heat effects botl'! the liquid and the_cor_'-;,a r:-e
the real expansion of a liquid cannot be detected directly. In case of gqu;‘ s'real
have two kinds of thermal expansion: the apparent expansion and the
expansion. .

A, Real expansion of liquid:

Areal increase in the volume of a liquid, that_takes pka:ce due to incr:ase o;
temperature is called real expansion V, of liquid. This expansion 15 independent of
the expansion of the container.

B. Apparent expansion of liguid:

An apparent increase in the volume of a _liquid. ti-!at _takes place due to
increase of temperature is called apparent expansion v, of ICI"- o

When a liquid is Fi'gure %) REAL AND APPARENT EXPANSION
taken in a container and
heated, both the liquid
and the container expand
at same time. The
difference of these
expansionsare:called
apparent expansion. If V,
is the expansion in the
volume of the liquid
(called: real expansion)
and V_ is the expansion in Before Vessel Real

the volume of the Heating Expansion Expansion
container on heating then : After Heating ——
the apparent expansion

V,isgivenbyas; -

V‘_ =Vn_vc —_m

i lied, the vessel will first
ater up to level A. If heat is applied, ses
expandL:::liz:ejis’:::i::;;e an illusion that the water has fallen. This is due to the

211

E——EE



Unit- g

€Xpansion of the ves i
sel and is given by the measurement of i
twolevelsi e AB, A J the d‘fre"ence Of the

If heating is further done, heat energy will i i
— , y will start reachin
lquId.Wﬂl then start ex

_ panding rapidly, according to its nature,
Previous level, to reach up to level C. So the measurement of g
(real) expansion of the liquid only. :

.Idm observer present at the start and at the end will see t
Just the expansion of the liquid from A to C. So AC measu
€xpansion of the

body, Mathematically,

€ the liqujg,
exceedfng itg
C gives the trye

he whole ép[mde as

res the apparent

BC = AC + AB
Or, Real Expansion of liquid = Apparent Expansion of liquid + Vesse| Expans;
: on

Since there are two different types of ex i i I
j . 1 pansion of |j
coefficients of expansion should also be defined differently, feirss] Uheir

c. Coefficient of Real Expansion ‘y,’ :

It is defined as the real increase on volume of |
volume per unit degreerisein temperature. It is defined as:

iquid per unit original

e = real increase in volume

original volume x rise in temperature m
Its unit is per degree rise in temperaturei.e. °C" or K",
D. Coefficienr of Apparent Expansion g ek -

It is de_ﬁned as the apparent increase in volume of liquid per unit‘uriginal
vol_ume Perunit degree rise in temperature,

= dpparent increase in valume
original volume xrise in temperature m

Its unit is per degree rise in temperaturei.e. °C" or K,
Es Anomalous Expansion of Water:

Liquids expand on heating except

water between 0°C and 4°C, Water is

unusual in its expansion characteristics,

When water at 0°C is heated, its volume i
decreases upto 4°C and from 4°C its?
volume increases with the increase of |

.

Tleerimal Froperiies of Matier

temperature. This peculiar behaviour of water is called anomalous expansion of
water. Due to the formation of more number of hydrogen bonds, water has
anomalous expansion.

As the temperature increases from 0°C to 4° C, the density increases and as
the temperature further increases the density decreases. Hence water has
n-t'axirnum density at 4" C.This is why ice floats an water, we can see this when we
put ice cubes in water to cool it or icebergs floating in ocean.
) \OSTOESEL . b
" An oil trucker loaded 37,000 L of diesel fuel withy = 9.5 x10* K" at Jackobabad, |

where on hot day the temperature is 50" C. This oil is transported to Kalam where |

jon cold day the temperature is 0°C. What is the change in velume of diesel? How |
1 many liters did he deliver?

GIVEN: - REQUIRED:

Original volume V, = 37000 L (a) Change in volume AV =7
Coefficient of volume thermal expansion (b) Yolume Delivered V,=?
y=9.5=10"K"

Change in Temperature AT=0°C -50°C=-50"C=-50K

(a) The volume of the diesel fuel depends directly on the temperature. Thus,
because the temperature decreased, the volume of the fuel also decrease,

Foi=s e o

The volume thermal expansion is given by
. AV =yV,AT

putting values AV =9.5x10 K" «37000L x—50K

therefore AV-=-1757.5L=-1760L

(b) A decrease in 1760 liters is observed and the
amount delivered was

Vp =V, +AV = 37000L -1760L

therefore  Vp =35240L —{SG0a®

P T CHANGE IN VOLUME OF PATROL. |

If patrol at 0 °C occupies 250 Liters. What is its volume at 50 °C? For patrol take
¥=9.6x10"K".
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RO D CoNSEQUE RS L ERMALE s o

... used in our daily life. In therm :
| expansion is used I . OMmeter

have se:-: ff:renjse of thermal expansion to measure temperature, " almad? Wa

A. Railway lines: : :
When railway tracks are laid the engineers
leave a small gap between two rails as show_n in figure
A If two railway tracks are laid together without any
gap between them they will push against each cthe:u-
when they expand with the rise af temperature. This d
may cause them to bend as shown in figure B or tracks
may also break free from one another. Such a situation
will result in the derailment of the trains causing major
accidents and loss of lives. .
So, the railway engineers always leave a small
gap between two rails to compensate for the
expansion of the rails during the hot summer and
contraction during cold winter.

B. Opening a tight jar lid:

When the lid of a glass jar is too tight to open,
holding the lid under hot water for a short time will
often make it easier to open. The top expands before
the heat reaches the bottle. But even if not, metals

generally expand more than glass for the same
temperature change (a is greater)

C. Transmissicn Lines:

Transmission lines j
5 in the summer sag more as
compared to winter” k

D, Shrink-fitting’ of ax
) The axles have bee
m_trogen at -196 o¢ unti
slipped on to them. On re
the axles expand to givea

lesinto gear wheels:

n shrunk by cooling in liquid
l _the gear wheels can be
gaining normal temperature
very tight fit,

. L BTy e o

E. Expand fitting’ ironringtoa cart wheel:

An iron ring can be tightly fixed into the E
wooden wheel of a Tonga. At room temperature, the
diameter of the iron ring is slightly less than the §
diameter of the wooden wheel. The ring expands on
heating and can be placed around the wooden wheel.
when the ring comes toroom temperature, it
contracts and produces a tight fit.

F. Expansion Joints:

Most large bridges include expansion joints,
which look rather like two metal combs facing one
another, their teeth interlocking. When heat causes
the bridge to expand during the sunlight hours o_f a hot
day, the two sides of the expansion joint move toward
one another; then, as the bridge cools down after
dark, they begin gradually to retract. Thus the bridge
has a built-in safety zone; otherwise, it would have no
room for expansion or contraction in response to
temperature changes.

G. Bimetallic Strip:

A bimetallic strip is used to convert a
temperature change into mechanical displacement.
The strip consists of two strips of different metals : |
which expand at different rates as they are heated. |When the thin bimetal strip is
When their temperature increases, the unequa !:‘:ali‘: :xb::s‘:;nb:fc::i:;
amounts of expansion causes the bimetallic strip to lm::;l,, H;E brass expands
bend as shown in Figure. more than steel when heated,

For example if equal lengths of two different .:';11“5'::&:2:11‘““ Hendtovanm
“metals, such as copper and iron, are riveted together | =
so that they cannot move separately, they form a [

bimetallic strip. When heated, copper expands more sbelorepestios
than iron and to allow this the strip bends with copper on
on the outside. If they had expanded equally, the strip b after heating
would have stayed straight. Bimetallic strips have - Covper
many uses, like fire alarm and thermostat.
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ynit - B
The S.1. unit of specific (I TABLE B.3: SPECIFIC HEATS OF
or specific heat is joule per VARIOUS SUBSTANCES

8.5 HEAT GAPACITYAND SPECIFIC HEAT.CAPACITY

When a substance absorbs heat its temperature rises, Conversgl capacity

substance loses heat, its temperature decreases. Experiments showy’ _""h@na ilogram pefi{eluin which lms expressed as Materiats Specifjt‘: h?:at
thermal response of different materials to heat absorption is diffepe, skg 'K —=. .
exan:np!e water requires a lot of heat to change ils temperature while o For . pifferent su bstances pave . PrRTES 910
requires less heat to change its temperature. A massive body requires ... er gifferent specific heat. The quantity of |
;l;frgy lt:o raise its temperature to a certain value than a lighter body of the s;I;l?:‘ll: heat needed also depem:: on the nature | Copper 387
Eriat, e Mme ial: raising the temperature 340
: of the matenat; : Glass
. of 1 kilogram of water by 1 K (1 ('T} } e 5
b requires 4190 J of heat, but only 910 Jis i -
mass (m) by 1°Coor 1 K is called the heat capacity (c_) of that subﬁtance_u Stance of needed tcf r alif‘.e r::fn ;ﬂpﬁrﬁlir; n_‘f_hl Iron/ steel 452 ‘
If i - : ; ; of alumi . ,
.ﬁgis the change in heat and A Tis the change in temperature, then kﬂ:firf?;nheﬂt of water at 15 °C is 4190 J ]__ Lead 128 .
m = 49 : :; 1K ', No other substance has a high Silver 230
AT spec'iﬁ.; heat capacity and it has natural | Wood 1700
The value of ‘c,’ depends upon J : benefits in sustaining ife on the planet =~ -~ —
1. Thenature of the material of the substance. ea ol i E
2. Themassof the material of the substance, - 5 JMPORTANCE OF THE HIGH AL LU 2410
. 3 Therisein temperature, . ' ;:rg'ic sHERT CAPAUTY?D  Mercury | 139 |
In the Standard Internatio ; . : T ; e Water ’ 4190 i
Kelvin which is expressed as J K nal System the unit of heat capacity is joule per " The specific heat capacity of ~— : ; - 1
.5.2 SPECIFICHE; ; water is equal to 4190 J kg" K" It has Air L i i = -4
some important implications. - | Carbon dioxide 638 |
and water. 2 A, lnoderate climate of sea shore: 'i_ Oxygen 651 ’
:hﬂfau absorb th The specific heat of sand is about | gream (100°C) | 1520
he Interval 800J kg K"'about. Acertain mass of water * ——
j;: opper, minimum needs five times more heat than the same :
eated quickly wh mass of soil for its temperature to rise by 1 °C or 1 K. Hence, the land gets heated

much more easily then water. Also, it cools down much easily. Hence, a large
difference in temperature is formed that gives rise to land breeze and sea breeze.
It keeps the climate of the coastal areas moderate. Monsoon in Pakistan is also due
to the difference in temperature between the land and the surrounding sea.

B. As a coolant:
Water is used as a effective coolant. By allowing water to flow in radiator

pipes of the vehicles, heat energy form such parts is removed. Thus, water
extracts much heat without much rise in temperature.

» €opper will need least amount of heat
nt for this purpose.
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INFORMATION

These two blocks of metal (aluminum on :h_e left and
lead on the right) have equal volumes. In addition, they
were heated to equal temperatures before being
placed on the block of paraffin wax. Notice, however,
that the aluminum melted more wax—and hfanoe gave
off more heat—even though the lead block is about 4
times heavier than the aluminum block. The reason :s
that lead has a very small specific heat; in fact, lead’s
specific heat is about 7 times smaller than the specific
heat of aluminum. As a result, even this relatively large
mass of lead melts considerably: less wax per degree of
temperature change than the lightweight aluminum.

How much heat is required to increase the temperature of 0.5 kg of wa
specific heat capacity of 4190 J kg 'K '} from 10°C to 65°C?.

3 GIVEN: : ' REQUIRED:
Heatrequired, AQ=?

ter (with

Initial temperature T,=10°C
Final temperature T =65°C
Rise in temperature AT=T-T,=65°C-10°C=55°C=55K
| Specific heat of waterc = 4190 J kg K' -

The specific heat capacity is given by

or AQ =cmAT
putting values  AQ = 4190 Jkg™ K™ x 0,5 kg x50 K

therefore  AQ =104750) —{NEE
| sssignment 5.5 YR I
If 117.60 J of heat is required to ra :
50°C. Calculate the specific heat of

ise the temperature of 10

; g of silver through
silver. -

[AB WORK:

To find specific heat by method of

mixture -
containers of negligible heat capacity, I.-iang f‘olystyrene ot (e

e eyl Froperhiil of Matier

é LATEH.T HEATAND PHASE CHANGE
" A substance usually undergoes a
in temperature with transfer of
preat) I mfjo?s?i'reh:::?: : As a thermometer comes into
the trans]:fnertgtnin;g{m_ This can occur | thermal equilibrium with an
Changethe physical characteristics of the | object, the object’s temperature
wr;:ance change from one form to another, changes slightly. In most casi::ﬁ
Commonyrefeed [0 3 e g, | o
on phase changes are solid to
;:r:il?d cfr?erﬂingi liquid to gas (boil_’.ng?, : :s gnﬁf{iac;:tt ure change is
liquid to solid (freezing) and gas to liquid .
{cundensation). 7

Energy used to cause a phase change does not cause 2 tempe_rature cne: c!_z, t
when ice melts at 0 °C it becomes water at 0 °C; when water bails DEE }0 ) :
becomes steam at 100 °C. The same is true in reverse: When water at B?Jeazces i
becomes ice at 0°C; when steam at 100°C condenses it becomes water at 1 HEE

The heat required to change the physical state of a substance (solidinta a
liquid or vapour, or a liquid into a vapour) but does not change its temperature 15
latent heat of that substance.
CATENTHEATOFEUSION oo
. amount of heat energy required to convert a given mass of a substance
from the solid state to the liquid state (melt) with out any rise in temperature is
called its latent heat of fusion. Liquids release the same amount of heat when
they solidify (freeze). '

Specific latent heat of fusion: -

The amount of heat energy required to convert unit mass (one kilogram)
of the solid at its melting point to liquid, (or liquid into sc—li.d]_ with out any :
change in temperature is called its specific latent heat of fusion of '_ehe so!ch_l.
‘AQ’ is the amount of heat energy needed to melt mass ‘m’ of a solid to liquid
(or freeze liquid to solid), then mathematically -
ﬁQ = ITI-L"r

change
energy |

Where L, is the latent heat of fusion of substance and is given as

AQ
I'.r =Tn_

i i ion is j kilogram which is
The S.1. unit of specific latent heat of fusion is joule per
expressed as J kg '. Different substances have different specific latent heat of

fusion.



Jnit -

ing e

ng
tior

fc

: cunvertag“:::g?:stgfnf"p’g‘rgi:ance
The amount of heat energy poil) with out an rej
iqui us state { same amount of
frc;rl::hfshl‘l{::'l:t:ztt ?:a:h\zg:;?:ation, Gases release the heat
called i
when they Liquify (condense)-

equired L0

specific latent heat of vaporization: convert unit mass (onek ﬂUgrarh} &

The amount of heat energy required to¢ e ) with et 2y chane
liquid at its melting point to gas, {or gas ;" orization of the salid. If *Ary
et is called its specific latent heat of vap g edepbsye A, s
L:mneratu:e;;‘ heat energy needed to vaporize mass gas (or
the amoun .
condense gas to liquid), then mathematically
AQ =mL,

Where L, is the latent heat of vaporization, such that

The S.1. unit of specific latent heat of vaporization is joule per kilogram
which is expressed as J kg '. Different substances have different specific latent

heat of vaporization.

PHASE CHANGE AND TEMPERATURE-TIME

Take a beaker and place it over a stand. Put small pieces of ice in the
beaker and suspend a thermometer in the beaker to measure the temperature.
Place a burner under the beaker. The ice will start melting. The temperature of
the mixture containing ice and water will not increase above 0°C until all the ice
melts. Note the time which the ice takes to melt completely into water at 0°C.

Continue heating the water at 0°C in the beaker. Its temperature will start to

increase. Note the time which the water in the beaker takes to reach its boiling
pointat 100°C. ;

Draw a temperature-time graph such as shown in figure. From the grapﬁwé
can see that at curve ‘AB’, even we were providing heat to the ice water mixture

but the temperature remained constant at 0 °C. At point B, all the ice has melted
to form water.

L'AB WORK

To draw graph between tem
perature and
water and then to steam by s|gy heating time wh

|"__Tomeasure specific heat of fusion of jce,

en ice is converted into

Unit - 8

ice + water
at0°C

burner

Thevimal Properfies of Matier

ST D ICE WATER PHASE CHANGE

Tempgéature (Ty
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Melting Boiling

Now, on heating beyond point ‘B', the temperature of water started rising

as shown by the slope line ‘BC’ in the graph. Since the heat absorbed during the

change of state of a substance does not raise its temperature, it is called latent

heat or hidden heat. The graph also
shows when water is boiling and
changing into steam, the temperature
remains constant at 100 °C though heat

- is being given continuously to water.

This heat which is going into water but
not increasing its temperature is the

energy required to convert the water -

from the liquid state to the vapor state.

-since this heat: does not show its

pre;en;g‘-l;y producing a rise in
temperature, it is-called latent heat of
vaporization of water. Let us look, for

example, that how much energy is |~

needed to melt a kilogram of ice at 0°C
to produce a kilogram of water at 0°C.

Figure 8.9

4 Temperature.

_m - oL _'_" i 5 P Ty
~0l %1000 2000 3000 kg
Melting ' Vaporization
333 kJ/kg 2260 kJ/kg

Using the equation for a change in temperature and the value for water from Table
8.4, we find that Q = mL, = (1.0 kg)(334 kJ/kg) = 333 kJ is the energy to melt a
kilogram of ice. This is a lot of energy as it represents the same amount of energy
needed to raise the temperature of 1 kg of liquid water from 0°C to 79.8°C. Even
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ould take 2260 kJ to change 1 jg ¢ It is also possible for a substance to change

Unit - 8 4
A it w .
more energy is required tuvaF?nze:::':: ;jII'J’C at atmospheric ;:Iressur_e} to stEam_ directly from a solid to a gas. This process is called
liquid water at the normal boiling l:;hat the energy for aphase ¢ a':'ie 1S €normoyg sublimation. For example, sublimation occurs when dry
[watervapor]-T“i’e"ample.mg:sm:h temperature changes without a phag, ice, which is solid (frozen) carbon dioxide, changes
compared to energy associat : directly to gaseous carbon dioxide without passing
change. ion for a given substance is different from the laten; through the liquid state. :
Tha [xkenthest Of,u,m:;ubstance. Representative values for melting poing,
heat of vaporization for tha ¢, and latent heat of vaporization are listed i When a comet approaches the Sun, some of its

jon, boiling poin % 3 :
tatent heat of fusion, i frozen carbon dioxide sublimates, helping to produce the

Table 8.4." B = e / :
S W N THEA TS DREUSIONNDXARORIZATION - comet’s visible tail.
_“_'.T:_:l’J.F_...:'___.. %;L;};ﬁmmng Point Latg;_-nt Heat of
Materia | P::ﬁit}'fgq fusion (J/kg) (*0) Vaporization (J/kg) .
| | 5.23 % 10° - 269 2.09 = 10 The conversion between three different states of
| Helium | -269.65 | - - 183 2.13x10° . matter (solid, liquid and gas) freezing, melting,
[ Oxygen | -21879 | 1.38xx10 : : evaporating, condensing and subliming are shown in the
{ Water f 0 [I 333 xx 10° 100 2.26 x 10"—“ : . ﬁgure.
[ Mercury | -39 [ 1.13 xx 10° 357 2.93 x 10
i < . . 5 u
| Sulphur || 19 | 3.81xx 10 445 3.26 x 10 — e e Eor—eras = ===
[ lead | 327 | 245xx10' -| . 1750 E70 =108 | Example 8. 6 e
[ Aluminum || 860 ' 3.97 x = 10 | 2450 1.14% 107 Find the amount of heat for meiting the ice having mass 1.3kg at -10 °C? (Latent
f Copper | 1083 | (34 x10° | 1187 [ 5.06 = 10° heat of fusion for ice L, =3.3 x 10° J/kg and specific heat forice c =2.2 x 10" J/kgK)
Sitver | 961 | 8.82 x 10* I 2193 2.33 % 10° : & i b 4
LG-::-I:I [ | b | 280 1.58 x 10° g N A REQUIRED:
| i . . : % Massoficem=1.3kg Heat required AQ =7
INFORMATION JERN [ POINT T0 PONDER )| Initial temperature T, = - 10°C
e | ' | | FinaltemperatureT=0°C
- | Why is a scald from steam a7
Temperature change AT=T-T,=0°C- (-10°C)=10°"C=10K

| often more serious than one
from bailing water?
-3y Steam at 100°C contains more K
| thermal energy than water, .
__ o The difference is due to the
- " 1| latent heat of vaporization
;‘:e ile;n}en? gallium has ! ‘ which for water is quite high:
kaEﬂ azdl;ﬂﬂ_ﬂlﬂfﬁﬂllfsﬂ || As the steam touches the skin
g melting of 30 | andcondenses,alargeamuunt

°C hence it melts ever of
. | ENErgy 15 released, causi
when placed on palm, more severe byrns, il

Specific heat forice c =2.2 x 10’ J/kgK
Latent heat of fusion for ice L, =3.3 x 10° J/kg

. We first we will provide heat to increase the temperature of the ice from -10
| °Cto0°C (melting point).

="

] AQy =cmAT

' putting values  AQ, =2200Jkg™ K'x1.3kgx10K

therefore

AQ; =2.86x10"J

1- S - i =T
E~_'____.,L__ L= N
e

b tlann nhusic IX DATFS 3 1mig 8 !l SCAN SFT 16 g
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nd heat required for melting ice at 0 °C, such that
ea

AQg =MLy 3

2Q, =1.3k8 x3.3%10° J/kg

Now we will fi

putting values
therefore
Total heat required fo

AQ = 4.29x10°J

r the whole process
4Q =4Q,+4Q:
AQ =2.86x10* J+4.29x10%J

or ﬂq=453x105.} -m ;

Assignment 8.6 *EVAFORATM E
or evaporating 2.8 kg of water at 45 C°? (Latent heatl

i unt of heat f ; .
Find the amo =2.3 x 10° J/kg and specific heat of water ¢ = 419p

putting values

vaporization for water L,
J/kgK).

EV/ NORLIQUIDS.

We observed that water and other liquids start to boil if they are heated o
their boiling temperatures. The liquid starts to transform ihto vapours but the
change of liquids into vapours goes on even when the temperature is below the
boiling point. For example, Aspread wet cloth on being exposed to the air becomes
dry in a short time due to evaporation of water. Water left in an open-dish also
disappears due to evaporation. ; s

; We know that the molecules of a liquid move with wide  range of
instantaneous velocities and they have different kinetic energies ranging from
minimum to a very high vaiue. Some of the molecules, having sufficient kinetic
energy to overcome the forces of attraction, leave the surface of the liquid and
escape out in the form of vapour. We call this escaping of the high energy

molecules as evaporation. :

; The process by which a liquid slowly changes into its vapours at any
emperature {J?e[uw its boiling point) without the aid of any external
source of heat is called evaporation of liquids. Experiments have shown |
that evaporation'of ligy i |
iquids depends on the following factors. *

A. Nature of liquid: i
i

i
T
po - l

|

16 5

R
4
those w;'::;:hi;t:oiﬁrg i“i"?g ||-_30ints evaporates more rapidly than | Rese
: oInts. For exa : y :
alcohol is higher than that oFwateL mple the rate of evaporation of |

& =

nnk dena nhysic Ix DATES 3. 2m8 A 'rm-ORSCﬁNSEr oy

_—

Unit- 8

8. Temperature of liguid: : b " w I
pue to higher temperature; molecules of k |

liquid at the surface will have more kinetic energy =iyl
and chances of escaping will increase and .. ~——

evaporation will be fast. Thi§ can be seen while
jroning clothes. Under a hot iron wet_ clothesdry o
out quickly as the water evaporates quickly.
Temperature of surrounding:

The higher the temperature of the
surrounding, the higher is the rate of evaporation.

it is for this reason that wet clothes dry rapidly in
summer than in winter. _

D. Presence of water vapour in Air:

The more thé amount of water vapour I'
present in air, the less is the rate of evaporation. It "
is for this reason that wet clothes dry slowly in .
rainy season as a lot of water vapour are present in
the air. Ll

E. Area of the exposed surface of the liquid:

Increased surface area gives the molecules
a greater chance of escaping. Wet roads dry out
quickly because the rain water is spread over a
large area.

F. Movement of Air:

The more rapid the flow of air, the higher is
the rate of evaporation. It is for this reason that
wet clothes dry more rapid on a windy day
comparedonacalmday. -~

G. Dryness of Air:

Drier the air, the more rapid is the
evaporation. Presence of water vapour reduces

C.

the rate of evaporation. Desert room coolers are 8
more effective in cooling by evaporation in the dry
month of June than it is in the humid month of
August.
~ H.  Airpressure on the surface of the liquid:
The lower the pressure on the surface of the liquid, higher is the rate of
€vaporation.
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o R

rom the liquig ' There are six parts of a refrigerator.

|EVAPORATION Loy ules convert fi
en a liquid EWPO';::S' & :Iuori'iie. The process that drives jt ?:‘la:et“ ! qL. Heat exchanging pipes: refrigeram.r 3
the vapor phase 2 e to leave the liquid surl_'ace and escape as avapor These coils are present on the inside gbhg i
he molecule since the molecule is taking heat with j; as i’ E‘ and the outside of the fridge , they carry the
t refrigerant from one part of the fridge to
candenser [[{]

heat. In order for € th it. : ;
nergy With © > o the surface left behind. For example, Spin:

take heat € .
::::-:ng. this has 2 “’""."ﬁl"f;.e:p@rates. As a result, your palm feels colq, Wate, another.
spilled on your palm qu.-l‘:haj;l ether and spirit. Evaporation of water also prod 2. Refrigerant:
evaporates mud;::"t";lee chilling effect of the evaporation of water if yoy i, This is the substance which
cooilns-d W“:;I::g wet clothes. Perspiration in a human body helps to cool the body : evaporates in the fridge causing freezing | refrigerant
:nf:::fnaimaina stable body temperature. ; oy temperatures. SO m
ains the cooling caused by evaporation, During Voae Expansion Valve: =

3 1
The kinetic theory exp G
lecules escape from the liquid surface. Molecy|g, The expansion valve which is made up of a thin copper coil reduces the

ic mo
evaporation, more energetic MOIECLI=s 2 AERARS _
that remain in the liquid have lower kinetic energy. A:Itqurd w;th mulecu_les of legg pressure on the liquid refrigerant. :
kinetic energy has a lower temperature. Thus evara 0 m uces cooling, el 4 Compressor: .
DRATIONYS! .QL_..G e e ""-.‘_".-'.’-' B0 : A compressor is a metal object which compresses the refrigerant thus
Vaporization (or vapourisation) of an element or compound s a phase raising the pressure and in turn the temperature of the gas. -
transition from the liquid phase to vapuor. There are two types of Vaporization; 5. Condenser: 4
evaporation and boiling. . : A condenser, condenses, that is, it converts the refrigerant into liquid
Evaporation is a phase change from the liquid phase to vapour that occyrs form, reducing its temperature.
at temperatures below the boiling temperature at a given pressure, Evaporation 6 Evaporator:
usually occurs on the surface. Boiling is a phase transition from the liquid phaseto | s _ : £
gas phase that occurs at or above the boiling temperature. Boiling, as opposed to Aievz:.ru ria;:o;fa_h surl:rstthe heat in the refrigerator with assistance of the
evaporation, occurs below the surface. evaporating liquid refrigerant.
Working:

Applications of Cooling by Evaporation: X
Refrigerator has a pipe that is partly inside a refrigerator and partly
outside it, and sealed so it is a continuous loop. The pipe is filled with a

A. Cooling by Fans:
We use fans in the hot season because the moving air increases the rate of refrigerant. Inside the refrigerator, we make the pipe gradually get wider, so the
refrigerant expands and cool as it flowed through it. Outside the refrigerator, we

:i;iﬂg::ﬂn ar«;_perspiraziun {mm our bodies. Hence we get a cooling sensation. As
eartier, perspiration helps in cooling the body and regulating its have a pump (compressor) to compress the gas and release its heat. As the gas flow
; round and round the loop, expanding when it is inside the refrigerator and

temperature,
B, ; s
:;? ver Control: compressing when it is outside, it constantly pick up heat from the inside and carry

o ?st:::l 15 applied on the forehead of a person running high fever. It is tto the outside, ¢

temperature o th::tez evaporates, it takes heat from the head. Thus the Refrigerant and Environmental Concern:
suffer any brain damaE: remains within the safe limits and the patient does not The cooling effect in many refrigerators is produced by the evaporation of
C. Refrigerator: o ; avolatile liquid (refrigerant) called Freon a chlorofluorocarbon (CFC) chemical.
' An increasingly important environmental concern is the disposal of pld

refrigerators because of the chlorofluorocarbon (CFC) chemical as coolant has a
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. Modern refrigerators usually |,
ozZone la?::-_-c}’ which was supposed to hﬂ\l‘e o

; ing the Zerg OUP.- A
rty of damag rofluorocarbon over in 1974 researchers predic ro GR ’
refrigerant ?Elegthydeomn it :"5 atmf:shher&b)‘the catalytic des::udcu REFRIGERANT: Talk to someone who works on air conditioners or
e s could damage Ea: hypothesis has been proven in 19g5 by refrigerators to find out what fluids are used in these systems. What

Emis&inr!SDmee stratosphere: . the destruction of the ozone laygr properties should refrigerant fluids have? Research the use of freon and

in 7 . r 2 <
:nfe:sz;n;len“ which have 5&"; king to develop new refrigerant that is Natyra| freon substitutes. Why is using freon forbidden by international treaty? What
antarctica. Scient'E ar:n?::wte"ﬁal (G¥F) and zero 05eng Deplation Potentia| fluids are now used in refrigerators and car air conditioners? For what
and have low global wa temperature ranges are these fluids appropriate? What are the advantages

and disadvantages of each fluid? Summarize your research in the form of a
presentation or report.

(ODP).
Thermometry:
temperatureiscﬂ
Temperature: The measure
rature. i -
;::f:ﬁmem- The device which is used to measure temperature is calleq

thermometer. ; X
Heat: The form of energy which is transferred from one body to another body

due to the difference in temperature is called heat. :
Thermal expansion: The expansion of substances on heating is called therma|

. __‘__‘-‘-—‘-—
The branch of physics which deals with the measurements of

lled thermometry: :
of degree of hotness or coldness of a body is calleg

TEMPERATURE MEASUREMENT: Research how scientists measure the
temperature of the following: the sun, a flame, a volcano, outer space,
liquid hydrogen, mice, and insects. Using what you learn, prepare a chart or
other presentation on the tools used to measure temperature and the
limitations on their ranges. Prepare the presentation to share it with your

class fellows.
expansion. ’

Specific Heat: The amount of heat required to raise the temperature of a unit
mass of a substance by 1 *C or 1 Kis called the specific heat of that substance.
Change of state of matter: Change of solid to liq_uid or liquid to gas and vice
versa without any change in temperature is called change of state of matter or
change of phase.

Fusion or melting: The process in which a solid change into liquid state with '
out rise of temperature by the absorption of heat energy is called fusion or
melting. , :

Latent heat of fusion of ice: The amount of heat energy required to melt one
kilogram (1 kg) of a ice at its melting point'0 °C with out any rise in
temperature is called its latent heat of fusion of ice. i

Boiling or vaporization: The process in which a liquid change into gaseous

state with out rise of temperature b the ab: i i
i 50 is called
boiling or vaporization, : y rption of heat elnergy

BIMETALLIC 'STl__?{IP: What is a bimetallic strip? How it is used in thermostat?
Explain the use of bimetallic strip in different equipment. Prepare a chart to
be displayed in classroom.

'GROUP.= D .
HISTORY PRESENTATION: Discuss with elder people that until refrigerators,
air conditioners or even fans and electricity was limited what methods
people used to cool themselves and water for their use. How they stored
fruits and vegetables. Prepare a presentation for the class discussion.

WRITING FOR SCHOOL MAGAZINE ON LARGE VALUES OF WATER: Water has
an unusually large specific heat and large heats of fusion and vaporization.
Our weather and ecosystems depend upon water in all three states. How
would our world be different if water’s thermodynamic properties were like
other materials, suc¢h as methanol? Write an essay to be published in school

Magazine,

Latent heat of water: .
Mibarein ater: The amount of heat energy required to vaporize one |

ng point 100 ° rise in,
temperature js called ts latent heat of wagiep:-_ int 100 °C with out any

Evaporation: The i -
.- '@ process by which 3 |j uid J . o
below its boiling Point is called Evapurati:n. s ik
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TR SCONGERTUALQUESTIONS:
h EXE—RCL";E - . . { e Give a brief response to the following questions.
i \! : @ ordinary electric fan increases the kinetic energy of the air molecules
. e g f caused by the fan blades pushing them means the air temperature increases
Choose the best possible answer: ' siightly rather than cool the air? why use it?
E @ TheS.1. unit of heat is ] @ Why are small gaps left behind the girders mounted in walls?
I A B. kg LK D.K : @ Why you should not put a closed glass jar into a carnpﬁrfe. What ;:uuld
/@ Thes.I. unitof temperature is e happen if you I'jnssedl an empty glass jar, with the lid on tight, into :I:‘lre. :
AC B F C.J Bk . - @ _Explain why it is advisable to add water toan overheated automobile engine
5 : Ao : only slowly, and only with the engine running. )
€ The Fahrenheit and Celsius scale reading of temperature coincide ag © Explain why burns caused by steam at 100°C on the skin are often more
A0 B. -460° C.-273" “Peedar i < -0 severe than burns caused by water at 100°C.
12} © 310Kin centigrade scale is _ _40 @. Explain why cities like Karachi situated by the ocean tend to have less
A.37°C B. 310°C C.63°C D.273 °c extreme temperatures than inland cities at the same la‘titude.
E © When waterat 0°C is heated, it contracts till temperature rea h : % : ol gt M]:: 1?5 Lok bt il it
i A 1°C B, 4°C C. 100°C Ches . ﬁxturgz Explall:l . y’ . ‘
9.0 Thes... unit of specific heat D. 100k @ Why isice at 0°Cabetter coolant of soft drinks than water at 0°C?
, _fu_-' A K Bl kgf e s ¢ € Why we feel cool after perspiration?
. CJke! c
T @ The relation between coefficient of lf::a i S FRTBREHENSIVE OUIESTIONC
;I ko rand volume expansion js; “COMPREHENSIVEIQUESTIONS
ﬂ © Thes.1. unit of Latent heat js IR D.y=6 a " Give an extended response to the following questions.
A A B. Jkg @ E:.-:pl'ain !‘he terms 1nterna'_l energy and temperature. Use kinetic theory to
0 How much oy _C JKkg' D. JK kg _ distinguish between heatmternalenerg_y and temperature. :
temperature 24 ‘Csw; ;‘:ﬁ?ufred to-melt of 1 kg of Zink & ii5. o . @ Howdo wg measure‘ternperature? Explain liquid in glass thermometer.
A Ai3widy latent heat of 113 10°J kg ng @ What are various temperature scales. Derive mathematical expressions to
® he 3 B.1.13x 19"y C.2.4x10%) o convert between various scales of temperature.
- MOt of hea ired to raj D.2.71x10) @ What is meant by linear thermal expansion and volume thermal expansion
{ of solids?
, - @ What is thermal expansion of liquids? Why we have real and apparent
thermal expansion in liguids. Illustrate with the help an experiment.
@ Define heat capacity and specific heat capacity of a substance. Explain the
importance of high specific heat capacity of water.
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