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HEAT TRANSFER

Transmission of heat
Heat can be transmitted from one place to another by three different mechanisms:

1. Conduction is the process of transmission of heat in a body from the hotter part to the colder part
without any bodily movement of constituent atoms or molecules of the body.

2. Convection is the process of transmission of heat in a body from hotter pa part

3. Radiation is the process of transmission of heat from one body to a
electromagnetic waves even through vacuum, irrespective of their temperature
reaches the earth by radiation.

Conduction
In steady state the amount Q of heat flowing in t seconds is given by: , where (01 - 07) is

the temperature difference across a rod of length d and cros
of rod.

is thermal conductivity

reached, when the temperature of each cros teady. Thls state is known as steady
state. In this state, no heat is absorbed by the

Coefficient of thermal conductivity (K): Fo erfect ¢onductor of heat K is infinite and for a perfect

conductors than gases. Metals are

Thermal Resistance : i virtue of which a conducting body oppose the thermal

Similar to current effecti resistance of series combination is given by R=R; +R;

. . 1 1 1
ective tHermal resistance —=—+—

For parallel comhina
Rl RZ

, the ratio of thermal conductivity (K), to electrical conductivity (o) is constant,
.e,, a substance which is a good conductor of heat (e.g, silver) is also a good

tical rods of different metals are coated with wax and one of their end is put in boiling
water, then in steady state the square of length of the bar over which wax melts is directly proportional
to thermal conductivity of metal i.e. K oc L2

Growth of ice on lakes

Water in a lake starts freezing if the atmospheric temperature drops below 0°C. Let y be the thickness of
ice layer formed in the lake at any instant t and atmospheric temperature is - 6°C. Then time taken by

ice to grow a thicknessy is t= ZP_IL_eyZ' where L = latent heat of ice; K = thermal conductivity of ice and p
= density of ice.
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1. It follows from the above equation that time taken to double, triple the thickness will be in the ratio
of
tiitpity::12:22:32 de, ty:tyitz3 2 1:4:9
2. And the time intervals to change the thickness from 0 to y, from y to 2y and so on will be in the ratio
At Aty s Atz @ (12-02) @ (22-12) : (32-22), ie., Ati:Atp: Atz 2 1:3:5
Convection

Convection requires a medium and is the process in which heat is transferred from one place to other

by actual movement of heated substance (usually fluid).

The type of convection which results from difference in densities is called natural convection (for

example, a fluid in a container heated through its bottom). However, if a heated fluid i d to move

by a blower, fan or pump, the process is called forced convection.

1. In case of natural convection, convection currents move warm substanc
substance downwards. This is why heating is done from base, while cooling fifom the top

2. Natural convection is not possible in a gravity free region such as a freely fa onancorbiting

satellite.

cool

Radiation

The process through which heat is transferred directly from one bo out requiring any

medium is called radiation. Heat from the sun reaches the earth b . iation is the fastest

mode of heat transfer from one place to another as in this mode heat energy Is propagated at speed of

light.

1. All the bodies radiate energy at all temperatures and at all
be stopped but can be minimised.

2. Radiation does not affect the medium through

3. Rough and dark (i.e.,, black) surfaces are
good reflectors of heat radiations.

Glass and water vapours have the pro

to another, wi

iation from a body can never

g time to the total radiant energy of that wave incident in the same time on
a unit length range. It is represented by a;,.

r a given surface it is defined as the radiant energy emitted per sec per unit
s W/mz2,

2. Emissive power of a surface depends on its nature and temperature.
3. Itis maximum for a perfectly black body and minimum for a smooth shining body.

Kirchhoff’s law : According to Kirchhoff's law, the ratio of emissive power to absorptive power is same
for all surfaces at the same temperature and is equal to the emissive power of a perfectly black body at
that temperature.

1. If a and e represent absorptive and emissive power of a given surface while A and FE perfectly black
body, then e/a = E/A. For a perfectly black body, A =1, e/a = E.
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For a particular wavelength, e, /a; = E), Since, E;, is constant at a given temperature, hence according
to this law, if a surface is a good absorber of a particular wavelength, it is also a good emitter of that
wavelength

3. Sand is rough and black, so it is a good absorber and hence in deserts, days will be very hot. Now in
accordance with Kirchhoff's law, nights (when sand emits radiation) will be cold.

4. Fraunhofer lines are dark lines in the spectrum of the sun. When white light emitted from the
central core of the sun (photosphere) passes through its atmosphere (chromosphere) radiations of
those wavelengths will be absorbed by the gases present there which they usually emit (as a good
emitter is a good absorber) resulting in dark lines in the spectrum of sun,

5. Ared piece of glass appears red as it reflects red and absorbs all other radiations ingidenton it. So, if

a piece of red glass is heated to incandescence, it will reflect red end and wi

glow with emission of radiations complementary to red (or white defici
bluish).

Stefan's law: According to it, the radiant energy emitted by a perfectly bl
i.e; emissive power or radiancy or intensity of black body radiatio
fourth power of its absolute temperature, i.e., R c T4 or R = cT*
having and value 5.67 x 10-8 W/m2K+*.

If a body is not a perfectly black body, then R = ecT4, where
and has value 0 < ¢ < 1 depending on the nature of surface. It h

ivity or relative emittance
dimensions.

Newton's law of cooling: According to Newton's lawfof cooling, =K(©0-6,) with {K = 8A—64T0 }
mc

i.e, rate of cooling of a hot body is directly pr rature difference between the body

and its surroundings provided the temperatu t much higher than the surroundings

If 0 = 0y, (dO/dt) = 0, i.e,, a body can never békooled to a temperature lesser than its surroundings by
radiation.

If a body cools by radiation from 6

02)/2 Newton's law of cooling

e of surroundings, i.e., 6, in time intervals t; and t; respectively,
K C t

=—L  or G _bfkel
K, c, t, c

ment [aw: The quantity of energy radiated out by a body is not uniformly distributed
\ emitted by it. It is maximum for a particular wavelength (1), which is different
peratures. As the temperature is increased, the value of the wavelength which carries
is decreased.

Accordi is law, wavelength corresponding to maximum energy is inversely proportional to the
absolute temperature of the body, i.e.,, Am o< 1/T or AmT = constant.

Thermometry and Thermal Expansion

Temperature
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Temperature is measure of degree of hotness or coldness of a body. Temperature of a body is directly
proportional to the kinetic energy of the random motion of the molecules or atoms of the substance.
The natural flow of heat is from higher temperature to lower temperature.

1. Two bodies are said to be in thermal equilibrium with each other when no heat flows from one body
to the other, i.e,, when both the bodies are at the same temperature.

2. Temperature of a body cannot be lowered up to any extent while it can be raised up to any value.
Theoretical lowest temperature is considered to be absolute zero. Highest possible temperature
achieved in laboratory is about 108 K while lowest possible temperature attained is 10-8 K.

K, is known
called as

3. Branch of physics dealing with production and measurement of temperatures close t
as cryogenics while that dealing with the measurement of very high temperatres 1
pyrometry.

Different types of temperature scales

Fahrenheit, Reaumer, Rankine, etc. Temperature on one scale can be conv
the following identity:

Reading- Lower Fixed Point

- - - — =Constant
UpperFixed Point - Lower Fixed Point

Thermometry

In thermometry, two arbitrary fixed points, ice apd steam
ius scale, FP of water is assumed to
een them is divided into 100 equal
parts. So, if the thermometric properties C, 100°C and t¢°C are xo, x100 and x
respectively then.

tc-0  X—Xg
100-0

The thermometric property x
volume; (c) volume of gas at

Thermal expansion

When heat is supplie

prinimum in case of solids but maximum in case of gases because
aximum in solids but minimum in gases.

e three types of thermal expansion, i.e., one-dimensional (linear expansion),

Coefficient of linear expansion a is defined as the increase in length per unit length per unit degree rise
in temperature.

Lt_LO

a=———, hence L,=L,(1+at),
Lot t O( )
Although o is defined with respect to Lo, it is usually very small and hence may be expressed without
much error by the equation o= Lol
L1 (tZ - tl)
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Coefficient of superficial expansion

Coefficient of superficial expansion 3 is defined as the increase in area per unit area per unit degree rise
in temperature.

BzAtA;O’t%’ hence A, =A,(1+pt)

Although B is defined with respect to Ay, it is usually very small and hence may be expressed without
much error by the equation B= A=Ay

Al (t2 - tl)
Coefficient of cubical expansion
Coefficient of cubical expansion v is defined as the increase in volume per unit vol@e gree
rise in temperature. y= Vt\/_otvo , hence V, =V,(1+1t)
Although v is defined with respect to Vy, it is usually very small and henge may be e sed without
much error by the equation Y= VomVi

Vl (t2 - tl)
Variation of density with temperature
If dp and d;, be the densities of the material of a body at 0°C an en

do/dc = (1 +vt), where y is the mean coefficient o icaljexpansion of the material of the

body.

Expansion of liquids
Liquids also expand on heating just like solids! Since liqui e no shape of their own they suffer only
volume expansion. A liquid is always taken in @vessel forjheating. So, if a liquid is heated, the vessel also
gets heated and hence both liquid and vessel e expansion of liquid is much greater than that
of vessel, still the observed expansion is less tha actual expansion it had. Hence, there are two
coefficients of expansion in case of : Coefficient of real expansion, y.. and Coefficient of apparent
expansion y, are given by

real increase in volume

Yr r— —
iginal volume xrisein temperature

apparentincrease in volume

a~ . . .
original volumexrise in temperature

1. i Ya=Yr— Ys Where ys is the coefficient of cubical expansion of the solid
2. iquid in vessel will rise on heating

3. of the liquid in vessel will fall on heating

4, of the liquid in vessel will remain same

Some points

1. a:PB:y=1:2:3., Hence, for same rise in temperature,
percentage change in area = 2 x percentage change in length  and
percentage change in volume = 3 x percentage change in length.

2. The three coefficients of expansion are not constant for a given solid. Their values depend on
temperature range in which they are measured.

3. The values of a, B and y are independent of units of length, area and volume respectively.
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For anisotropic solids, y = ax + o, + o, where oy, oy, o, represent the mean coefficients of linear
expansion along three mutually perpendicular directions.

5. Ifthere is a hole in a plate (or cavity in a block), the area of hole (or volume of cavity) will increase
when plate (or body) expands on heating, just as if the hole (or cavity) were solids of the same
material.

6. If coefficients of linear expansion of the materials of two rods are in the inverse ratio of their initial
lengths, then the difference between lengths of two rods remains constant at all temperatures, i.e.,

(ou/az) = (Lz/La).

Anomalous expansion of water

Generally matter expands on heating and contracts on cooling. In case of water, it expafids on heating if
its temperature is greater than 4°C. In the range 0°C to 4°C, water contracts on he

H;0, (H20)2 and (H20)3 having different volume per unit mass and at
properties in water are different.

1. At 4°C, density of water is maximum while its specific volume is
Effect of linear expansion on pendulum clocks

e is increased to 0’, then

()

ncrease. In a time ‘t’ a clock

Suppose a pendulum clock gives proper time at temperature\g
due to linear expansion, length of pendulum and hence its tim

will lose time by: = coefficient of linear

expansion of pendulum
(a) Hence, time lost by the clock in a day , 1) o AB (86,400) = 43200 o AB sec
(b) Clock will gain time, i.e., clock will bec

(c) Since a for invar is very s
all seasons.

Generation of thermal stres,

When a rod, whose end
change in temperatur

consists of two strips of equal length but of different metals, riveted together keeping
r. When such a bimetallic strip is heated, it bends with metal of greater a on outer
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Thermal Expansion, Thermometry, Heat Transfer Assignment

1. Two spheres of the same size are made of the
same material but one is hollow and the other is
solid. They are heated to the same temperature.
Then
(@) both the spheres will expand equally
(b) the hollow sphere will expand more than the
solid one

(c) the solid sphere will expand more than the
hollow one

(d) no conclusion can be drawn about their
relative expansions unless the nature of the
material is known.

2. A metal sheet with a circular hole is heated. The
hole will
(a) contract
(b) expand
(c) remain unaffected
(d) contract or expand depending on the value of

the linear expansion coefficient.

3. Given coefficient at linear expansion for brass (
=18 x 10° /° C and that for iron (o) = 12 x
6/°C. what lengths of brass (l,) and iron (I;) shou
be taken so that the difference between them may
always remain 0.1 m for any sgwariation in
temperature ?

@ Ilp=0.3m.; l;=0.4m
(b) lIb=0.4m; l;=0.3m
(© 1b=0.2m;1;=0.3m
(d) l,b=0.3m; ;=0.2m

Ii;quid of coefficient of cubical
a container having coefficient of
ion o/3, the level of liquid in the

container will

(@) rise

(b) fall

(c) remain almost the same.

(d) rise or fall depending on the density of the
liquid.

6. The coefficient of apparent expansion of a liquid
is C when heated in a copper vessel and is S when
heated in a silver vessel. If A is the coefficient of
linear expansion of copper, then that of silver is

10.

11.

12.

13.

C+S-3A C+3A-S
@ (b)
3 3
S+3A-C C+S+3
c d
(© 3 (d) 3
A block of wood is floatj
certain volume V

temperature of wat

dthen increase
then decrease.
of a metal changes by 0.12%
rough 20°C. The coefficient of

.0x 10” per °C
iron tyre is to be fitted on a wooden wheel 1.0 m
in diameter. The diameter of the tyre is 6 mm
smaller than that of the wheel. The tyre should be
heated by a temperature of (coefficient of volume
expansion of iron is 3.6 x 10°/°C)

(@) 167°C (b) 334°C (c) 500°C (d) 1000°C

A steel rod of length 25 cm has a cross-sectional
area of 0.8 cm®. The force required to stretch this
rod by the same amount as the expansion produced
by heating it through 10°C is (coefficient of linear
expansion of steel is 10 /°C and Young's modulus
of steel is 2 x 10 N/m?)

@40N (b)8ON (c)120N (d) 160N

A flask is filled up to the 50 cm® mark with mercury
at temperature 28°C. If the flask and the contents are
heated to 48°C, the volume of mercury above the
mark will be (coefficient of linear expansion of
glass = 9 x 10 /°C. coefficient of real expansion of
mercury = 180 x 10°/°C)

(@) 0.15cm® (b) 0.25 cm® (c) 0.3 cm*®  (d) 0.5 cm®
A second's pendulum gives correct time at 25°C.
The pendulum shaft is thin and is made of steel.
How many seconds will it lose per day at 35°C ?
(0steert = 11 x 10° /°C)

(@) 1.75s (b) 255 (c) 3.5s (d) 4.75s

On a thermometer, the freezing point of water is
marked as 20° and the boiling point of water is
marked as 150°. A temperature of 60°C will be read
on this thermometer as
(a) 40° (b) 65°

(c) 98° (d) 110°
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14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

The temperature at which both the Fahrenheit and
the Centigrade scales have the same value is

(a) 40° (b) - 40° (c) 20° (d) - 20°
The gas thermometers are more sensitive than the
liquid thermometers because gases

(@) expand more than liquids

(b) do not change their states easily

(c) are much lighter

(d) are easy to obtain.

A constant volume gas thermometer shows
pressure readings of 50 cm and 90 cm of mercury
at 0°C and 100° C, respectively. When the
pressure reading is 60 cm of mercury, the
temperature is

(@) 25°C (b) 40°C (c) 15°C (d) 12.5°C

Of the following thermometers, the one which can
be used for measuring a temperature of the order
of 5000°C is

(a) constant volume gas thermometer

(b) radiation pyrometer

(c) vapour pressure thermometer

(d) platinum resistance thermometer.

Four rods of the same material but different radii
(r) and lengths (I) are used to connect two
reservoirs of heat at different temperatures. The
one which will conduct most heat is
@r=2cm,1=05m  (b)r=2cm,I=2m
©r=1cm,I=1m  (d)r=0.5cm, 1 =0.5m
Two vessels A and B of different materials a
similar in shape and size. The same quantity of i
filled in them melts in times t; and t,, respectivel
The ratio of the thermal conductivities of A and

is

@ttt MLt ©t’:t’ @t
One end of a thermally insulated cop
Iong and havmg area of cr

tivities K; and K, are joined in
quivalent thermal conductivity of
ation is

(a) KiKo/K 1 +K; (b) Ki + Ky

(€) (K1 +Kyp)/2 (d) (KiKp)™

Two identical rods of the same material are joined
in series. Under a temperature difference, a certain
quantity of heat flows through the combination in
4 minutes. If the two rods are joined in parallel,
the same quantity of heat will flow through the
combination under the same temperature
difference in

@ 1min (b)2min (c)8min (d) 16 min

24,

25.

29.

30.

31.

32.

Two slabs A & B having lengths 1, and I,
respectively, and same cross-section have thermal
conductivities K; and K, respectively. They are
placed in contact and a constant temperature
difference is maintained across the combination.
The ratio of the quantities of heat flowing through A
and B in a given time is

S PR
(c) Kily 1 Kol (h1:1

Thermal conductivity of a plate de

(a) the temperature difference
sides

(b) the thickness of the p

and the outside temperature is

(@43°C (b)-23°C (c)23°C (d)0°C

A sphere, a cube and a thin circular plate, all having

the same mass and made of the same material are

heated to the same temperature and then allowed to

cool. Which of them cools fastest?

(a) sphere (b) cube

(c) circular plate (d) all at the same rate.

A black body at a high temperature T K. radiates

energy at the rate of E W/m?. When the temperature

falls to T/2 K, the radiated energy in W/m? will be

@EM4 ()E2 (c)2E  (d)E/16

A black body at 227°C radiates heat at the rate of 5

cal/cm?s. The rate of heat radiated in cal/cm?/s at

727°Cis

(@40 (b)80 (c)160 (d)240

A piece of blue glass heated to a high temperature

and a piece of red glass at room temperature are

taken inside a dimly-lit room. Then

(a) the blue piece will look blue and the red piece
will look red as usual

(b) both the pieces will look equally red

(c) the blue piece will look brighter red as
compared to the red piece

(d) both the pieces will look red but the blue piece
will be dimmer

A body cools from 85°C to 80°C in 5 minutes. The

time taken to cool from 80°C to 75°C is

(@) less than 5 minutes

(b) 5 minutes

(c) more than 5 minutes
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(d) less or more than five minutes depending on
the nature of the body.

33. Theend A of arod AB of length 1m is maintained
at 80°C and the end B at 0°C. The temperature at a
distance of 60 cm from the end A is
(@)16°C (b) 32°C (c)48°C  (d) 64°C.

34. Rods of copper, brass and steel — °% re
are welded together to form a Y-
shaped figure as shown. The s Brass

cross-sectional area of each rod
is 4 cm?. The end of the copper
rod is maintained at 100°C and
the ends of the brass and the
steel rods at 0°C. The lengths of e

the copper, brass and steel rods are 46 cm. 13 cm
and 12 cm., respectively. The temperature of the
junction point F in steady state is (K = 0.92,
Khrass = 0.26, Kgeer = 0.12 in cal/s/cm/°C)

(@) 20°C (b) 30°C (c) 40°C (d) 600C.

35. A body, having a surface area of 5.0 cm?, radiates
300 J of energy per minute at a temperature of
727°C. The emissivity of the body is (Stefan's
constant = 5.67 x 10° W/m*/K*)

(@0.09 (b)0.18 (c)0.36 (d)0.54
36. A piece of metal and a piece of wood are kept at a
temperature of 45°C. On touching the two with
hand
(@) the two will appear equally hot
(b) the piece of wood will appear hotter than t
piece of metal

(c) the piece of metal will appear hotter than t
piece of wood

(d) the distinction in the hotness_will not be
possible.

37. A partition wall has two layers A
contact, each made of a di
have the same thick

(d) 40K
gre is 30° C, a body
4 minutes. The time

(©5 (d)8
39. el heated to

in a room to :}
cool. of the curves E
shown in the figure ° N
represents the decrease of S
temperature with time ?
(@ A (b)B T ——

(c)C (d) None

40. If the wavelengths of maximum intensity of
radiations emitted by the sun and the moon are 0.5
x 10° m and 10*m, respectively, the ratio of their
temperatures is
(a) /100 (b) /200  (c) 100  (d) 200

41. The figure shows two Bulb
air filled bulbs X and s
Y connected by a U-
tube partly filled with
alcohol. X is painted
black while Y is 2 2
painted white. An oo, Aol oo
electric bulb B is placed midway between X and Y.
When B is lighted the level of alcohol in
(a) X falls and that in Y rises
(b) Y falls and that in X rises
(c) both X and Y falls
(d) both X and Y rises.

42. If the temperature of a h
50%, the amount of radi
approximately by
@) 225% (b)

0 ed by
n emitted by it ingreases

d) 500 %

1la,2b,3 5 ,8a,9¢,10d ,11a,12d ,13c,14b

,15a,16a ,3¢b ,18a y19b ,20b ,21d ,22¢ ,23a ,24d ,25d
,26a,27b ,28¢ ,29d ,30b ,31c ,32c¢ ,33b ,34c ,35b ,36¢C

7b ,38b \393%740d ,41a, 42¢
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