TRANSEER OF HEAT

o T T L T LT T

‘ = Title Page No.

9.1 Transfer of Heat 332
Conduction
9.2 e Thermal Conductivity 332
e Use of Conductors and Non-conductors
Convection
e Convection Currents in Air
9.3 e Land and Sea Breezes 341
e Gliding
Radiation
9.4 e Emission and Absorption of Radiation 346
e Green House Effect
9.5 Application and Consequences of Radiation 348
Text Book Exercise
- e Multiple Choice Questions ™ -;5';2
e Exercise Questions =0
e Numgiical Prosilems
* | Belfest | ) 356

PHYSICS-9

331



UNIT-9 Transfer of Heat

TRANSFER OF HEAT
CONDUCTION

Q.1. Whatis Conductlon’) Expl.—,ln f'“ P! adess ar c V\I’I"e 'hvm it us&ge in our daily life.
(K.B+U.B:7 B) A\
Ans: Yo _' " LD A# X

Definitior: ' '

“The made Of ren fer of heat by vibrating atoms and free electrons in solids
{roen hot tG ¢old'parts of a body is called conduction of heat™.
xarngier
Transfer of heat from one part of a solid rod to its another part is due to conduction.
Conduction takes place only on solids because only in this state of matter atoms are very
close to each other and can interact each other by their vibrations.
Conduction Process:
In solids, atoms and molecules are packed close together. They continue to vibrate
about their mean position. When one end of the solid is heated then the atoms or
molecules present at that end begin to vibrate more rapidly. They also collide with
their neighboring atoms or molecules. In doing so, they pass some of their energy to
neighboring atoms or molecules during collisions with them with the increase in their
vibrations. These atoms and molecules in turn pass on a part of the energy to their
neighboring particles. In this way some heat reaches the other parts of the solid. This
is slow process and very small transfer of heat takes place from hot to cold parts in
solid as shown in the figure:

Heat energy flow
Hot —» Cold

(b)
Figure:  Transfer of Heat in Solids

Speed of Conduction in Metals and Non - ifetals: | | | L A0~ -
Metals have free electronsias showis in f=gure belo Vi \ " [ -
D0\ (T a e ool
5 b2 AN il
A e "r ¢ BT e o, @‘@@@)@@@f")
M L4 -ﬁ.... __.LI C-. "L- o i &J@@@{)&)(g()’
. __|'\.__.I._..I . ’ "’L‘ ’L- o L.'r KJ ( (r
A J I.-.".I [ %] % ~ free electron . postive lon -&Mj %M’& } ‘3”
A (a) (b)
Figure:  Conduction of Heat in Metals
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0.2
Ans:

These free electrons move with very high velocities within the metal objects. They carry energy

at a very fast rate from hot to cold parts of the objects as they move. Thus, heateaches thn oaid |

parts of the metal objects from its hot part much more qwcklythan NSy 'tae
Usage in Household Crockery: - - ¢ —
The handle of metal spoan-held in_hot \waterisaor, giis werm. ‘But/in“case of wooden
spoon handle does not get Warsi (Boih the faterils’ Lehave-difie/ently regarding the
transfer-7 ficat. Rotk-inetalsvand hoh mef Is congidct heat. Metal are generally better
conductaisithan nea-nie aI

Bad CancLctais:)

Al [rhetals| ére! ¢otd-conductors of heat. The substances through which heat does not
:-:('md_JLfT easily are called bad conductors or insulators. Wood, cork, cotton, wool, glass,
rubber etc. are bas conductors or insulators.

Define rate of flow of heat and explain factors affecting it. (K.B+U.B+A.B)(GRW 2015)

RATE OF FLOW OF HEAT

Definition:
“The amount of heat that flows in unit time is called the rate of flow of heat.”
Formula:

Rate of flow of heat = %
Unit:
The unit of rate of flow of heat is Joule per second (Js™*) that is also called “Watt”
Explanation:

Conduction of heat occurs at different rates in different materials. In metals, heat flows
rapidly as compared to insulators such as wood or rubber. Consider a solid block as
shown in the figure:

L /A
Length sectioril

area

T, T,
w Highi
emperature Temperature

- | . S

Figure: Rate of .,orfductanc!, of -G at! Th ‘oul h Soh ds

A Sl — = ===

One of its two opposite fae e< eich f)f cro s - ce"tm-.al a (:H A is hm‘ted to a temperature
T,. Heat Q ﬂows CI-O_I'[*— angth J\o )ppwfe Faceat ‘temperature T in t seconds.

DependZince:
It is_observid| that he mh at wh|ch heat flows through a solid object depends upon

3 \'al |OJS1’1C|J

i ¢/ r3s sectional area of the solid
e Length of the solid
e Temperature difference between ends
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Q3.

A b
e r\:"]!). k
SRR

Cross Sectional Area of the Solid:

Larger cross sectional area A of a solid contains larger number of melzzules and-fieg
electrons on each layer parallel to its cross sectional area and H°nr e g'ﬂa ar \wil| be fi e
rate of flow of heat through the solid. . \

Thus, Rate of flovi/ ¢f heat : oA

Larger = +I e eng T, bet\, reer) the ho+ ar.d cold ends of the solid, more time it will take to
conduct hear to the, c_vIUe eau-and smaller will be the rate of flow of heat.

1, ' TRate of flow of heat = % oc%

'i'emperature Difference Between Ends:

Greater is the temperature difference T, — T, between the hot and cold faces of the solid,
greater will be the rate of flow of heat.

Thus Rate of flow of heat % o (T, - T,)

Combining above factors, we get

9 oc A(Tl _Tz)
t L
Rate of flow of heat Q = @

Thermal Conductivity:

Here k is the proportionality constant called thermal conductivity of the solid. Its value
depends on the nature of the substance and it is different for different materials. Value of
k can be found as:

Q. L
t A(T,-T,)

The thermal conductivity of the substance can be defined as:
“The rate of flow of heat across the opposite faces of a meter cube of a substance
maintained at a temperature difference of one Kelvin is called the thermal conductivity of
that substance” -
Unit of Thermal Conductivity:

The unit of thermal conductivity is Watt per metre per Kelyiir J\/n .K 1\

Examples: . \
Thermal conductivity of s¢ma comir""n sUbstae e L- a¢ Jol! ows)

o Aluminum 245 Wiy LF R

e Cohpst, | — ’10\//n‘

e Waier '_ ARE nr9v1nf

Dafine end qxplaun thermal conductlwty (K.B+U.B+A.B)

N\ THERMAL CONDUCTIVITY

Sefinition:
“The rate of flow of heat across the opposite faces of a meter cube of a substance

maintained at a temperature difference of one Kelvin is called the thermal conductivity of
that substance”.
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Formula:
k=Q, L K
t A(_Tl—TZ)
Unit: - - \ ' _
The unit of thermal conducfmt\ % Nut p=r *ntt (e wrl«elwn W K.
Expla r.atnn v

Conducziar, of thedr, occurs et dl‘fel’-“‘f rates in different materials. In metals, heat flows
rapidly ‘as' corapared to in<uiators such as wood or rubber. Consider a solid block as
<hann i the figure:

L A
*|cross
Length sectional
area
T T
w High|
emperature Temperature

Figure: Rate of Conductance of Heat Through Solids

One of its two opposite faces each of cross — sectional area A is heated to a temperature
T;. Heat Q flows along its length L to opposite face at temperature T, in t seconds.

We can explain thermal conductivity by explaining rate of flow of heat.

Rate of Flow of Heat:

“The amount of heat that flows in unit time is called the rate of flow of heat”.

Formula:

Rate of flow of heat = Q
Unit:

The unit of rate of flow of heat is Joule per second (Js™) that is also called “Watt”
Dependence:

It is observed that the rate at which heat flows through a solid object depends upon
various factors.

e Cross sectional area of the solid —
e Length of the solid = e TN
* Temperature difference between ends T\ L A W (oo~
Cross Sectional Area of the Solic.: ./ . ' A o

Larger cross sectional areq /A @i ja sql| d ccntams Iargn rur..uér of! 'molecules and free
electross, in each tayer pal aliel 0 its 'crose ce_cnu. dl area and hence greater will be the
rate of B of 1ek v*hrmgi uheé:)q‘é

Q

Thus | J-‘\atv of *Iow of heat t_ o« A

' l|.=r1 tri of the Solid:

Larger is the length between the hot and cold ends of the solid, more time it will take to
conduct heat to the colder end and smaller will be the rate of flow of heat.
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Transfer of Heat

Q.4.
Ans:

Q

Thus, Rate of flow of heat = T oc %

Temperature Difference Between Ends:

"\-\.

Greater is the temperature difference T; — Tz bph've s the Iot 4nid ¢olld faczs.0f e SO|Id
greater will be the rate of fiow of hiaz:. \

Thus, — 7\ Rate of-ficw ol hesit % (R 1LY
|\ combir irng aove faciors, we get
LR AT,
t L
Q kA(Tl _Tz)

hate of flow of heat n =

L

Thermal Conductivity:

Here k is the proportionality constant called thermal conductivity of the solid. Its value
depends on the nature of the substance and it is different for different materials. Value of
k can be found as:

Q L

k = T X Z(T]_*TZ)
Examples:
Thermal conductivity of some common substances is as follows:
e Aluminum 245 Wm'K*!
e Copper 400 WmK*
o Water 0.59 Wm*K*
Write down the uses of conductors and non — conductors. (A.B) (LHR 2015)

USES OF CONDUCTORS AND NON-CONDUCTORS

In houses, good thermal insulation means lower consumption of fuel. For this, following
measures may be taken to save energy.

Hot water tanks are insulated by plastic or foam lagging

Wall cavities are filled with plastic foam or wool

Ceiling of room is covered by insulating materials (false ceiling)

Double glazed window panes are used. These window panes have air between glass
sheets that provides good insulation.

Good conductors are used when quick transfer of heat is requirge’ throngh gt cy- \

Thus cookers, cooking plate, boiler, radiators and congenigers'of| rpfri q_prators glonBre.
made of metals such as alumizym o corpor S rnlarhv me otal Dexes.are used for
making ice, ice cream £i¢C, = - /

Insulatoss or bad — mnduotrars a.e usec, |r uuensus SLICITAS hand:ua of sauce — pans, hot
ploreg_ ,poor.:fetu The / are b cfwocd-or plastic. Air is one of the bad conductors
or k&s: insulator) That i 15 wihh y svity walls i.e. two walls separated by an air space and

_. anulle’ glazed erndr)v\,a Keep the houses warm in winter and cool in summer. Materials
wwhicn tiae-air i.e. wool, felt, fur, feathers, polystyrene, and fiber glass are also bad

conductors. Some of these materials are used for laggings to insulate water pipes, hot
water cylinders, ovens, refrigerators, walls and roofs of houses. Woolen cloth is used to
make warm winter clothes.
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UNIT-9 Transfer of Heat

Q.1

Ans:

Q.2

Ans:

Q.3

Ans:

Q.4

Ans:

B

= L1l |
J . JMI:» rhetdlsare good conductors of heat because of having free electrons.

9.1, 9.2 SHORT QUESTIONS

Define transfer of heat write its methods? (K.B) - y ) (Lr_r'fg'zrua{
MJPHEA -~ W N[ (¢ A

-
A

Definition:

“Flow of thermal « '_nt rgy-: Som A hu b 1y t¢ a (oH mr\jy in the form of heat is

called trarsigr of heat”—. |
Transferof heat is, a 1ctutal t.r)CeS rt ccrrtlnues aII the time as long as the bodies in

thermal| caritagt, are at drffer i temperature There are three ways by which transfer of

.;_-._hea akes |LI1Ct

1o<3 &leT
e Conduction
e Convection
e Radiation

Figure: Three Ways of Heat Transfer

Define conduction. (K.B+U.B+A.B)
Given on Page # 332
What are Bad conductors or Insulator? Give examples? (K.B)

INSULATORS
Definition:

“The substances through which heat does not conduct easuy are, calleu Jau
conductors or insulators”. - AN ; ,-;;_ ALY ;;-:-- -
Examples: ~ Ve T WY LAY T
Wood, cork, cotton, wool, §lhss, ruier ste.., || VALY )

What are Spnductors2.Give, e—xatrr plx. (Kﬁ) -

_;;tr~fﬁaﬂ'i DLCTGHD
Definitior}:| RREY

“Tt e sub“t' n(:es through which heat can pass easily are called conductors.”

Examgle
Copper, Iron, Aluminum etc.
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Transfer of Heat

Q.5

Ans:

Q.6

Ans:

Q.7

Ans:

QS8

Ans:

Q.9

Ans:

How does heat flow from hot to cold parts in metals so rapidly than non-metals?

(K.B) |

CONDUCTION IN METALS
Metals have free electrons as showiTin f|qu e e u,W

ot T
‘Wﬁ;@@f @f}f);
e el e 0o o’e ﬂ)@@m THA
[ [ : L:Eeeeiectmn ¢ postive on %@5’)@4@’4(}?},
- (a) o)

Figure:  Conduction of Heat in Metals

|4— _ —t - !

[ ¥] L- V-2 g W L. ¥,
-— —

T LIL\;‘L "J 'ﬁr fl__

L.

These free electrons move with very high velocities within the metal objects. They carry
energy at a very fast rate from hot to cold parts of the objects as they move. Thus, heat
reaches the cold parts of the metal objects from its hot part much more quickly than non-

metals.

Why Styrofoam boxes are used to keep food hot or ice cream cold for a long

time? (K.B+A.B)
STYROFOAM

Styrofoam is a bad conductor of heat. It does not allow heat to leave or enter the box
easily; therefore Styrofoam boxes are used to keep food hot or ice cream cold for a long

time.

Define rate of flow of heat write its formula and unit (K.B+U.B+A.B)
Given on Page # 333
Define thermal conductivity write its formula and unit. (K.B+U.B+A.B)
Given on Page # 334
Draw a chart of thermal conductivities of some substances. (K.B+U.B+A.B)
(Table for MCQS)

VALUES OF THERMAL NDUTIVITIE

Thermal conductivities of some substances are as follows:

AR,

1 Air (dry) _0.078, k’__ ‘ imn VN [8R_t

2 Alumlnum ___ -4.1 R _L:o?_'- : _ 35

3 17y | Brassv_ ﬂ;i_W_l?-__f Piastic foam 0.03

4 |7\ Eridk) | _T_ 1 Rubber 0.2

5 (T Chhnar—" | 400 12 Silver 430
1977 Glass 0.8 13 Water 0.59

7 Ice 1.7 14 Wood 0.08
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UNIT-9 Transfer of Heat

Q.10 Write down some uses of conductors and non — conductors. (A.B) (GRW 2013)

Ans:

Given on Page # 336 -
ExAMPLE 9. 1( N RN
The exterior brick wall-uf a heise i thickness 2% ¢m has ar areaf20 m?. The
temperatuie inside the-hpuse i§ 15°¢ and cutside-is 35°C. Find the rate at which
therma: ;*r'werg'v vaill he cunduycted th.’oug'h. the wall, the value of k for bricks is 0.6
wmt K W
Given Data:

Thickness of brick = Length travelled by the heat = L = 25cm = 0.25m

Area of the brick = A = 20m?

Inside temperature of the house = T; = 15 °C = 15+273 = 308K

Outside temperature of the house = T, = 35 °C= 35+273 = 288K

The value of thermal conductivity for bricks = k =0.6 Wm™ K*
To Find:

Rate of conduction of thermal energy = Q/t="7?

Calculations:

J ":-I':'-”"-'sl |

\ r : H+ rice, the rate of flow of thermal energy across the wall will be 960 joules per second.

First we find AT
We know,
AT=T,-T,
Putting values,
AT =308—-288=20K
We know that,

KA(T,-T. —
Rate of flow of heat =9=M — (AN (CUD)
t L - VI ZARE
By putting the values, we haye :_'_:: \ [ A
D ; |
Rate of. -ﬂ(_W ’Jf heat Q QG_ _()<_9 9@0 -Wa'ﬂ‘* or 30038

-y Vol - T..-' 0'25\ ]

Result
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Transfer of Heat

I

10.

11.

12.

9.1, 9.2 MULTIPLE CHOICE QUESTIONS

Water is a: (K.B)

(A) Good conductor X (B) Insulates.~
(C) Perfect Conductor ) | ( ; Foar qand U(tO
Ice is an: (K.B)

(A) Good sanductor _ (B Bad w.louctor
(C) Peifelt, Chiddctor, ' —(1J) None
Methods o t1 ans. Mission ¢t.htat are: (K B)

(A)(1 ' (B) 2

(NG - (D) 4

which of the following is best for insulation? (K.B)

(A) Glass (B) Air

(C) Brass (D) Fiber glass

Transmission of heat from one body to another body by the interaction of atoms

and electrons: (K.B)

(A) Conduction (B) Convection
(C) Radiation (D) All of above
Feathers of the birds are: (k.B)
(A) Conductor (B) Semiconductor
(C) Insulators (D) None of them
Which one is (are) the insulator (s)? (K.B)
(A) Cork (B) Cotton
(C) Rubber (D) All of them
The thermal conductivity of copper is: (K.B)
(A) 400 Wm™ K™ (B) 245 Wm'K™*
(C) 0.8 Wm'K™* (D) 0.6 WmK™
The thermal conductivity of Aluminum is: (K.B)
(A) 400 Wm™K™* (B) 245 Wm'K™*
(C) 0.8 Wm'K™* (D) 0.6 Wm™K™
The thermal conductivity of glass is: (K.B)
(A) 400 Wm™K™ (B) 245 Wm K™ -
(C) 0.8 Wm?K™* _ (D) o 6 \_/ym'_l_,vﬁ-- N
The thermal conductivity of brm( ip: (K B)\ RARAR
(A) 400 Wm™K™ A 70N '(B) 245 vvm
(C)0.§ \/\m K y | "“K \ ) 0 Wm 1K1
Styrofcam isa; (; ) ]
(D) [onduttor! | __j - (B) Semiconductor
" "1(':)"_E_La1 ¢enductor (D) None of them
Unit of thermal conductivity is: (K.B)
(A)WmtK? (B)W m* K™
(C)W m? K™ (D)W m?K*
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UNIT-9 Transfer of Heat

Q.1

Ans:

Q.2

Ans:

CONVECTION

LONG QUESTIONS St

What is convection? Explain the erocess; (K R+l E+A.5)
' SCONVECTION

Tl = el

Definition:

~Tiarsfer si-lieat "y actual rr(,venmn oi ‘molecules from hot place to a cold
place is~ahwnias con'/e Stinn”! _
Liquids'arc, gases are, pecr conductors of heat. However, heat is transferred through

11 (ImuLc.s drgases) easily by another method called convection.

Plrocass:
A liquid or a gas becomes lighter (less dense) as it expands on heating. Hot liquid or gas
rises up above the heated area. The cooler liquid or gas from the surroundings fills the
place which in turns is heated up. In this way, all the fluid is heated up. Therefore,
transfer of heat through fluids takes place by the actual movement of heated molecules
from hot to cold parts of the fluid.
Experiment:
o Take a beaker and fill two-third of it with water.
Heat the beaker by keeping a burner below it.
Drop two or three crystals of potassium permanganate in the water.
It will be seen that coloured streaks of water formed by the crystals move upwards
above the flame and then move downwards from sideways as shown in the figure:

!

1
| -

Figure:  Crystals of Potassium Permanganate are Used to
Show the Movement of Water on Heating

These coloured streaks show the path of currents in the liquid. )
When the water at the bottom of the beaker gets hot, it exnerdls, ')ef,u.nc-s i ghtn ano-
rises up. While the cold but denser watér i'novps aovinnard'te, ta e |t> p age) L -

What do you know about ¢or ver".i 5t Cubre u*s n A r] h oW io l“nd ar.d sea breezes blow?
(LHR 2013, 2014, 2015)

AN R E’Al:/;’;_ _\L L'PPI‘_'I\ITS IN AIR
Definitior}: '
“Eree moveinen: of waseuus molecules from one place to another place due to difference

0T tensities between those places are called convection currents”.

fZlases also expand on heating, thus convection currents are easily set up due to the
differences in the densities of air at various parts in the atmosphere. This can be observed
by a simple experimental set up as shown in the figure:
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— h! |
kT

LY b
% ~.-|~
%
%,

-

| | 3 = | Figure:  Smoke Showing the Path of Convection
|

JI:~x'pianat|o
In above figure air above the candle gets hot, becomes less dense and lighter hence it

moves up through chimney A leaving vacant space behind it. In order to fill this vacant
space cold air enters into the box through chimney B. In this way convection currents set
up in atmosphere.
Uses of Convection Currents:
Convection currents occur on a large scale in nature. Some uses of convection currents
are given below:
e Convection currents set up by electric, gas or coal heaters help to warm our homes
and offices.
Central heating systems in buildings work on the same principle of convection.
The day —to— day temperature changes in the atmosphere result from the circulation
or warm or cold air that travels across the region. Land and sea breezes are also
examples of convection currents.
Land and Sea Breezes:
Land and sea breezes are the result of convection.
Sea Breeze:
On a hot day, the temperature of the land increases more quickly than the sea. It is because the
specific heat of land is much smaller as compared to water. The air above land gets hot and
rises up. Cold air from the sea begins to move towards the land. It is called sea breeze as shown
in the figure:

. | | vy
1 T d ! 1 ! 1 .-‘- I [
Pt il i

b B R TN :. -|g,wr. ‘59;12‘»& aze) Bl |—rom Sea to Land in Daytime

_ _-;i_J(H BI serne-

'HAJt“ \grit, the land cools faster than the sea. Therefore, air above the sea is warmer, rises

up and the cold air from the land begins to move towards the sea. It is called land breeze
as shown in the figure:

PHYSICS-9 342



UNIT-9 Transfer of Heat

= |gum_ | Laria Breeze Blows From Land to Sea in

SR 9
L .-': I', '-_ [ |_
et |
1 1 1
[\
1

J. BINIER During Night
. JT" JINIAV AV A=ke 9.3 SHORT QUESTIONS
LY q,\."- m"\-\.. |.'-\. | i . . R .
S .0 Why aballoon inflated with hot air rises up? (K.B)
| Ans: INFLATED BALOON

A liquid or a gas becomes lighter (less dense) as it expands on heating that is why a
balloon inflated with hot air rises up.

Figure: Balloons Inflated with Hot Air Rise up
Air Becomes Lighter on Heating

Q.2  Define convection with examples? (K.B) (LHR 2016,17)
Ans:  Given on Page #341
Q.3 What do you know about convection currents in Air? Write down some uses.

(K.B+A.B) (GRW 2013)
Ans: Given on Page #341
Q.4 How land and sea breezes are produced? (K.B) (LHR 2013, 2014, 2015)

Ans: Given on Page #342

Y
-H."".

Q.5 How do land and sea breezes help to keep the temperature modergte fin coastal aros i *~
(K.B+A.B) N 52 -k,_x“
Ans: TEMPERATURE i | COASTA 5@;_31 | ( €. AC

When the land is warmer than the seg wp-t..c mcfrnmg the: choler| \S€3 breeze moderates the
climate over the land. Durng ni grt cc,3| erlvwnd« over tlee lnd-move-towards the sea thus
saving; vl Idnd | frerecl Chli-!\" climate, in \th.q wvr.:y“rand and sea breezes help to keep the
temper{rur@ mode-wte in coa)taT“QEat

Q.6  Define che,r ”an? anci twrrnai climbers. (K.B)

Ansie (] | THERMALS
A ‘I u,l | aﬂ.]éﬁmubn
x ) wx.J | “The rising currents of hot air are called thermals™.
A Thermal Climbers:

“The birds that use rising currents of hot air for free ride are called thermal climbers.”
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Q.7
OR
Ans:

Q.8
OR
Ans:

Q.9

_thermjals, helps e stay in air for a long period.

LHG)

- FR"
= Nk
_h.AI d]}| '

Examples:
Eagles, hawks and vultures are expert thermal climbers.

What is gliding? —~N
What causes a glider to remain in-air? B - 0 WS

' GLADING, | 4
A glider locks like a small aefcpl ang w thoui engine. Grider pilots use upward movement
of hot alr suirent due {&0) ucnvnct‘.nr of Hpa* These rising currents of hot air are called
thermals. uhd:rc tid avel thesethermals. The upward movement of air currents in

Figure:

A Glider

What do you know about birds gliding?

How do thermals help birds to fly for hours without flapping their wings? (K.B)
BIRD GLIDING

The birds stretch out their wings and circle in these thermals. The upward movement of

air helps birds to climb up with it. Eagles, hawks and vultures are expert thermal

climbers. After getting a free lift, birds are able to fly for hours without flapping their

wings. They glide from one thermal to another, and thus travel through large distances

and hardly need to flap their wings.

~T riburd!  Bird FIy akiig the Advaritage
-_a"_ by s | | xot rnrn'alﬁ'&'-'\:drrents

Expiain hn wcte' v\/««tem? (K B+A.B)

J viEigsor the taps comes from a large strage tank. The water is heated by a coil of
copper pipe, hot water from a boiler flow through this and is recirculated by a pump.
In the tank the heated water rises to the top by convection. In this way, a supply to hot
water collects from losses by conduction and convection.
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7y B
co/lestor

i N, Shmsnt 2| !
1 RN '.. || J—-.-"_F‘ .'
| 3 ‘-. 2 . - ~— Cold Supply
Lt ,/ : l —a Xot Water
5 ' —
/ L(ot wai er T
Drainback A ~ e
T v~v 7 A [
with Xeat RAAA A | Temperature {
Exchanger R \ sensor
s D
t B
- solax h 2 OUS— — “=
SensorfN’T A
u — MAN‘J.V 1!
Two temperature Pump A
controllers, one for Fump P2
distilled water loop
and one for hot water

loop, mounted on
control panel

Fig. 1 — Solar Water Heating System

Q.10 Explain the heating of room and cooling in refrigerator with the help of
convection? (K.B+A.B)

Ans: The heating of room is possible due to convection. Warm air rises above the
convector heater or radiators carries thermal energy all around the room -though
unfortunately the coolest air is always around your feet.

In refrigerator cold air sinks below the freezer compartment. This sets up a circulating
current of air which cools all the food in the refrigerator.

9.3 MULTIPLE CHOICE QUESTIONS

1. Transfer of heat by the actual movement of molecules: (K.B) i
(A) Conduction (B) Convection 5\ :”:- A
(C) Radiation (D) All of abgve™s | | 7o \ ™~
2. Geysers work on the prlnC|pIe of: (‘( B) IARIRRR ™
(A) Conduction AW (E) Con,/ettor =y
(C) Regiigti or Y ) Aiiof above
3. Ventllatlcr |r nu, housas <’ only ,JObSIb|e due to: (K.B)
- A onduwtﬂow R (B) Convection
| kJ . "-{'\(I, E 'au.auon (D) All of above
"4, Land and sea breezes are due to: (K.B)
(A) Conduction (B) Convection
(C) Radiation (D) All of them
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RADIATION

Ans -
Definitiz "1
“Radliaton: i¢ tr e rnnee of transfer of heat from one place to another in the form
oTW/iIvel cal‘ep ElZcliomagnetic waves”.
ric1g.2From the Sun:

. ) J | "1 Our sun is the major source of heat energy. Heat reaches us neither by conduction nor by

convection, because the space between the Sun and Earth’s atmosphere is empty. This is
a third mode called radiation by which heat travels from one place to another. It is
through radiations that heat reaches us from the sun.

Example (Heat From Fireplace):

Heat does not reach us by conduction through air from a fireplace because air is a poor
conductor of heat. Heat does not reach us by convection because the air getting heat from
the fireplace does not move in all directions. Hot air moves upward from the fireplace. Heat
from the fireplace reaches us directly by a different process in the form of waves called
radiation. A sheet of paper or cardboard kept in the path stop these waves to reach us.

i1 1 YREL W

Figure: Heat from Fire Place Reaches
us by Radiation

Dependence of Rate of Radiation: — =liai\
Radiations are emitted by all bodies. The rate at Whlch radl tions, ate er“1|tted jnpenm;.

upon various factors such as: o R ™ L
e Colour and texture of th esurfaeex _ .' "RERLE Y1

o Surface temperature | | /0 L L L L /

. Sufawaeex x\

_—.—-—.r

AI_I e r)bj-_E'_"t" Iy ng_ins'id'e a room including the walls, roof and floor of the room are
\ ._rle_-r_ii.arinq heiat-44owever, they are also absorbing heat at the same time.
"4 | “Eadiation of Heat:
When temperature of an object is higher than its surroundings then it radiating more heat
than it is absorbing. As a result, its temperature goes on decreasing till it becomes equal
to its surroundings. At this stage, the body is giving out the amount of heat equal to the
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Q.2

Ans:.

amount of heat it is absorbing.
Absorption of Heat:

When temperature of an object is lower than its surroundinas. tsen it i< Fal atmg l= s t eo*
than it is absorbing. As a result, its temperétu'e goes-an ificreasing will it DerHMRE 2gudl to
its surroundings. The rate 2t:whict'.various-suifacts it heaj depends upun the nature of
the surface. ' - \

What s, -e lie cuhe? FOwvelricus, sUu.df‘E> cail be compared by Leslie’s cube?
(KB+£2) -

(GRW 2014)
_ . LESLIE’s CUBE
insrodiction:
A Leslie’s cube is a metal having faces of different nature. It is used to find rate of
radiation from different surfaces. A Leslie’s cube is shown in figure below:

Hot water

inside E

Radiation Galvanometer
detector

Figure: Radiations From Leslie’s Cube

Faces of Leslie’s Cube:

The four faces of Leslie’s cube may be as follows:

e A shining silvered surface

e A dull black surface

e A white surface

e A coloured surface

Hot water is filled in the Leslie’s cube and is placed with one of its face towards a
radiation detector. It is found that black dull surface is good emitter of heat. The rate at
which various surfaces absorb heat also depends upon the nature of those surfaces.

Example:

Take two surfaces, one is dull black and the other is silver polished surface Wlth a candle =
at the middle of the surface as shown in the figure: —1¢ = )Y
( - I'.'-. g rd ,I" .. h _.“-- ;
J?/m,.mmew\‘] l S .- ) \O~=
4 e a'.k .. \ EF k1 '._ '_I -'. h

Figure: A Comparison of Absorption
of Radiation

It is found that:
e A dull black surface is a good absorber of heat and its temperature rises rapidly.
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Q.3
OR

Ans:

e A polished surface is poor absorber of heat as temperature rises very slowly. It is also
found that the transfer of heat by radiation is also affected by the surface-area of the
body emitting or absorbing heat. [y

e Larger is the area, greater will be the traitifer of heari(is Guia to thlis reasor, thattarge
numbers of slots are made in I’UdlrltOI’q ty |m reash their su; che arel.

Summary of Observatioris:

The summarw of the ckservations mace fmm the.set-uy as shown In above figure shown

in the {able bélow’ (Taible for MCQS)

[ Syl 44 A LEAC-TT — Absorber | Reflecior |

Dujiblack sui faue ! Best Best Worst
| Goloured suface Good Good Bad

“White surface Bad Bad Good
Shining silvered surface Worst Worst Best

How does the temperature in a greenhouse can be maintained?

What is greenhouse effect? Explain greenhouse effect in air and its impact in global warming.

(K.B) (LHR 2013, GRW 2013)
REENH E EFFECT

Light from the Sun contains thermal radiations (infrared) of long wavelengths as well as

light and ultraviolet radiations of short wavelengths. Glass and transparent polythene

sheets allow radiations of short wavelength to pass through easily but not long

wavelengths of thermal radiations. Thus, a greenhouse becomes a heat trap. Radiations

from the Sun pass easily through glass and warms up the objects in a greenhouse. These objects

and plants such as shown in figure below give out radiations of much longer wavelengths.

The Green House Effect

Earth’s surface is

Some energy is heated by the sun

reflected back and radiates the

out ot space heat back out
towards space

Greenhouse
gases in the
atmosphere
trap some
of the heat

Solar energy
from the sun
passes through
the atmosphere

Glass and transparent polythene sheets do not allow them to_escare] aut 2asily [aiu afe'
reflected back in the greenhouse. This—maintains ~the inside, | temiperatirs: 5 tite
greenhouse. Greenhouse effect prcmnes b@*te .]F(\V\.th ﬂf shrije ’)Icmts o
Greenhouse Effect in Na.ute \

Carbon_dissiide and water alse’ beghayelin & simiiai way to radlations as glass or
polythene. | Eqigh’s.. atsipspliers xc\oQ,ams caibon dioxide and water vapours. It causes
greenhcusa ef‘ nt or eEcr.h '

A -lpung h' .ecent years, the percentage of carbon dioxide has been increased

sunsiderably. This has caused an increase in the average temperature of the Earth by
trapping more heat due to greenhouse effect. This phenomenon is known as global
warming. This has serious implications for global climate.

PHYSICS-9 348



UNIT-9 Transfer of Heat

Q.4

Ans:

Q.1

Ans:

Q.2

Ans:

Q.3

Ans:

Q4

Ans:

Q5

Ans:

Q.6

Ans:

Explain the application and consequences of Radiations. (A.B)

APPLICATIONS AND NSEQUESCES OF RADIATIC
Different objects absorb different amounts of heat radiations falling upt‘". Tern ref eciilig
the remaining part. The amount of heat absorbed byv.& L'ouv denands Lpon: e LG and
nature of its surface. .
Black Surface:
A blac" ad| rough. stiiase, abserby, more-heal, thar"a Whlte or pollshed surface. Since
good as9libers arc, aist ¢cod radiators i heat. Thus, a black coloured body quickly
absorbin hiau reashing It auviag a sunny day and sunny day and also cools down quickly
by, giving ut itsthdato its surroundings. The bottoms of cooking pots are made black to
Lrw 308 t5e absorption of heat from fire.
white and Polished Surface:
Like light rays, heat radiators also obey laws of reflection. The amount of heat reflected
from an object depends upon its colour and nature of the surface. White surfaces reflect
more than coloured or black surfaces. Similarly, polished surfaces are good reflectors
than rough surfaces and reflection of heat radiations is greater from polished surfaces.
Hence, we wear white or light coloured clothes in summer which reflect most of the heat
radiation reaching us during the hot day. We polish the interior of the cooking and hot
pots for reflecting back most of the heat within them.

9.4, 9.5 SHORT QUESTIONS

Define Radiation. (K.B) (GRW 2017)
Given on Page #246

Why tea in a cup becomes cold earlier as compared to a teapot? (K.B) (GRW 2016)

CUP OF TEA

In a teapot there is a large amount of tea and also the mouth of the teapot is narrow, so
loss of heat is minimum. On the other hand in a tea cup, there is little amount of tea and
the mouth of cup is also large as compared to teapot. Since, larger the surface area,
greater will be the heat loss by convection. That is why tea in a cup becomes cold earlier
as compare to teapot.

On which factors rate of radiation depends? (K.B)

Given on Page # 246

Define Greenhouse Effect. (K.B) (LHR2017) vy

Given on Page # 248

What is Global warming? _ oty R e

Given on Page # 248 - Py U BN Y (A0

We wear white and lightalouret: f'ot.l in st ! ner. /f!h y?2\(K. B { ~ (LHR2017)
- WHT L_EQCLO'I m | ) |I\I SUNSVIER

lefeanthvac S ahso o, dif! err‘m\&q oUriis.of fieat radiations falling upon them reflecting
the rem au ng cary The amo It gFieat absorbed by a body depends upon the colour and
retuin2 of its 'sul HCL‘ [

-\'\ Hite and Ign[ colours are a good reflector of heat so we wear white and light coloured

z{otnes in summer to avoid heat.
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Q.7

Ans:

Q.8

Ans:

Q.9

Ans:

We wear black and dark coloured cloth in winter. Why? (K.B)
BLACK CLOTHES IN WINTER

Different objects absorb different amounts of heat radiations-feiiing upon ti'nem refiectin
the remaining part. The amount of heat ab or hed b; a tody depenoo liphri-tne Seiour and
nature of its surface.

Black and dark colours are a'good ab ,urter 01 heet oO Ne-wear black and dark coloured
clothegry | 'vmterf i“den Curseives warny,

Draw stru (tu ¢ 0 1‘1e rmoy flask:-¥vny transfer of heat does not take place through it?
' THERMOS FLASK

e ftiuctie of thermos flak is given below:

Figure: A Thermos Flask

The thermos flask or vacuum flask can keep drink hot (or cold) for hours. It has these
features for reducing the rate at which thermal energy flows out (or in):

1. Aninsulated stopper to reduce conduction and convection.

2. A double-walked container with a gap between the walls. Air has been removed from
the gap to reduce conduction and convection.

3. Walls with silvery surfaces to reduce thermal radiation.
Why planet Venus is hottest planet as compared to other one specially mercury?
Venus is the hottest planet of our solar system but mercury is nearest planet from sun

because mercury does not have atmosphere and due to that it does reft-Contgin GE3Z Aoy W

H0 in its atmosphere. That is why global, warming does m;t rappar_\, ah mercqr.\,j_:u-;
Venus has atmosphere and due to glebal warming, itiis tihe {icttest:plan2tiin idis-Uritverse.

0.4, 9.5 MULTIPCE/GROICE AUESTIONS

Trans; nl:.:lon nf Feat by" /\,avés vQQHOU* au‘rrf‘img edium on its way: (K.B)
(A) Conuu(tlu - (B) Convection

(C) Padiaticn || |\ |} (D) All of above
.Hs 1t from ! o rcaches us by: (K.B)

(/\, Conduction (B) Convection

(C) Radiation (D) All of above
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3. Global warming in the world is due to: (K.B)

(A) Greenhouse effect
(C) Radiation
4, Black surfaces are: (K.B)
(A) Best emitter
(C) Worst emitter
5. Shinnirg silivered suriaced are: 1KIB)
(A) Bestieflesior
(C) Woistireflactor
6. Calojured durfaced aie: (K.B)
al 1) Bes aissorber
,| L ERC) Worst absorber

(B) Land and sea breezes
(D) None of them

(13} Good amitter
(L3),Pwor eiiittor

(B) Good reflector
(D) Poor reflector

(B) Good absorber
(D) Poor absorber

. The gases in the Earth’s atmosphere, which causes the greenhouse effect: (K.B)

(A) Carbon dioxide
(C)BothA & B

(B) Water vapors
(D) None of them

MCQ’S ANSWER KEY (TOPIC WISE)

9.1 TRANSFER OF HEAT

9.2 CONDUCTION
5 6 7 8

9.3 CONVECTION

B B

B B

9.4 RADIATION

9.5 APPLICATIONS AND CONSEQUENCES OF RADIATION
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TEXT BOOK EXERCISE e

MULTIPLE CHOICE QUESTIONSHmE

9.1  Encircle the correct answer from the givznichoicss: (KB _
i In solids, heat is transferred by: L (LHR£515, GRW 2017)
(a) Radiation ' ~(B)'Cendugtior, '
(c) Convegtinn | ’d'; Abseistion
ii. What nappens io thetei r1aF CONGLICH 'lfv ui a wall if its thickness is doubled?
(U.B) . (GRW 2015)
(2) Becomes datblz (b) Remains the same
(¢)"3ecaimes Ralf (d) Becomes one forth
J AN Nletals are good conductor of heat due to the: (K.B)
(a) Free electrons (b) Big size of their molecules
(c) Small size of their molecules (d) Rapid vibration of their atoms
iv. In gases, heat is mainly transferred by: (K.B) (LHR 2015, GRW 2017)
(a) Molecular collision (b) Conduction
(c) Convection (d) Radiation
V. Convection of heat is the process of heat transfer due to the: (K.B)
(a) Random maotion of molecules (b) Downward movement of molecules
(c) Upward movement of molecules (d) Free movement of molecules
Vi. False ceiling is done to: (K.B) (LHR 2016 , GRW 2017)
(a) Lower the height of ceiling (b) Keep the roof clean
(c) Cool the room (d) Insulate the ceiling
vii.  Rooms are heated using gas heaters by: (K.B) (GRW 2016, LHR 2017)
(a) Conduction only (b) Convection and radiation
(c) Radiation only (d) Convection only
viii.  Land breeze blows from: (K.B) (LHR 2016)
(a) See to land during night (b) Sea to land during the day
(c) Land to sea during night (d) Land to sea during the day
iX. Which of the following is a good radiator of heat? (K.B)
(@) A shining silvered surface (b) A dull black surface
(c) A white surface (d) A green colored surface
ANSWER KEY|
B B A C C D B C B A
9.2  Why metals are good conductors of electricity? (K.B) _"‘r»'\'/\por 2047 22 %L
Ans METALS ARE GOOR CONDUCTOQRS: v N
Metals have free electrons. These frea electrons move with'very fiign v e ourt-es \mthln the
metal objects. They carry #nérgy at#very tastirate, fiom 'hot to cold parts of the objects as
they move, that is Why metal 4re Go! )d condu*tu 3 o. neAt. -
9.3  Explain Why? " - \
@ A meta‘ foels "cld=r tc mum kit wood kept in a cold place? (K.B)
Ans METAL FEEL LDER

curtnrs have good conduction property. So by touching cold conductors, there is a

1e p.c. transfer of heat from our hand to cold conductor and it feels colder. As wood is a

bad conductor, so transfer of heat from our hand to wood is very low. Due to this reason,
we feel less cold.
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Ans:

Ans:

Ans:.

9.5

Ans:

9.6

Ans:

9.7

Ans:

9.8

Ans:

9.9

Ans:

9.4
Ans:

(b) Land breeze blows from land towards sea?
LAND BREEZE -
At night, the land cools faster than the sea. Therefore, air aboye-the! §=8 i©warmp!, rises
up and the cold air from the land beqins to fnove tows:Cs the seas,
(c) Double walled glass vessel is lised in- nevings tagk? |
DCiiBLE WAL LED VESSIEL

A doubte wailed glass-isusad 10 mre e thieilow ef-vigat due to conduction and convetion
througii-the, vacuuss betweer: diubie, wells-oi vessel.
(d) Deszert; soon gtt nct curing the day and soon get cold after sunset.
DESERT NGET HOT
NS e gpecitic heat of sand is low, so it absorbs the heat more quickly and gets hot in
aay. In night, it releases heat more quickly and become cold quickly after sunset.
Why conduction of heat does not take place in gases? (K.B) (GRW 2015)
N NDUCTION IN GASE
Gases are poor conductor of heat because gases do not have fee electrons. Furture more
for conduction molecules should be close while in gases molecules have vast spaces. That
why gases do not undergo conduction.
What measures do you suggest to conserve energy in house? (K.B) (LHR 2016)
CONSERVATION OF ENERGY
To conserve energy in our house, following measure may be taken:
e Hot water tanks are insulated by plastic or foam lagging
e Wall cavities are filled with plastic foam or wool
e Ceiling of room is covered by insulating materials (false ceiling)
e Double glazed window panes are used, these windows panes have air between glass
sheets that provides good insulation.
Why transfer of heat in fluids takes place by convection? (K.B) (GRW 2015)
NVECTION IN FLUID
Liquids and gases are poor conductors of heat due to large distances among their
molecules. However, heat is transferred through fluids (liquids or gases) by a method
called convection. Heat transfer of heat in fluids takes place by convection because
movement of molecules is easy in fluids.
What is meant by convection current? (K.B) (LHR 2013, GRW 2014, 2015)
Given on Page # 341

Suggest a simple activity to show convection of heat in gases no* o vpn n the 2t CK' \

(K.B+U.B) NN
CONVFCme_I\'_GAs_E& AN LA

In summer, the intense radiftidns of s=n warm tte sUrface of I arth), The Air near the surface is

also heated.and expands. Its d ’ﬁSIty decieesel auz toincrease of volume and it rises up. A

colder dir|cpnies-s fivi f"‘lS e p, due-tc whish conventional currents of air are produced.

How des neut rea& h' wd frgm! th° sun? (K.B)

' "HEAT FROM THE SUN

._Hﬁ tireac hes ua IIEI'[heI‘ by conduction nor by convection, because the space between the

Shri-and Earth’s atmosphere is empty. Heat reaches us through a mode called radiations
(light waves) from the sun.
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9.10

Ans:

9.11

Ans:

9.12

Ans:

9.1

How various surfaces can be compared by Leslie cube? (K.B)

Given on Page # 247 -

What is greenhouse effect? o, [(LAR2E15 G W 201”‘
Given on Page # 248 ! VU -

Explain the impact of greegn- houxe uffer+ 'n globas warntir. g

Given on Page # 248

NUNEFIGAL PROBLEVS

The concrete robf of a Lonse ¢f hickness 20 cm has an area 200 m’. The temperature inside
tiie [House is|1:% €l aia outside is 35" C. Find the rate at which thermal energy will be
¢0aductrd-inrough the roof. The value of k for concrete is 0.65 Wm™ K. (U.B + A.B)
Solution:
Given Data:

Thickness of the roof =L =20cm =0.2m

Area of the roof = A = 200 m?

Temperature outside the house = T, = 35° C = (35 + 273) K = 308 K

Temperature inside the house = T, = 15° C = (15 + 273) K = 288 K

Coefficient of thermal conductivity = k = 0.65 Wm™K™

To Find:

Rate of conduction of energy through the roof = Q/t = ?
Calculations:
As we know that

Rate of flow of heat = Q = M

By putting the values, we have

Rate of flow of heat = 2 = 2-89%200%(308-288)

t 0.2
Rate of flow of heat = Q _130x20
t 0.2
Rate of flow of heat = 9 = @
t 0.2
Rate of flow of heat = % =13000Js*
Result: . . _ .y y Vo NS

— = [ _ , A [
' L
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9.2

How much heat is lost in an hour through a glass window measuring 2.0 m by 2.5 m

when inside temperature is 25°C and that of outside is 5°C, the thickrie
0.8 cm and the value of k for glass is 0.8 Wm™K™? e [~
Solution: - VT AN
Given Data:

Areaofthewmdovv':..A =20 x 2 5 i = 5 )r1 _-
Thickness of'ihe gh s =0R cm 0 0 G35 M
‘"eu._n-oer_c.-ture _!ns.lup '_hc wmdow =T,=25°C
[ I\ _ Temperature outside the window =T, =5°C
Coefficient of thermal conductivity = k = 0.8 Wm™K™
To Find:
Heat lost through the glass = Q =?
Calculations:
As know that,

KA(T,—T,)xt

Q= L

By putting the values, we have
0.8x5x (298 - 278) x 3600

Q= 0.008
o= 4x20%3600
0.008
288000
Q= 0008
Q = 36000000 J |
Q=36x10"] i

Result: ~ O

- Her Ice, the eap!ust -ah ougl‘ a gmcs *Jvr.. e 3.6 X 107 J. '

L __,-_-__

qs of n!'ac, T
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SELF TEST N
Time: 40 min. - M.
Q.1  Four possible answers (A) (B), (C) &' (D) t0 racl quast on drs Jiven, waark the
correct answer. e Vo (6x1=6)
1. What haprens to the thermal cg ndu v ty ot ¢ V\/d” TS thICkncaS is doubled?
(A) Besaimesidoanle” —+{BJ Remains the same
(C) Becomes hialf' | |\ L) (D) Becomes one fourth
2. I-and breezt: b'cw fiom:
| \A‘ <eeiviand during night (B) Sea to land during the day
(C) Land to sea during night (D) Land to sea during the day
3. Air & water are:
(A) Poor conductor (B) Good conductor
(C) Excellent conductor (D) All of these
4. Flow of thermal energy from hot body to cold body is called:
(A) Specific heat (B) Latent heat
(C) Transfer of heat (D) Heat capacity
5. Which surface reflected more radiations?
(A) White (B) Coloured
(C) Black (D) Rough
6. Leslie’s cube is a box of:
(A) Metal (B) None-metals
(C) Wood (D) Metalloids
Q.2  Give short answers to following questions. (5x2=10)
I What causes a glider to remain in air?
ii. The rate at which radiations emitted by a body, depends upon which factors?
iil. How do the land and sea breezes help to keep the temperature moderate in coastal areas’>
iv. Why conduction of heat does not take place in gases? ]
V. Why deserts soon get hot during the day and soon get cn'“I afteL *sqnset’
Q.3 Answer the following questions in g,]etall \ § \ | T (445=9)
a) What are the appllcatnn rd L cncequeq‘e nfrldlano” .
b) “11 -xter;u; ANICK il f a \I'ouse, o‘ ihickness 25 cm an area 20 m?. The
=) Deliz rule ing |(,e e ho 1Is2:35°15° C and outside is 35° C. Find the rate at which
. he.maf ene rgv ‘witi-oe conducted through the wall, the value of k for bricks is 0.6
INING T
Neie -

Parents or guardians can conduct this test in their supervision in order to check the skill
of students.
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