Unit 8

THERMAL PROPERTIES OF
MATTER
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Q1. Define the terms heat and temperature.

Ans: Heat:

Heat is the energy that is fransferred from body to other in thermal
contact with each other os o result of the difference of temperature between

them.
Temperature:

Temperature of a body is the degree of hotness or coldness of the body.

Q2. Define the terms thermal conduct and thermal equilibrium.

Ans: Thermal conduct:

In heat transfer and thermodynamics, a thermodynamic system is said to
pbe in thermal conduct with another system if it can exchange energy with it
through the process of heat.

Thermal equilibrium:

Thermal equilibnum - When two objects A and B are in thermal contact
and there 1s no net transfer of thermal energy from A to B or from B to A, they are

said to be in thermal equilibrium.

Q3. Define the terms energy in transit and internal energy.

Ans: Energy in fransit:

The form of energy that is fransferred from a hot body to ¢ cold body is

colled heat. Thus, Heat is theretore, called as the energy in transit.
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Once heat enters a body, It becomes its interal energy and no longer

exists gs heat energy.
Internal energy:

The sum of kinetic energy and potential energy associacted with the

atoms, molecules and particles of a body is called its internal energy.

Interal energy of a body depends on many factors such as the mass
of the body, kinetic and potentials energies cf molecules efc.

Q4. Differentiate between temperature and heat?

Ans. Heat:

Heat (symbol: Q) is energy. It is the total amount of energy (both kinetic
and  potential) possessed by the molecules in a piece of matter, Heat is

measured in Joules.

Temperature:

Temperature (symbol: T) i1s not energy. It relates to the average (kinetic)
energy of microscopic motions of a single particle in the system per
degree of freedom. It is measured in Kelvin (K), Celsius (°C) or Fohrenheit
(°F).

Explanation:

Heat 15 the total energy of molecular motion In ¢ substance while
tempercture is a measure of the average of the molecular motion in ¢ substance.
Heat energy depends on the speed of the particles, the number of particles (the
size or mass), and the type of partficles in an object. Temperature does not
depend on the size or type of object. For example, the temperature of a small

cup of water might be the same as the temperature of a large tub of water. But
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the tub of water has more heat because it has more water and thus more totol

thermal energy.

Note: Tempercture is not energy, but ¢ mecsure of it, Heat is energy.

DO YOU KNOW?

The crocus flower 15 a natural thermometer. It opens when the

temperature 1s precisely 23°C and closes when the temperature drops.

Mini Exercise

1. Which of the following substances have greater average kinetic energy of its
molecuvules at 10°C?

(a)steel (b) copper (c) water (d) mercury

Ans: Al 10°C water molecules have greater kinehc energy. Due o lesser
iNtermolecular forces as compared 1o steel, copper and mercury.

2. Every thermometer makes use of some property of a material that varies with
temperature. Name the property used in:
(a)strip thermometers (b) mercury thermometers

Ans: () strip thermometers:

Liquid-Crystal thermometers use Iquid crystals that change color In
response to temperature changes. Mixture of liquid crystals are enclosed In
separate partitions. Numbers on the parhitions indicate temperatures according
10 the amount ot heat present.

L.LELLT

L

(b) mercury thermometers:
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Mercury thermometers are based on the fact thot maternals (in this case, the

iquid mercury) expands when heated.
Mercury has boiling point and less specific heat.

Note: Due to these properties’ mercury is used in mercury thermometers. Since it
IS opaque, it Is easy to see the caplliary,

Q5. Whatis a thermometer? Why mercury is preferred as a thermometric
substance?

Ans. See QQ # 8.6 from Exercise,

Q6. Describe the feature of liquid-in-glass thermometer
OR

Describe the feature of mercury- in-glass thermometer

Ans. Liquid-in-glass thermometer:
A liquid-in-glass thermometer has a bulb with a long capiliary tube of uniform

and fine bore. A suitable liquid is filled in the bulb, When the bulb contacts o
hot object, the liquid in it expands and rnises in the tube. The glass stem of @
thermometer is thick and acts as a cylindncal lens. This makes it easy to see

the liquid level in the glass tube.

FYy SR Pivele PR,y v B avrer™ e -l Y

‘AT AR sr by
lﬁ}}mml“"'"iﬂ uluuluu.uuululuulunhlulutiuuluq‘m;uul — _-

- e - - u..\,' Ve rre ; - - -
LALLE LY D

Lrat

-

A mercury-in-glass thermometer
Mercury freezes at - 39VC and boils at 357"C

Uses.
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Thus, mercury is one of the most suitable thermometric matenal. Mercury-in-

glass thermometer are widely used in laboratones, clinics and houses to
measure temperature in the range from -10°C to 150°C.

Q7. What do you mean by lower and upper fixed points in thermometer?

Ans: Lower and vpper fixed points:
A thermometer has a scale on its stem. The scale has two fixed points.

The lower fixed point i1s marked to show the position of hquid in the

thermometer when it is ploced in ice.

Similarly, upper fixed points are m marked to show the position of liquid in

the thermometer when it is placed in steam ot standard pressure gbove
boiling water.

Q8. Highlight the different scale of temperature from one scale to another
(Fahrenheit, Celsius and Kelvin scales)

Ans. Scales of temperature:
A scale is marked on the thermometer. The tempercture of the body In

contoct with the thermometer can be read on that scale. Three scales of

temperature are in common Iin use. These are:

(i) Celsius scale or centigrade scale
(ii) Fohrenheit scale
(ili) Kelvin Scale

Celsius scale:

On Celsius scale, the interval between lower and upper fixed points is
divided into 100 equal parts. The lower fixed point 1Is marked as 0°C and the
vpper fixed point is marked as 100°C,
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Fahrenheit scale:

On Fchrenheit scale, the interval between lower and vpper fixed
points is divided into 180 equal parts. The lower fixed point is marked as 32°F
and the vpper fixed point is marked as 212°F.

Kelvin scale:

In Sl units, the unit of temperature is Kelvin (K) and its scale is called
Kelvin scale of temperature. The interval between lower and upper fixed
points is divided into 100 equal parts. Thus, a change in 1°C is equal to @
change of 1K. The lower fixed point on this scale comresponds to 273 K and
the upper fixed point is referred as 373 K. The zero on this scale is called the

absolute zero and is equal to -273°C.

Freezing point of water -

DO YOU KNOW?
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Freezing water

Ice In freezer

Q9. How can you convert the temperature from one scale to another
(Fahrenheit, Celsius and Kelvin Scales?)

Ans: Conversion of temperature from one scale into other temperature scale:
From Celsius to Kelvin scale:

The temperature (T) on Kelvin scale can be obtained by adding 273 in the

temperature C on Celsius scale. Thus
T(K) = 7.5 4 1L 1 e ere— (i)
From Kelvin to Celsius scale:

The temperature on Celsius scale can be found by subtracting 273 in the

temperature In Kelvin scale. Thus
C = TIIK) =223 cocesssssaaa (1)

From Celsius to Fahrenheit Scale:
Since 100 divisions on Celsius scale are egual to 180 divisions on Fahrenheit

scale. Therefore, ecch division on Celsius scale i1s equal to 1.8 divisions on

Fohrenheit scale. Moreover, 0°C corresponds to 32°F,
F = (1 e TS . — (il);

Here F is the temperature on Fahrenheit scale and C is the temperature on

Celsius scale.

DO YOU KNOW?
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A clinical thermometer is used to measure, the temperature of human
body. It has a narow range from 35°C to 42°C. It has a constriction thot
prevents the mercury to returmn. Thus, its reading does not change until reset.

USEFUL INFORMATION

Specific heat of some common substances

Alcohol 2500.0

Aluminum 903.0
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Lead 128.0
Mercury 138.6
2NC

385.0

Q10. Define specific heat. How would you find the specific heat of a solid?

Ans: See Q # 8.8 from Exercise.

Q11. Describe the Importance of large specific heat capacity of water

Ans: Importance of large specific heat capacity of water:

Specific hect of water is 4200Jkg™*K~* and that of dry soil is about
810Jkg *K~*. As a result the temperature of soil would increase five times
more than the same mass of water the same amount of heat. Thus, the
temperature of land nses and falls more rapidly than that of the sea. Hence,
the temperature vanations from summer to winter are much smaller at places

near the sea than land far away from the seaq.

Storing and carrying thermal energy:
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Water has a large specific heat capacity. For this reason, it is very useful
In storing and camrying thermal energy due to its high specific heat capacity.
The coolng system of automobiles uses water to camy away vunwanted
thermal energy. In an automobile, large amount of heat is produced by its
engine due to which iIts temperature goes on increasing. The engine would
cease unless it 1s not cooled down. Water circulating around the engine by
amrows In maintains its tempercture. Water gbsorbs unwonted thermal energy

of the engine and dissipates heat through its radiator.

Cenfral heating systems:

In central heating systems hot water 1s used to carmry thermal energy through
pipes from boiler to radiators. These radiators are fixed inside the house ot

suitagble places.

DO YOU KNOW?

The presence of lorge walter reservons such s lakes and secs keep the
climate of necrby lond moderate due to the lorge heat capacity of these

reservolrs,

Q12. Define heat capacity. How would you find the heat capacity of a solid?

Ans:

Heat capacity:
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Heot capacity of a body is the quantity of thermal energy cbsorbed by if

for one Kelvin (1K) increase in its temperature,

It the temperature of a body increases through AT on adding & Q amount

of hect, then its heat capacity will beg—g. Putting the value of A Q. We get

I 4Q _ maar
Heat capacity = e -
Heat capacity= mc ............ (1)

Equation (i) shows that heat capacity of a body is equal to the product of

its mass of the body and its specific heat capacity.

For example, heat capacity of 5kg of wateris (S kg x 4200 Jkg=*K~*) 21000
JK~*. That is; Skg of water needs 21000 joules of heat for every 1 K rise in ifs
temperature. Thus, larger is the quantity of a substance, larger will be its heot

capacity.

Q13. Describe activity to determine the change of state of ice into water and
steam by sketching graph.

Ans: Change of state:

Matter can be changed from one state to another. For such a change o

occur thermal energy 1S added to or removed from a substance.
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Activity:
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Take a beaker and place it over o stand. Put small pieces of ice in the
beaker and suspend a themometer in the beagker to mecsure the

temperature of ice.

Now place a bumer under the becaker. The ice will start meltng. The
temperature of the mixture containing ice and water will not increase
above 0°C unhl all the ice melts cnc we get water at 0°C. If this water of
0°C is further heoted. its temperature will begin to increase above 0°C as

shown by the graph in figure. 8.9.

A Qgraph of tomporature

and une showing change of state of
Mo VO waler and sleam

Part AB: On this portion of the curve, the temperature of ice increases from
J0°C 10 0°C¢.

Part BC.: when the temperature of ice reaches 0°C, the ice water mixture

remains at this tempercture until gll the ice melts,

Part CD: The temperature of the substance gradually increases from 0°C to
100°C. The amount of energy so added is used up in increasing the

temperature of water.

Part DE: At 100°C water begins to boil and changes into steam. The

temperature remains 100°C until all the water changes into steam.

Ql4. Define fusion point and freezing point?

Ans: Fusion point or melting point:
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Q15.

Ans:

Q1é.

When o substance is changed from solid to liquid state by cdding

heat, the process is called melting or fusion.

The temperature at which a solid start melting is called its fusion

point or melting point.
Freezing point:

The temperature at which a substance 1s changed from liquid to solid
state is called freezing point. However, the freezing point of ¢

substance is the scme as its melting point.

Define and explain latent heat of fusion.

See Q # 8.2 from Exercise.

Find the latent heat of fusion of ice with the help of experiment.
OR

Describe experiments to determine heat of fusion and latent heat of

fusion of ice by sketching temperature-time graph on heating ice.

Ans:

Experiment:

Take a becker and place it over ¢ stand. Put small pieces of
iIce in the beaker and suspend a thermometer in the beaker to measure
the tempercture. Place a bumer under the beaker. The ice will start
melting. The temperature of the mixture containing iIce and water will

Nnot increase agbove 0°C until all the ice melts. Note the time which the

ice takes to melt completely into water at 0°C
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Continue heating the water at 0°C in the beaker. Its temperature will

begin to increase. Note the time which the water in the beaker takes

to reach its boiling point at 100°C from 0°C,

Draw a temperature-time graph such as shown in figure 8.11.

Calculate the latent heat of fusion of ice from the data as follows:

Let massofice = m
Finding the time from the graph:
Time taken by ice to melt completely at 0°C = ¢, = t,_t; = 3.6 min,
Time taken by water to heat from 0°C to 100°C =t, =¢t,_t, = 4.6 min.
Specific heat of water ¢ = 4200 Jkg 'K™'.
Increcse in the temperature of water = A T = 100°C =100 K
Heat required by water from0°C 1o 100°C=AQ=mc AT
=m x 4200 Jkg=*K~* x 100K
=m x 420 000 Jkg~*
=m x 4.2 x10° Jkg™?

Heat A Q i1s supplied to water in time ¢, to raise its temperature
from 0°C to 100°C. Hence, the rate of absorbing heat by the water in the

beaker 1s given by
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Rate of absorbing heat = =
+ Heat absorbedintime ¢, =AQ = 5?:—1 =AQ x ;5-’-'-
0 0
Since AQ, = m x H, (from eq. 8.7)

Puthing the values, we get

mxH, = mx42x10° Jkg™* x L

e

or Hy = 4.2x10° Jkg™* et

o
The values of t, and t, can be found from the graph. Put the values in the

above equation to get

3.6min
4.6min

H = 42x10° Jkg™ ! x

=329 x 10° Jkg™’

The latent heat of fusion of ice found by the above expenment 1s 3.29

x 10° Jkg~!' whileits actual value is 3.36 x 10° Jkg™*.

Q17. Define latent heat of vaporization.

Ans. See Q # 8.10 from Exercise.

Q18. List the value of melting point, boiling point, latent heat of fusion and
vaporization of some of the substances?

Ans:. Melling point, bolling point, latent heat of fusion and latent heat of

vaponzaotion of some common substances.

Substance Melting point | Boiling point | Heat of fusion Heat of
vaporization
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(°C) (kJkg™*) (klkg™*)
Aluminum 10500

I W
I B T
e o [ [ |
I I B B

Woter 336.0

Q19. Define the latent heat of vaporization of water with the help of experiment.
OR

Describe experiment to determine heat of vaporization and heat of
vaporization of water by sketching temperature-time graph.

Ans: Experiment:

At the enc of experiment 8.1 the beaker contains boiling water. Continuve
hecting water till all the water changes into steam. Note the time which
the water in the beaker takes to change completely into steam at its
boiling point 100°C
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Extend the temperature-time graph as shown in figure.

Calculate the latent heat of fusion of ice from the data as follows:

Let Mass of ice =m
Iime t, taken to heal water from 0°C to 100°C (melt) =t, = ts_t, = 4.6 min.
Time taken by water gt 100°C to change it into steam =t, = t,_ t; = 24.4 min,
Specific heat of water ¢ = 4200 Jkg='K~!.
Increcse in the temperature of water = A T = 100°C =100 K
Heat required by water fromO0°C to 100°C=AQ=mc AT
=m x 4200 Jkg~'K~' x 100K
=m x 420 000 Jkg™!
=mx 4,2 x10° Jkg™*

As bumer supplies heat A Q to water in time t, to raise its temperature from 0°C
to 100°C. Hence, the rate at which heat is absorbed by the beaker is
given by

Rate of absorbing heat = 2

(o

~» Heat absorbedintime t, = AQ, =

Since AQ,= mxH, (from eq. 8.8)
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Putting the values, we get

mxH, = mx42x10° Jkg™* x =

{o

or H, = 42 % 10° Jkg™* x ==

(o

Putting the values of t, and t, from the graph, we get

24.4min

H, = 42 % 10° Jkg™! x

46omin

= 2.23 x 10°%Jkg™~?

The latent heat of vapornzation of water found by the above expenment is
2.23 x 10° Jkg~! while its actual value is 2.23 x 10° Jkg~!.

Q20. Whatis meant by evaporation? On what factors the evaporation of liquid
depends? Explain how cooling is produced by evaporation.

Ans: See Q # 8.11 from Exercise.

Mini Exercise
1. How specific heat differs from heat capacity?

Ans:

Specific Heat Heat Capacity

Specific heat of a substance 1s the Heat capacity of g body is the quantity

omount of heat reguired to roise the of thermal energy absorbed y it for one

temperature if 1kg mass of that Kelvin (1K) increase in its temperature.

substance through 1K,

Specific heat can be found out by the Heat capacity can be found out by the
relation, relgtion

Heat capacity = mc

www.topstudyworld.com



www.topstudyworld.com Physics

‘ SI unit of specific heat is Jkg™*K~* ‘ Unit of heat capacity is JK~* \

2. Give two uses of cooling effect by evaporation.

Ans: Uses of cooling effect by evaporation:
.  Dunng hot summers, the water is usually kept in the earthen pot to keep i

cool. Water is cooled in the pot since the surface of the pot contains large
pores and water seeps via there pores to outside of pot. This water
evaporates and takes the latent heat for vaponzation hence retaining the
water inside pot to be cooled.
. Especiclly in villages, people often sprinkle water on the round in front of
ther homes dunng hot summers.
i. Water vaponzation from leaves of trees also cools the surroundings.
iv. A desert cooler cools better on @ hot and dry day.
v. ltis a common observation that we are able to sip hot tea (or milk) faster
from a saucer than from a cup.
vi. Wearing cotton clothes in summer days to keep the body cool and
comfortgble.
vii. Put a little of spirit on your hand and wave around, the spint evaporates

rapidly and our hands feels cooler.

3. How evaporation differs from vaporization?

Ans: Difference between vaporization and evaporation:
Vaporization:
Vapcrization is a transitional phase of an element or compound from a solid

phase or liquid phase to a gas phase. It changes matter from one state or phase

into another without changing its chemical composition.

Vaponzation has three types:

www.topstudyworld.com



www.topstudyworld.com Physics

i. Boiling ii. Evaporation iii. Sublimation

Evaporation:

Evaporation, wherein the fransition from liquid phase to gas phase takes
place below the boiling temperature at a given pressure, andg it occurs on the

surface,

COOLING IN REFRIGERATORS

Cooling 15 produced In refngerators evaporction of a liquefied gas. This
produces cooling effect. Freon, a CFC, was used as a refrigerctor gas. But its use
has been forbidden when it was known that CFC is the cause of ozone depletion
N the upper atmosphere which results increase in amount of UV rays from the Sun.
The rays are harmful to all iving matter. Freon gas is now replaced by Ammonia

and other substances which are not harmiul to the environment.

Q21: Define thermal expansion.

Ans: Thermal expansion:
Thermal expansion i1s the tendency of matter to change in volume In

response to a change in temperature.
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On hecting, the amplitude of vibration of the atoms and molecules of an
object increases. They push one another farther oway as the amplitude of
vibration increases. Thermal expansion results an increase in length, breadth and

thickness of @ substance.

Q22. Derive the relation for linear thermal expansion in solids.
OR
Showthatl=L,(1+ac AT)?

Ans: Linear thermal expansion in solids:
Consider a metal rod of length L, at certain temperature T,. Let its length

on heating to a temperature T becomes L Thus
Increase in length oftherod=AL=L-L,
Increase in temperature =AT=T1-T,

It is found that change in length A L of a solid is directly proportional to its onginal
length L,, cnd the change in temperature A 1. That is;

Alx L, Al
or AL=Salyg AN .cessoss. (i)
or L-L,= al, Al
or L=Lo+ al, Al
or L=Lo (1O AT) caseeisens (i)

where a is called the coefficient of linear thermal expansion of the

substance.

From equation (i), we get

Al
o= == (i)

Coefficient of linear expansion «:
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We can define the coefficient of linear exponsion a of a substance as the

fractional increcse in its length per kelvin nse in temperature.

2

3. Give coefficient of linear thermal expansion of some common solids.

>

ns: Table gives coefficient of inecr expansion of some commaon solids.

Coefficient of linear expansion (a) of some common solids.

=

—~
=
St

Aluminum 2.4 x 107>

Bross 1.9 x 10°°

Copper 1.7 x 107>

Steel ).2'%x 10™

Sitver 1.93 x 10-?
Gold 1.3x 1077
Platinum 8.6 x 107"
Tungsten

Gloss [pyrex)
Glass [ordinary)

Concrete .2 x 10"

Q24. Explain the volumetric thermal expansion.
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OR

Derive the relation for volume thermal expansion in solids.
OR

Showthat V=V, (1+BAT)?

Ans: See Q # 8.7 from Exercise.

Q25. Give the values of B for different substances?

Ans: Values of B for different substances are given in Table

Coefficient of volume expansion of various substances.

Substance

Aluminum

BrQss

Copper

Steel 3.6x10°°

Plotinum 27.0 x 105

Glass (ordinary) 2.7% 107

Glass [pyrex) 1.2% 10~°

Glycerine 53:% 1072

Mercury

Water
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Alr 3.67 x 1073

Carbon dioxide 3.72 x 1073

Q26. Why gaps are left in railway tracks?

Ans: Gapes are left inrailway tracks to compensate thermal expansion durnng
hot season. Raillway tracks buckled on a hot summer day due to expansion if

aps 1S Not left between sections.

Q27. Why gaps are left in bridge with rollers?

Ans: Bndges made of steel grders also expand during the day and contract
durnng night. They will bend if their ends are fixed. To allow thermal expansion,
one end is fixed while the other end of the girder rests on rollers in the gap left for

expansion.

Q28. Why overhead transmission lines (wires on electric poles) are also given a
certain amount of sag?

Ans: Overhecd tfransmission lines cre also given a certain amount of sag so

that they can contract in winter without snapping.

Q29. List the application of thermal expansion?

Ans: Application of thermal expansion:
1. Inthermometers, thermal expansion 1S used In temperature

measurements,
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2. To open the cap of a bottle that is tight enough, immerse 1t in hot water
for @ minute or so0. Metal cap expands and becomes loose. It would now
be easy to turn it to open,

3. To join steel plates tightly tocgether, red hot nvets are forced through holes
N the plates. The end of hot nvet 1s then hammered. On cooling, the nvets

contract and bnngs the plates hghtly gnpped.

4. Iron nms are hixed on wooden wheels of carts. Iron nms are healed.

Thermaol expansion alliows them to slip over the wooden wheel, Water s

poured on it to cool. The nm contracts and becomes tight over the wheel.

Q30. Explain that the bimetallic strip used in thermostat is based on different
rate of expansion of different metals on heating.

Ans: Bimetal strips:
A bimetal sinp consists of two thin stnps of ditferent metals such as
brass and won joined together. On heating the stnp, brass expands more than

iron. This unequal expansion causes bending of the stnp,

Birmmotal strip. Colg
— = ——

Birmetal strigpp . hot

(a) A bimetal stnp of brass and iron
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(b) Bending of brass-iron bimetal stnp on heating due to the difference in

their thermal expansion.
Uses of bimetal strips:

(i) Bimetal thermometers are used to measure temperatures especially in
furmaces and ovens.

(if) Bimetal stnps are also used in thermostats.

(iil) Bimetal thermostat switch such is used to control the tempercture of

hegter coil in an electnc iron.

DO YOU KNOW

Anomalous expansion of water:
Water on cooling below 4°C begins to expand until it reaches 0°C. On

further cooling iIts volume increases suddenly as it changes into ice at 0°C. When
ice is cooled below 0°C, it contracts i.e. its volume decreases like solids. This

unusual expansion of water is called the anomalous expansion of water.

Q31. Why the coefficient of volume expansion of liquids is greater than solids?

Ans: The molecules of liquids are free to move in all directions within the liquid.
On heating, the average amplitude of vibration of its molecules increases. The
molecules push each other and need more space to occupy. This accounts for
the expansion of the liquid when heated. The thermal expansion In hquids is
greater than solids due to the weak forces between their molecules. Therefore,

the coefficient of volume expansion of liquids is grecter than solids.

Liquids have no definite shape of their own. A liquid always attains shape of
the container in which it is poured. Therefore, when a liquid is heated, both liquid

and the container undergo a change in ther volume.

www.topstudyworld.com



www.topstudyworld.com Physics

Q32. Explain thermal expansion of liquids
OR
Differentiate between real and apparent expansion of liquid?

Ans: Thermal expansion of liquids:
Thus, there are two types of thermal volume expansion for liquid
e Apparent volume expansion
e Real volume expansion

Activity:
Take ¢ long-necked flask. Fill it with some colored liquid up to the mark A on

its neck as shown in figure. Now start heating the flask from bottom. The liquid level

first falls to B and then nses to C.

The heat first reaches the flask which expands and ifs volume increases. As
a result, liquid descends in the flask ond its level falls to B. After sometime, the
iquid begins to nse above B on getting hot. At certain temperature it reaches ot
C. the nse in level from A to C is due to the apparent expansion in the volume of

the liquid. Actual expansion of the liquid is greater than that due to the expansion
because of the expansion of the glass flask. Thus, real expansion of the liguid is

equal 1o the volume difference between A and C in addition to the volume

expansion of the flask. Hence

Real expansion Apparent expansion Expansion of the
of the liquid = of the flask = iquid
or BC = AC + AB (1)
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The expansion of the volume of ¢ iguid taking into consideration the expansion
of the container also, i1s called the real volume exponsion of the iquid. The real
rate of volume expansion g, of a liguid is delined as the actual change in the
unit volume of a liquid for 1K (or 1°C) nse in its temperature. The real rate of
volume expansion f, is always greater than the gppcarent rate of volume
expansion f, by an amount equal to the rate of volume expansion of the

containerg,. Thus

f

|
RS

4
R

It should be noted that different liquids have different coefficients of volume

expansion,

SUMMARY
1. Temperature: The temperature of g body is the degree of hotness or
coldness of the body.
2. Thermometers: Thermometers are made to measure the temperature of @
body of places
3. Position of mercury: The lower of fixed point is the mark that gives the

position of mercury in the thermometer when it is ploced in ice.
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4. Point of mercury: The upper fixed point is the mark that shows the point
of mercury in the thermometer when it is placed in steam from boiling
water gt standaord pressure

5. Inter- conversion between scales:

6. From Celsius to Kelvin Scale: 1K) =2/3+C

7. From Kelvin to Celsius Scale: C= T(K)-2/3
From Celsius to Fahrenheit Scale: F = 1.8C + 32

8. Heat: Heat is ¢ form of energy and this energy is called heat as long as it
IS 1N the process of transter from one body to another body. When a body
IS heated, the kinetic energy of its molecules increases, the averacge
distances between the molecules increase.

9. Specific heat: The specific heat of a substance is defined as the amount
of heagt required to raise the temperature of g unit mass of that substance
through one degree centigrade (1°C) or one kelvin (1K).

10. Latent heat of fusion: The heat reguired by unit mass of a substance ot its
melhing point to change it from solid state to iquid state is called the
lotent heat of fusion.

11. Latent heaot of vaporization: The quantity of heat required by the unit
mass of a liquid at a certain constant temperature to change its state
completely from liquid into gas is called the latent heat of vaponzation.

12. It has been observed that solids expond on heating and their expaonsion 1S
nearly uniform over a wide range of tempercture. Mathematically,

L=Lo (1+ Q AT)

13. Thermal coefficient of linear expansion a: the thermal coetficient of
inear expansion a of a substance 1s defined as the fractional increase in
its length per kelvin nse In temperature.

14. Volume or cubical expansion: the volume of ¢ solid changes with the

change in temperoture and is called as volume or cubical expansion,
V=V, (1+BAT)
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15.Thermal coefficient of volume expansion B: The Thermal coefficient of
volume expansion B is defined as the fractioncl change in its volume per
kelvin change in temperature.

16.Types of thermal volume expansion for liquid: there are two types of
thermal volume expansion for liquids as well as for gases. Apparent

volume expansion and real volume expaonsion.
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