WWW.GRADESETTER.COM


https://gradesetter.com

/ ‘ b4
AIRZT

| sHuyBHAM L
m’asf

. A |AIR- 35
/AIR-35 | DIVYANSH GOYAL
| mRIDUL SHARMA | Classroom

| Classroom

|AIR-44

{TAVYA GUPTA | SAHILDEEP SINGH
room ! Classroom

IR-28
sﬁmn CHAUDHRI
f Distance

| class

| glassroom

3

[AIR-21
| SHREYA MITTAL
| Distance

AIR 30
msuvmy GUPTA
| Classroom

0
| AIR-38
| HARSH SHAH

| Distance

[}

ﬁd =

L i -
) . >y
Y |

AlIR-45

| VISHNU S. SINGHAL

Distance

-3
3"(3,_ BAJIYA

-12
f ,ﬂzﬁlﬂaﬂ BANSAL

:‘-l"
IAIR-13

| LAJJABEN PATEL
Classroom

am = m

| AIR-22

II\II'FSI-IH.L SAINI
| Distance

| AIR-32

NIHARIKA VAR
| Distance SHNEY

a4
AIR-40
PUJAN N ACHARYA

Classroom

N
AlIR-46
ANKUSH GARG

Classroom

AlR-q
| ASHAN

Distance

K KHAITAN me % /\
uT
- AH

D.nla,i;s Singy

M{Hl,
| D|31ahc UPTy,

' AIR.;;%.

GARG

| KARAN
I
D\stanc

.: AN "

'AlIR-48 1 AR 4%
|PARTH MITTAL SUP 5

i Classroom l C\asl:rizgmmm

WWW.GRADESETTER.COM


https://gradesetter.com

WWW.GRADESETTER.COM

T :I. ferdgshil . B moﬂ FRRERTOTT  E
: : B
Y A 1. o perature and Therma
St S < g 2. ZSEm\;: :l;:e?_ithefmoﬂvt\;mics ! Expansion
: \ i P l: 3. Thermal ‘Der‘atutg - \
{ . expansion 1\
4. Change of state Heat \\ : \\
z. Phase diagram \ 10\
~ Law of mix;uqre‘:-_ Principle of calorimeter \\ 1113 \\
odes of H T
o Thermal conduction eat Transfer \ \
8 Convection ) \ 16 N\
9. Thermal radiation L.
an 10. | Stefan's law T
9- 11. | Newton's law of cooling \\ 3E_\
) 12. | Wein's displacement law \ 2279
E Kinetic Theory of Gases \
13. Ideal gas concept
o, 14. Gas laws ] \ e
15 Di \ o ‘
_i 3 fferent speeds of gas molecules \ 39
< 16. | Expression for pressure of an ideal gas \ 420
E 17. | Degree of freedom and law of equiparfition 41
m of energy X
L 18. | Different K.E.ofgas a2
I 19 Mean free path 43
- Thermodynamics
20. | First law of thermodynamics 51
21. | Different processes 54
22. | Relation between degrees of freedom —nd specfic \ 58
heat of gas ;
23. | Heat engine and refrigerator 65
24. | Second law of thermodynamics 66
25. Reversible and irreversible process 66
26. | Camot cycle 67
27. | Exercise _I (Conceptual Questions) 74
: 28. Exercise-1l (Previous Years Questions) 99
E | 1 29. Exercise-1l1 (Analytical Questions) 108
e 30. Exercise-lv (Assertion & Reason) 113
SYLLABUS
and definition of temperature (zeroth law of Thermodynamics). Heat, temperature, thermal expansicry i
Cp, Cv calorimetry; chand® of state - latert sl
displacerme

Thermal equilibrium

expansion of solids, liquids, and gases:

thermal conductivitys

Heat transfer- conduction an
d Stefan's laW- Kinetic theory of

law Newton's law of cooling an

degrees of freedom, law of equip@

free path. : !
thermodynamics: Reversible and irrever

compressing @ gas

Anomalous expansion.
convection and radiation. Quali

. rition of enerdy (statement O

Heat work and internal enerdy: First law O ;
sible processes: Heat engines and refrig

Specific heat capacity:

1ative ideas of Black Body Radiation, Weins

gases: Assumptions, concept of pressure- '

nly) and application to spedific heat ca

f therrnodgnamics. 1sothermal and adiabatic processes. S
orators. Equation of state of @ perfect 43S, Wwor

WWWwW
.GRADESETTER.COM


https://gradesetter.com

/
WWW.

t-4
st ‘Pam
= Siv por yaw O]
u
If con Cla
Rudo = F & 5; Thomgori 5
dis€® co o ﬁﬂthai‘ }gd pirm
Y ynaﬂﬂ

f
el
noi’;’d 4 f - ngvef
1 de
an jsolaté v of gas® a: p
et d
theé kJﬂg =it
/ olectl® =
844 - 1906)

Kked on the kinetic

dvocate of

30LTZNIANN a

rn in Vienna,

Jtzman’™ bo
dependenﬂy of Maxwel
Boltz

gasés in
i hetic theorys
aw of thermodynamics

of the founders

Austria, wor
. A firm 2

hann provided a

rded as one

trépy. He is rega
onality constant

s. The proporti

istical mechanic
c theory is known

of classical stafl
nergy and temperature in kineti

connecting €
s Boltzmann’s constant in his honout.

WWWwW
.GRADESETTER.COM


https://gradesetter.com

WWW.GRADESETTER.COM
e

A
B
S
Physics

ALLEY
TEMPERATURE & THERMAL EXPANSION

RATURE & TEMPERATURE SCALES

1. TEMPE

- Temperature
efined as the degree of hotness or coldness of a
o that at lower temperature until their temperatures become caual AL s

vody. Heal enerdy Dows from

Temperature may be d
a body at higher temperature [
stage. the bodies are said to be in the

Thermal equilibrium
a situation in which two cbjects would nv
ced in thermal contact. Fleat is the transier
in temperature perween them.

rmal equilibrium

ot exchange enerdy g heat or clectromagnaiic
ol energy from one object 1o anotner

Thermal equilibrium is
radiation if they were pla
object as a result of a difference

Zeroth law of thermodynamics

ct C (say thermometer). then objects
cs introduces the concept

with a third obie
os are same.

ermal equilibrium ¥
th each other. Zeroth law of thermodynami
uilibrium if their lemperatur

If objects A and B are separately in th
said to be in thermal eql

A and B are in thermal equilibrium wi
rature. Two objects (or systems) are

of tempe
— R W B

is import
o measured.

ant that the thermormeter should be in thermal equilfbrium

[n measuring the temperature of a body, it
ture is to b

with the body whose tempera
rature is called thermometry. A

perature
surement of temnpe
\ike liquids and gases which

Measurement of Tem
The substances

The branch of thermodynamics wh
d to measure

re called therm

ich deals with the mea
the temperature of abody.

thermometer is a device use
ometric substances.

are used in the thermometer a

cales of Temperature
ated into following

Different S
scales :

ometer can be gradu

A therm
Celsius scale (°C)

(a) The Centigrade or
cale (°F)

(b) The Fahrenheit s

ales

(c) Kelvin scale (K)
Temperature Sc

erent temperature scales s

arison between pifferent

n between diff

Comp
or the conversio

]

eral formula f

The gen
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red without firnit and ‘he"*e\‘% |
neaative temperature on Keluip,
o

Sealgd
ot 39 K which al present is
octor) while lowest 107¢ K (achy,
L1510 o Kelvin {emnperature can never be ach\@:,
dthat o 2

,,..--"""'._____

i le ?
& Fahrenhen scale

to twice of Celsius ?

has the i
o th an arbib‘afy scale
ter
A thermom®

o polint a:g 720° and the steam point at 180°
will rea
Cenﬁgrade thermorneter
reads 59 a
them‘lometer

- When the
(3) 16.5 °C S
Solution - |
_(-20) _ 5 :
c-0 _ __,E_.L--- (Here t i
560 180120
._—C;-: -‘_5_4_‘_2_9 = C = 12.5 a(: i:-‘;
= j00 200
Hlustration 5. i 30°C to 90°C. What is th .. ,
The temperature of an iron piece is r.alsed lfr;:vm b S T—— ]
the Fahrenheit scale and on the Kelvin scale:
Solution
AC=90°30° = 60°C

9
Temperature difference on Fahrenheit Scale AF==AC =

- ._
=(60°C) =108°
= 5( ) = 108°F
Temperature difference on Kelvin Scale AK = AC = 60K
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nds. According to atomic theory ol
expansion. As with Tise in temperature
hence the & distance o

E
I

THERMAL EXPANSION
d without any change In its state. it usually e

When matter is heate
matter, asymmeiry inp
the amplitude of vibration Increases and

the atom increases. So the matter as a

whole expands.

Potential
anergy

ses because the curve is
he equilibrium position T
energy of the atom increases.
energy is Eiis not

ergy is E.

ansion ar
jcal

Thermal exp
not symmeltrica

As the tempe
The mean position
that when the en

about !
forces

o of gases because intermolecular

ds but maximurm in cas
ons (Suped‘m‘\a\ expansion) and three

fers change 0 yolume only.

s minimum in case of soli
ids but minimum in gases.

mension (Linear €
nsion) while liquids an!

o dimensi

Thermal expansion i
ally sul

are maximum in sol

Solids can expand in one di
sions (Volurnetric expa

xpansion}, W
d gases usu

dimen
Linear expansion :
£= ity (E+ aAB) = Al = (uA0
— P 4_.-—-—-—'—'"_'2 +AL = —
-!D-T+AT | :::::i:::::::::::l
Before heating After heating
T T+AT

i
Superficial (areal) expansion :
A=A 1+ BAB)
Ao Ag =l and A= =
e, A= oL+ Bae= g1 + oa®)® = P =20 ;
o ]
TA+AT

Volumetric expansion :
V = V, (1 + yA8) Also V= and Vgt = ¥ =3a
3B=2'Y ora:B:-\r=1:2:3 A n -,
e SR 7
¢

£3=[ED(1+c¢A6)]3 - 6a =
cient of linear expans

ient of superficial expansion
nt of yolumetric expansion
s of substance

o= coeffi ion
B = coeffic
— coefficie
ction on heating :

Some rubber like substances

over Iongitudinal vibration W
of thermal Expansion in S
L

strip : When two strips of €d
nsion) are joined together, it is
; p has the char

ke electrical contact. This stri
near expansion of the two metals. The strip
f expansion is more for brass than steel.

Y
orse vibration of ato dominate

Contra

ting because transv
ible for expansion.

olids

contract on hea

hich is respons
officient

s (difterent co
ostat

different matenal
be used 0 ther

al length but of
called "Bi-metallic strip’ and can
actexistic property of bending
metal of greater

Applications
will bend with

(a) Bi-metallic
of linear expa
to break or ma
due to unequal li
side. Coefficient O
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At higher temperaty,
Te

- lerﬂl”er‘“ure
ple pendulum : A
m Dendu\Um

=i
o .
= sed to 9 (= 0) then due to |3
m;::iod will increase. s l“'\ear ::ik \
Ty
s OB 3 AT _1ar Y
T =< A T 5 7 \

'}J](.’ clock me L»VIH bECOm
1 ck WJ'H 1036 ti i.e }
figl 1 ]
bSCOJHe {aEf .lf 2] = (¢] ( W]Itel ( } )
“d‘d\u
Te

ce coefficient © | seasons-

%

pan
Sin in al
o as to prevent expansion or contra
: ot

ion Or contracftlon, a compressive o ttl
wert a large force on the su ensile sty :

' e

SUPports_ ¢ ss is dp_?\

e change i, tem, %G

on undergoeg g

ture,
in it. Due to this thermal stréss
of a rod of length L is AQ then :

Thermal strain ar AO vis FE AL X 1 S
S e e X
L L A6 O thermal stre
; SS = YU., . p
IAD v Y < St

Stra

So force on the supports F=YAoA©

(d) Expansion of cavity: Thermal expansion of an isotropj .
enlargement. PIc object m

ay be imagined a¢ sk

Expansion of A

= Expans;i
Expansion of C‘non -

= E-Xpansion of D
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(=) Some other applications
When rails a
re laid down on the ground, space is left between the ends of two Tails

- The transmission cable are not tightly fixed to the poles
Test tubes, beak i use
it . er.s ‘am:l cubicles are made up of pyrex—glass or silica be T

value of coefficient of linear expansion e i

The iron rim t N
e n rim to kfe put on a cart wheel is always of slightly stalier diameter than that of wWiee
glass stopper jammed in the neck of a glass betile can be taken out by warming the neck

of the bottle.
Thermal Expansion in Liquids
Liquids do not have linear and superficial expansion but these only have volumetric expansion.

-
Since liquids are always to be heated along with a vessel which contains them

-
so initially on heating the system (liquid + vessel), the level of liquid in vessel
falls (as vessel expands more since it absorbs heat and liquid expands less)

but later on, it starts rising due to faster expansion of the liquid.

QP — represents expansion of vessel
QR — represents the real expansion of liquid.
The actual increase in the volume of the liquid

= The apparent increase in the volume of liquid + the increase in the volume of the vessel.

Liquids have two coefficients of volume expansion.

-
of in real) increase in the volume of liquid if expansion of

Co-efficient of apparent expansion (v.)
It is‘due to apparent (that appears to be, but n
vessel containing the liquid is not taken into account.
_ Apparent expansion in volume _ (AV)
¥x Initial volume x A® V x AB

Co-efficient of real expansion (v)
olume of liquid due to heating.

It is due to the actual increase in v

Real increase in volume _ (AV)

Yr =7 nitial volume x A8 T VU xAO
g . (&V)Uassei
Z . Also coefficient of expansion of flask Yvesel = FUxAD
: ), 1 liquid relative to yessel is
§ . Change (apparent change) in volume in liquid 1
: | = — 3a)AB
; AV, = Vifgea ~ Tyessed 29 iy,
: i i nsion of the vessel.
i o = Coefficient of linear expa
! - - - l
s Different level of liquid in vesse
'mvesse\wi\\ﬁseonheaﬁng
el oﬂ'tquidinvesse\w‘x\\ia\\onheatmg,
m\Jesse\wi\\r
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Mustration 10
A glass vassa)
ot mercury W
expansion @

Solution =
AV = NV

Mustration 1l

WO mensions of object are
T There ats
onanditis known as linear EK;?:‘{‘?A\;\ hollow. '

Solution

s s8-% Bs the
e Here o, . &, and a; are coge -
““Q\\ e, B
Ash

Wil

e

\Y
d
the figure: If we increase \ Mustrati
wn 10 following figure. A
e in \) 2!
e 24 1
a

rease in temperature, Soluti

with inc
5olut10ﬂ # b otween any 4
ce an
;;:, r:;; Jimensio” a B ° e on heating what will happen 1-
in .
JHlustr "":,,fmg ving smal 9P is S n
to the 57¢ of g2 s i above example
Sphief,. al increasé The reason sa
Gap will 29
i on rod if its te
hst At i tage change 1 Jength of 1m ¥ . mperature changes by 100°C.
what is the perce’
-5
a for iron is 107/ . %
Solution @ - ; re change
ercentage change in Iengﬂ’l due to temperatu
p
-5
9%t = -éfoOO — an® x 100 = 2 x10 % 100 % 100 = 0.2%
=7 (

Illustration 9.
A concrete slab has a len
the slab on a summer day

%& 1.0 x107°/C

Solution :

¢ =101+ 1x107° x35) = 10.0035 m

2 winter night when the temperature is 0°C. Find the )

gth of 10 mon
ature is 35°C. The coefficient of linear expansion of

when the temper
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I
=C 1o 75°C. What wolume.
and coefficient of volume

Hiustration 10.

A glass vessel of volume 100 em?® 1s filled with mercury and is heated frorn 25
rflow? Coefficlent of linear expansion of glass = 1.8 =108/C
js 1.8 x 107*/°C.

of mercuryudll ove:
expansion of mercury
_ 3 1.8 x10%) %50 = av = 0.87 e Ans.

= 100 x (1.8 = 10~
one being solid while the other

material at same termperature but
they are heated to the same ternperature,

ographic enlargement, o ®

me material

Solution :
AV = Vgl — ¥ AT
radius and

[lustration 11.
heres of same
nd more if

There are two SpP

hollow. Which sphere will exp2
Solution

As thermal expansion of isotropic solids is similar to true phot

is same as if it had been a solid body of the sa

expansion of a cavity
i.e. AV = VT AD
As here V, y and A9 are same for both solid @
will be equal.
2 is held between two fived su
e Coefficient of

a 0.5 mm
emperature falls .
0 %

nd hollow spheres treated (cavity) 5 SO the expansion of both
pports. 1§ the wire is just faut at
ear expansion of steel is

given oy

10! N/m*. _
o that strain 18 tensile and tensile force 15

0 ulZQ-N

Illustration 12,
A steel wire of crcss-sectional are
20°C, determine the tension when the t
1.2 % 107%/°C and its Young's modulus 15 2.
the original length s

Here final length is less than

F = AYaA8 = 0.5 %107° x2 <10t x1.2 x107° %2
S Box-'\

order 50°F,

and boilin

Solution :
50°C and 50 K.
ter indicated.

in the increasing
g points of wal

e following temperatures !
with the freezing

1.  Write down th
2. The figure shows three temperature scales
7% 90°Y Boliing Point
—20°X %Y Freezing Point -
(a) Rank the size of a degree on these scales, greatest first. s
i i first : 507K, 50N and :
5 i e e di both the Centigrade and Fahrenheit scales?
3. What is the temperature at which we get the same rea ing on - S o iy i 13
i i 9 ted from 1 -
4. Athin copper wire of length L increases in length by 1 % when heate e g - > ke T2
the percentagé change in area when a thin copper plate having dimenst i 1
% ©) 3% Y
i e B2 § 0 °C- What 15 the cnande
5 A hole is drilled in @ coPPer sheet. The diameter of the ‘no; s :'.?24 cm at 27.
in the diameter of the hole when the sheet 15 heated t?r,?:,c—*l
Coefficient of linear expansion of copper = 70 x10 ;
5. Ifa bimetallic strip 1S heated, it will » « A |
(A) bend towards the metal with lower thermal expanst ot a4
efficien S
ith higher thermal expansion €0 -
‘towards the metal with hig ) /
(B) bend . ' B
(C) twist itself into helix. f #
(D) have n© bending- -
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colder and the latier W,
/

o sed from the |, 'h\\
fﬂsel;‘gat has pas oy ;
d o7 of
o
th 2 ain @

c

1
‘4]:.‘
ert \
" rea and volume
cﬂ:; or h p hgal i s aceoaf : Condudor
afure i .
%ﬂ;:e:;“’" iths e of ‘?J’grgfy: e eff ;oc;ha" the resistan®
this © is -
% e-lf.:y ::s ‘ hotness 4 cha ae )
felt
Heat 5 i 0 " .
psta
(a) Chand€ tate © = i of 1 a water by 1°C sy
(4 oS f. effect ured in calo tgrnpgratufe -
o (oule)- Also me?s - i |
sI Unit J heat fequired raise the temperature of 14 wme
orie unt © f . t |
- HC:Ideﬂned as the ame ¢ heat red St '!‘I
e
mﬂﬂonal c-a!orf - arﬂauﬂf St e sur .
. Inte tianal calorie 15 f temPe tuir the temperature o a er frg, i
Intern2 o ' o raise :
o coer g n;m]i. atm- 5\
2 o
Kilo orie i un Sssure
3 d as ] g
gy et - v ound water by 1°F. 1 B.T.U. = 25
e & B.T.U.) peratur® of one P &y
e m
preitied therma] e - od to raisé the té - f k
o he amount of heat requiré d vice—versa. The ratio of work done 8
Itisthea ” gt - |
o. 4 he
Mechanical equ!valel: o Canverted A 73 h“
e, work ma, . _
According to Joul: constant i
At e
produced is always consta H

be in calorie.
rk and H must
¢ nature of energy ©r We
na
irrespective ©

ta physical quantity but simply a conversigp ia%t
It is no

W must be in joule, i
J is called mechanical equivalent of he

d vice-versa- i |
: : hat of heat an G v 2
ki work;r;t;; : 103 joule/kcal- For rough calculation e/cal
J = 4.186 joule/cal or 4.
Specific heat (s or € )

The amount of energy required to raise the

temperature of unit ma
its specific heat. It is represented by s

o1 C.

hen it exch
If the temperature of a substance of mass M changes from T to T +dT w anges an ap,

1dQ
heat dQ with its surroundings then its specific heat is €= T

The specific heat depends on the pressure, volume and temperature of the substance.
For liquids and solids, specific heat measurements

of temperature, because constant pressure is quite easy to produce experimentally.
SI unit :

Jjoule/kg-K CGS unit : cal/g -°C

Specific heat of water : ,,,, = 1 cal/g~"C = 1 cal/g-K = 1 keal/kg-K = 4200 joule/kg-K
When a substance does not undergo a change of state (i.e.

the amount of heat required to raise the temperature of

mass m of the substance by an amount

are most often made at a constant pressure a4 fu

, liquid remains liquid or solid remaing solid)

w

Wariation \n specif
is typical for most
large temperatun

There are many
A specific heat
Value of speci!
Generally two

(2) Specific h
These specii
Molar hea

The amour
molar hea

Molar he

1f the m«
the sub
S1 Uni
Then
The ¢
capa

The

5
F’umgs

3
.
i

%

]
m"
g

o
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R B
Variation in s
pecific heat of wat
is typical for most er-ds lesy than 1% over the |
solid nterval §
s and liquids, so thelr speciiic heats can gen;:;yobe‘otz\:luec' s 0 srsicl sl
T 1o be constant over .
alrhy

large temperature ranges.

Th
ere are many possible processes to glve heat to a
A specific heat i b
can be associated to each such process which depends
on the nature ol process

Val i
Ga ue of specilic heats of gas can vary from zero (D) to infinity
: )egerauy two types of specific heats are defined for a gas —
a ecifi
pecific heat at constant volume (C) (b) Specific heat at constant pressure (Cg)

These specific heats can be molar or gram.
Molar heat capacity
The am
mol:: hzau;—ﬂ of energy needed to raise the temperature of one mole of a substance by 1°C lor 1K) is call

capacity. The molar heat capacity is the product of molecular weight and specific ‘mn,-m‘\\:;:;mi
cular weight (M) x Specific heat{ & = CJ‘Q%\

w
nce is m then number of moles of

Molar heat capacity C = Mole
If the molecular mass of the substance is M and the mass of the substa
the substance M = P NG E(EC_!

M mudT

SI Unit : J/mol-K
the whole substance through 1°C is called thermal

Thermal capacity (Heat capacity)

The quantity of heat required to raise the temperature of

capacity. The thermal capacity of mass m of the whole substance of specific heat (s) = ms

Thermal capacity = mass x specific heat

Thermal capacity depends on property of material of the body and mass of the body.

SI Unit : cal/°C or cal/K, Dimensions = ML* TR

a body :

ter is unity so the thermal capadity of a body (ms) rep ‘

as the body is called the

resents its water equivalent also.

Water equivalent of
As the specific heat of wal
water equivalent of the body
heat

Mass of water having th

e same thermal capacity
body is the amount of water that absorbs or gives out the same amount ot
d through 1°C.

L ]
© The water equivalent of a
as is done by the body when heated or coole
Water equivalent= hass of body x specific heat of the mmaterial = (w = ms).
Latent heat oY Hidden heat - .
When phase of a body changes change of phase takes place at constant temperature {melting ‘pom’t. ot ool \n‘%s
oint] and heat released or absorbed is Q = mL where L is \atent heat. Heat is absorbed 1? sf:\\d_deom:ms
4 elting point) or liquid convert into vapours (@t boiling point) and heat is released i Hadt oo
liquid.
d to liquid

lostance from soli

kg mMass of a su
— 80 cal /8.

into liquid (at m
into solid or vap
¢ heat of fusion

alories) required

ours convert into

to change 1
or ice : 20 kca'tfkg

’ Laten
It is the quantity of heat (in kiloc o
state at its melting point. Latent heat of fusion

' t‘ on I - Al . t-
B its 1 kg mass from liquid to vapour otate at its poiling PO /
2
_ 536 cal/g = 540 cal/g g.f'
— ,‘

Latent heat ©
of heat requi
on for water

i d to chang
The quantity re
t of vaporisatl . 536 keal/kg

Latent hea
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Phase dingramm

lfﬂff
L el o s .
Com‘.ruoﬂ bqu‘d s €€ - pre
the 'u:ﬁ““é vape
- m‘!lﬂ" ““h;n par W poils whe?? the s T on Gr
Evﬂxﬂ”r'ﬂﬂw P‘“’“' % S deﬂ't“”" press {ace phe..nofncn . eate,
PRty L e potnit e oo sur W s he cvaporation
prf‘iuf" B‘a‘-""’g mr_nfs = ned c\':lpc . of lia 3d, 17 ra @ = “ure that s wihy, - C.hamm‘—\su
“ Evapo™® T fhaud vapos™ 2 - .t.f::,;mafgf the PO erease® o decreasi™d ® Differe
St pf:':ﬂ ostet B 1 o o aporation vaporatie” © Gy  Aregd
term, . 3 Bl
5.:;"97 the hum ¥ T D anheat of evaporation Tostwis
nwpf:rancn 15 faster 17 vacy jwen temper o is calle ay  Aer
ta
» et e ﬂ-pom' - t M3ss of2 liﬁ"-’éd inte vapot’ B W) Av
Heat required 12 chand® -
at that temnperatire: s
. .Subumaﬂan ur state is caned 5ub|;maﬁo . ase diagra
Direct conversion of solid into vapP? fed heat of Sub“mat\c;n The phi
. Heat of sublimation . . capOours Ltagiven temperature isca e
Heat required to change unit of solid directly into
at that temperature: al con ditions =
% Campher 27 sl TS sublimate® 27 hEgES e f verv—very low pressureé onits surface
. A block of ice sublimates into vapours on the surface of moon pecause @ Y
\
- Condensaﬁon 2 .
: as condensatton \
The process of conversion from gaseous ©F vapour staté to liquid state 15 known \
These materials again get converted to vapour or gaseous state on heating
- Hoar frost i -
.43 s iR ess 0 suoht atl 4
Direct conversion of vapours into solid is called hoar frost- This process 15 just reverse of the pro<
Ex. : Formation of snow by freezing of clouds.
e Regelation
Regelation Is the melting of ice caused by pressuré and its resolidification when the pressure 1S removed.
Jce shrinks when it melts, and if pressuré is applied, deliberately promoting shrinkage, itis found that melting
melting of cold ice is ordinarily effected by raising the temperature, but
the temperaturé need not be raised SO much. %
%
se pPressure
3

In other words,

with the shrinkage
the wire becau

akes place under
en the water escapes Lo normal -\;

\
&

js thereby assisted.
if pressure is present to help
Jce heals up after being cut through by
Jowers the melting temperature. Refreezing

pressure again.

the wire. Melting t
(regelation) occurs above the wire wh

TH

=

AU

a7
oN )

av

AR A

se o1 pressure ]OWQ}‘S AV e e
the melt]ng (Ol‘ f i
r eeZlng) pOint Of Water Con i )&
y Dands Q'

. the melti '
elting point is raised by pressure

T T
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Phase of a substance
s its form which

!.

MICRMAL PHYSICS\OT 'THEO'RY,?“

Phase diagram for water
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Physics

The phase of a substance is defined a
at substance.

separable from the other forms of th

Phase diagram

A region on the phas

(i1)
between two phases and a common po

mine the c©

(iii)

(iv) A phase diagram is useful for

produced.

The phase diagram for water consi
the phase diagram into

these curves divide

Phase diagram for water
(Scale are not linear) =
%\

{At _the triple point solid,
liquid and vapour phases
all are in equilibrium

to the left of the
the curve

-on to the right of
and AD represent
e boundaty betw
phases can coexist n € \y
qui‘ﬁ‘oﬂum.'[‘his curve is calle!
ease In pressure.

below

diagram represents th

Along curve AB, ice and water
shows that the melting poin
Along the curve AC, water @

The curve sho

or steam line.
urve AD: ic

Along the €
ublimation

This curve is called S

isa graph in which pressure (P)1s represented along th
g the

A phase diagram helps to deter
ﬁnding a conv

sts of three curves AB,
three regions.

curve AB and abo
AB and aboV

can remain in e
ith incr

o and water V@
curve or hod

Aeous, physically distinct and rwac\'\.at\\ca\h;

is h

y—axis and lztnpeta\'.uremb represented

- A phase diagram

along the x—axis.
- Characteristics of Phase diagram

(i) Diff

erent phases of a substance can be shown on a phase di
agrarm.
e diagram represents a single phase of the substance, 2 curve represents
int represents equilibrium between thte: phases M
ent phases are in equitiorium.

der which the differ
of phase can ‘oe

ndition urn
which a desired change

enient way in

at the point A,

AC and AD meeting each other

fusion curve
or ice line
R

or steam ine 3

40
3= sublimation curve
or hoar frost line

e,presents the s
onts the liau
W

e the curve AD
ater vapow

o the curve AC repres
phase of water (.. W

s of the substance.

WV

ts the gaseous
cen two phase

rium. The cure

t of ice decre
1 Ails}
reases with

&

. 2 -

vaporisation curve T
1 . L]

olid phase of watet

id phase ol w
). A cuve

>quilibrium
d fusion cuve

(ice). The

ater. The ¥ eg\on
on fhe pnase

or ice fme. This

is called yaporisation curve

crease in pressure-

in
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.GRADESETTER.COM


https://gradesetter.com

WWW.GRADESETTER.COM

ed the triple bt:\,,“

ter ice Water By
-3

> 10 atmos“h%: - in the reglo

- Temperature

e

1o the slop<

ture. \Wy,
jute tery ra “.Q
?n': is O K, One kelvin off * In the res
Tem\petat‘
substance
) length of
’ {In this
temperature % E?"ﬁg ure o0 M.F- and B |
¢ of chang® i BF , T e 1In the
g _ mmen oy MF 1 & B.F, “ - -
- et & B.P- ; i1l boil and vaP S
vt et M.P. T o wi :
- Hei T _ — — e
Q°C on opening 2 3 ecip
Example : o th water @ + be cook od propery:
(1) A bottle i filled Wi b, 156 4 éan no 5 i
2) At higher altitudes of moun b . I )
: ctant rate and 2 graph is P < e
e i t con
Heating cu () of 2 5ol d, heat is supplied 2 n
If to a given mass m, P 1 heating R, o
and time, as shown in figure, it 1%
----------- 1
L ]
di dT
slope = ﬁ =dt
ez mL-pwluuan gl dQ = ms dr
- 3 5
b 5 ta o L time —*
Slope of curve &> B>y tano. > tanp ny o
{Heating capacitVpe = (Heating r.a|::ac;t5.").,..d = (Heating cap Y ) et
o In the region OA ‘
j id is c i i ime.
Rate of heat supply P is constant and temperature of solid is changing with tim
AT . y B
25 —— Theslo : ccific heat of solid cg - specific he
At pe of temperature-time curve SO SP e e O b,
erature—time curve.

(or thermal capacity) is inversely proportional to the slope of temp

L In the region AB

ATempe:ature is constant, so it represents change of state,
melting starts and at point B all solid is converted into liquid. So between A and

and partly liquid. If L. is the latent heat of fusion then

i.e., melting of solid at melting point T,. At poy
B substance is partly sg

Q=m L =Pt =t)
T . [as Q = P(t, - t;] = Lg o« length of line AB

ie., Latent h P
eat of fusion is proportional to the length of line of zero slope.

lIn thi 7 ——
this region specific heat o k. oo]
tan0°
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| Emmamss
(or thermal capacity) of Waquid will e nversety wopon\om\

Nt G B

Py
. i
r “l‘ ]
pl‘!‘.‘r: 3 - In the region BC
T Temperature of liquid {ncreases SO specific heat
T
Mh | to the slope of line BG, €L * Jlope D: fine BC
ila
in of i - In the region cD
4 Temperature is constant, s© it reprgsents chanae of state, 1.2.. liquid is voiling at poilin aot T o L C
Sk a a po o PrC
liquid state while at D is vapour state 2nd between C and D partly Yigquid and panly gas. The
ent heat of vaporisation. ie.. Luy= Length of line

substance is in
rtional to 1at

length of line C
el = Eﬂ‘

this region S cific heat
. et * 1an0°

D is propo

rature increasing Yinearly it thme. The
of substance in vapour

[In
e with its tempe
or thermal capacity

region DE
of substanc

In the
porticma'l to

The line DE represents gaseous state

will be P19
higher ternperaiare

reciprocal of slope of line
state.
Pnnc.iple. of calorimetry
heat willbe \'.rans{erred irombodg at
The body at higher remperaiure teleases

Law of Mixtures :
nt temperatures are mixed,
perature

When two bodies at differe
t lower temperature 4ill both acquireé same tem
ture absorbs it, so that
imetry)

to a bedy &
heat while body at lower tempera
[Pﬁncip\e of calo
try represents the law of conservation of heat enerdy:
erature ) and < higher ternperanire (AR
t be cooled below

e
temperature las @ body canno

(as a body cannot ©e heated aoove

erature of one pody may not be equal

vpody is equal to fhe ne

ure

Principle of calorim
¢ mixture (T) is alway

The temperature of mixture can nev
f cooling body) an

the temperature ©
of heating body)-
erature of the other body thou

other.
— ﬂlusttaﬁons

s = lower temp

Temperature ©

usually, 1
ah heat gain

mperawé?

ORC e Whai is the final te

[llustration 13-
5 g ice at o°C is mixed with 5 g of steam at 10

fo
g Solution
2 Heat requi
£ Q, = mli ¥ m;C;A01
:}% Heat given by steam when con
§ As 1Q; > This means that
=

Hence temperature of mi

lllustration 14.

A calorimeter

t 4200 J/k

hea gKis pour

Solution
Let the tem

(0.1) x 4200

40 - =
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Mustration 19.
S kg ol steam
(Gwen S, e *
(A) Equiltoriu
(B) Eguiltoriv

Solution = a e
Heat requ the ice into .
Heat reau? “’he:: " e,-mm oc to 20 1680 + 13440 + () At equll
Heat mquired to g 58 - © At oa
tal heat required _ of water equi D 3y
2 d in ca!onmetef mass of stea™ condensegd, Solution
piustration 16- . assed into 1.1 kg of wate cor:ta::f:n S0°C. What s 7€ ) o e
(=4
f.;?gzﬂat;a: f::?-np;atire of the ca]orim—eteraﬂd 1 10 kg &
Latent heat of steam = cal/g \ .
Solution B e
H it B +J :: g ©.02 + 1.1 % 1) 80— 19 = 72.8 ke 10
Q = (mye; *+ ™22 25 7 :
If m is mass of steam condensed: then heat given by stea™ g 556 m . 556 M = 72.8
QsmL+ch9=m><536+rn><1>“-(100" )= 1
10
72.8
- Mass of steam condensed = 0.130 ka -~
556
Illustration 17. 7 s _— N %
e H A 0
An iron block of mass 2 kg, fall from a height 10 m- After colliding with the grount .‘t 013;0 e s
to surroundings. Then find the temperature rise of the block. (Take specific heat of iron
Solution :
3 4
mSAQ = 7 mgh - AB= 3x10x10 _0 159 °C w
4%x470
IHlustration 18. 1.
s of three different liquids A, B, and C are 1i0%C 15°C and 20°C TBS‘DEC‘NQ\&Z-
& mixed, it 15 16°C. What will 3

The temperature of equal masse:
The temperature when A and B are mixed is 13

the temperature when A and C are mixed?

oc and when B and C ar
4

13°C - 16°C

Solution :
when A and B are mixed
mS; x(13 - 10) = m XS (15— 13)

s Ny (1)
when B and C are mixed
3 o A
when C and A are mixed
) ) = S, x(20 - 6) i)

using equation (1), (2) and (3)

140

et @ = —
11
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LL by
.;_{[ —, r !
4200 J/kg_"'( .-!. lllu!tra(lon 19. ok
5 ki f i
1680 J ! (%ilvi: s::::r: .:t ;?/E;E:i er: iiegou";l/;o:‘-vg :!i SI:IBO a:a:.}‘;A Choose \ncorrect alternative
P (A) Equillbrium temperature of mixture L': 160°C
(B) Equilibrium temperature of mixture is 100°C
(C) At equilibrium, mixture contains 13%#@ of water
S (D) At equillbrium, mixture contains 1 —z-kg of steam
ok deng at Solution 2
ycon sed? Required heat Available heat RO
10 kg ice (07C) 5 kg steam (100°C)
l 800 kcal l 2700 Keal
10 kg water (0°C) 5 kg water (100°C)
8 J 1000 keal
10 kg water (100°C)
So available heat is more than required heat therefore final temperature will be 100°C.
Mass of heat condensed = 800+1000 _ }_0- ter = }-Q' = a0 _ L K
o5 enerd?. e ol rotal mass of water = 10773773 i
xa ¢ Total ¢ 10_5_,2
otal mass © steam =n_to e
e e e
1. A bullet of mass 10 g is moving with speed 400m/s- Find its Kinetic energy n calories ?
tively . 5. Calculate amount of heat required to convert 1 kg steam from 100°C to 200°C steam ?
jill be 3. Calculate heat required to raise the temperature ofl @ of water ©Y 1°C?
4. 420J of energ¥y supplied to 10 g of water will raise its ternperature 0y | : o
The ratio of the densities of the two bodies is 3 : 4 and the ratio of specific heats is & * 3 . Find the ratio
for unit volume 7 '
erted into 1 kg water at 50°C.
ated till its {emperature is Increase

5.
of their thermal capacities
at 150°C if it is conv

ases by 1 kg steam
ry of negligible heat capacity- 1t is he

calculate rise of ternperatuire of

f 6. Heat rele
e . 7. 200 g water is filled in 2 calorimetr
by 20°C. Find the heat supplied to the water.
g. Abullet of mass 5 gm is moving with speed 400 m/s st ike a target. Then
bullet. Assuming all the lose in kinetic energy i converted into heat enerdy of bullet if its gpecific heat s
500J/kgC.
g, 1 kg ice at -10°Cis mixed with 1 kg water at 100°C. Then find equiliorium ternperature and moixtuxe content.
10. 540g of ice at 0°C i mixed with 540 g of water At 80°C. The final fernperature of the wmixture 1S
on of ice = 80 cal/g and specific heat capacity of water = 1 cal/dC)
() 80°C : (D) \ess than o°C

tent heat of fusi

(Given Ja
(A) 0C

B) 40°C
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s oF HEAT TRA

jy Bt lower let‘l‘\pq:,.“ .
rature 1o 2 ? "y
body at higher tempe
fers [rom @
vhich trans

,
of the following Modey | %
any on< 1
f eneray " ther may take e T
HHeat is 2 form o ¢ from one pody to ane
f hea
The transfer ©

Let temmpe
of heat or
3 d fr
ergy 15 Pass€ om
rt by molecular action and et
. Conduction b the material takes an milty pr:irl.mt in solids-
5 s in whli:" conduction. It i predo
ther calle
particle to ana

- Convection

A LLE

lled conve K->
__ from one place 1© another i € SHen, — 1t
tion of particle of medium Here ¥
Th fer of energy W"’cma[ 1o Jd )
e trans o ids an gases]. )
It is predominant is fluids (ligu this mode of energy {ransmission, heatis m‘*‘m‘ the m
- Radiation . radiation- In this :
ission of heat is knowm as . ing medium. : ternp
Quickest way of ‘;m:nmarher without effecting the inter—venm Radiation X " -
frog GRS Convection fer without any -
g7 7 Conduction . 3 Heat transier 1 th
i r Heat transfer due t@ density medium itd
Heat Transfer due to " difference diation
Temperature difference rRRHEEE , E[ech.omagnetlc ra \l‘ Re
["Die to free electron or vibration Actual motion of P2 - | sle
| moftion of moleailes R No medium required Fe
Heat transfer in Heat transfer in Hu )
solids and Hg (Liquid + gas) = b
Rl R R s i o 108 m/sec) |
7 Slow process Slow process Fast process 3 x t §
Irregular path Irregular path Straight line (ike light)
3.1 Thermal conduction
The process by which heat is transferred from hot part to cold part of a body through the transfer of ener
from one particle to another particle of the body without the actual movement of the particles from th
equilibrium positions is called conduction. The process of conduction takes place only in solid body (exce
Hg). Heat transfer by conduction from one part of body to another continues till their temperatures becgn\
equal.
For i 5 ;
example if you hold an iron rod with one of its end on a fire for some time,

the haﬂdle will bECQ
boi&'n’e heat is transferred from the fire to the handle by conduction along the length of iron rod. The ""b‘aﬁn“&
amplitude of atoms and electrons of the iron rod at the hot end takes relatively higher values due to the

temn ] ] :
= P;:‘fa ture of their environment. These increased vibrational amplitude are transferred along the rod {rﬁi N
oo : o o
it © atom during collision between adjacent atoms. In this way a region of rising temperature ey
itself along the rod to vour hand. t

> . N :
- (=
T ¥
pr . ;
T V4 J 1 E_
] :
=

L1 QZ i

WWW.GRADESETTER.COM


https://gradesetter.com

| el AUEEGRADESETTER.COM
Let temperature of f
of face A be T and that of face Bbe T + AT. Th
n % in lims; t ‘:‘-‘:::r&m““m‘h“ D

of
heat crossing the area A of the slab
s at positio

Q
—_= = dT
g —Kas] o | Qo BATH-Tg)

K — I'I'hermal conductivity I
— It is the meas
ur i

Wil i t: of the ability of material to conduct the h.

. ’ eal.

constan pending on nature of the material of the slab and
2 is named thermal cond
raciipaty ol

the i 1
material, and the quantity | —| is ca
1 mperature gradiant =) si
<hows heat flows §
139

temperature
to |
ow temperature (AT is a —ve quantity).
above slab remains constant with time (remember.

Steady State
If the tem
Peratu
#t doas vary w-nt;;e r‘:i:i t'-.*-l'oss«secﬁon at any position x in the
R T ion x), the slab is said to be in steady state and temperature of rod is not
" not s
e is distinct from thermal equilibrium for which temperature at any position b :"\“’- \3t
2 o ine
r ernission of heat at any cross-section. las lemperature
d right faces are maintained at constant temperatures
th adiabatic walls so that no heat escapes through

given interval of time.

slab must be same
For a cond i
uctor i
rin steady state there is no absorption ©

at each point 4

T,;and T resl::;ia:“ls constant with time). The left an

them and same a ely, and all other faces must be covered wi
mount of heat flows through each cross-

Hence Q, = Q =
% Q,. Consequently the temperature gradie

section in a
nt is constant throughout the slab.

Hence, ——-—le = _&T T =T LT Ty
and Q_ _ra AT Q Ta=5
t G
slab at any position in 2 time interval L.

Here Q is the amount of heat flowing through a cross-section of

Thermal conductivity (K) :
For Ag maximum is (410 W/ k)
(0.008 W [

It depends on nature of material.
K For Freon minimum is12

[ ]
Order of thermal conductivity Ag > Cu> Au> Al

m~! K! Dimensions : MiLET®
at the value of K ==
or the value of K=0

st suitable.

ductivity utensils are mo

e-—l

SI Unit : J s
an ideal or perfect conductor of he.

rfect bad conductor or insulat:

. For
c helat and high con

For an ideal or pe
ooking the food, low specifi
al Conduction

[ ]
wooden chairs.
de of wood.

For c
handles are ma

lication of Therm

e iron chairs appear to be colder than the
of aluminium and brass whereas their

melting of ice-

App
In winter, th

Cooking utensils are made
ny bags to prevent

fur coat.

Ice is covered in gun
ollen clothes and
o thickness.

a single planket of double th

We feel warm in wo
Two thin blankets are warmer than

Birds often swell their feathers in winter.

uilt is warme

¢ than old one.

A new g
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ing the me
ter keeP Al ),
A S EN

ood cand
3 Growth of

TMrl'l'l-I n in po°r hea Nenpibs:
ahf dmx;ew“ are meore In® estedas en lnrrodun:ﬂ'd R=—— ::\i \r: cma:
your ﬂff:;p‘ S fh L] resistanc i conducﬁ‘“""' K o

il jckness L and therm . e

_cection A Lateral th a (T =T
Foe TSRS dy-state (0 yme 0% R Bleat as
ha slab in steady Doe
mount of heat flowing thoud D
In terms of R, the @ g
then, .
If e nams _tq e doing the role of electric potential. H‘i‘\
. mperature 1
HM's law, with € ] .
g s o 3 A oals valid for thermal conduction i same ",
g i . flier that the thermal current 1 Dnuement‘ny a So
ea . c
Mere ogelfee 8 27 0 . A “:; h;ve se::nt Jaw in electricity, which can be very oy
: b
cross-section. Thisis analogous to Kirchhotl's
to thermal conduction. i
: s in series
- Equivalent conductivity for Heat flow through slab —
Ry =B+ Ry Q
Q
oo, b ta t
KA K;A ke 2 N 4 aEE 1
T'- ......... Lzpemmemne" ol JONPRR S ey Ly -
R B &

)

Equivalent thermal conductivity of the system is
e AAAA— AN

equivalent to

L+ Lo = 205

K =
= ie i
K; Kz K; :
4 Equivalent thermal condctivity for Heat flow through slabs in parallel
- ﬁ I”
o R=—=
— —— —’-.é
t -
— [ i 3
—_— [ :
T
L
R
equivalent to ,_<m>_, 1° g e 1
Req Rl R2

R,

Keq K;A KA.
L(A1+A2)= lLl"' ZLZ

Equi
quivalent thermal conductivity K = By digay 2l
A;+A,  =A

i

e LT
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Physics

:sr;wth of Ice on Lakes
n nter at
of lce onatl'rll;o:fzerlc Sonesntire folls o)
The temperature :?e ol B“dc’::rom

st mperabu -

T In contact with the lower su:‘:::e f 4
of lee = 0°C
air at below 0° C

Let area of the lake = A
10 — e
..———x dat

°C and water We start freezing. at time
er in the \al tart freezing. Let
+ thickness

Heat esca
Hest ping through lce in time dt is aQ
o escape of th :n
i is heat increasi
this extra thickness of ice ":' :‘x“apﬁlc E:‘:! T
e = p Adx

dQ =
Q_ mL = (p A.dx) L

KA Lat
<Ot =(p Adx) L= dts%xdx
*®

So time tak

en

by ice to grow a thickness * is t= ol [ wdx = lpl 2
Ka Jo 2 ¥e

ess %, tO thickness %, 18

So ti
me taken by ice to grow from thickn

and
12'.2'2'13250t‘-.t2:t3 w1:4:9

ess ratio t,_:t.z-.ta-.:

t-tz—tl_,jz;PL
KT

Time taken to double and triple the thickn

2
(XZ = xlz)

is transierred from

Convection
process in which heat
fluid). The wpe

Convecti
one plz)::l: r:or?a(f;imsba medium and is the
e
of convection whic; r!;siclz:u al movement of heated substance (usually
example, a fluid in s from difference in densities s called natural convection (for
a contain ). However, if 2 heated fluid
called forced convection.

; er heated th T
is forced to move by a blower, fan or p‘::,ugh e e is

Phenomena Based on convection : p, the process

Land and sea breezes : )

T : ;

o e o R

roe i temperature o?la::;ll?w as compared to that of sea—wafter. Conseauently, the

is higher as compar to that of sea—water. To surmn—up,
during day time. As 2 result of this, the colder air over the

land is hotter than the sea
sea blows towards the land. This is called sea—bre
.« called land breeze.
of Earth

At night, air blows from land towards sea. This 15

Formation of trade winds

The surface of Earth near the equa o air in contact with fhe surtace

at the expands and rises upwards. sure is created at the equator.

At the poles, the air in the upper atmosphere So, a high pressure is created

At the poles. Due 10 difference of pressures at the P e @i at the poles moves towards

the equator, rises up: moves towards poles and so on. In {his way, a windis formed in the atmospnere-

The rotation of the Earth also affects the motion of the wind. Due to an Aewise otation of Earth tne
¢ The steady in-Eost 1O

warm wind blowing from equator to north drifts towards eas orn NO
equator, near the surface of Earth, is called trade wind.

Monsoons *
the peninsul

[n summer,
-« ic due to the
d land mass ri
. owards he

—water. Moreover,

ongly. S0, th
a low pres
nd comes down.

tor gets heated str
As a result of this,

gets cooled @
oles and equator, i

i—clo
wind blowing fx

of the ndian
soll and {OCKS.
A with moiswre

mes more stron@y heated than the water
of water 1 rouch higher than that of the
Js the Indian ocean. A flles
fructed vy mountdms,tk\e moist
fhe moistre condenses and

ur

ntral Asia beco

ar mass of ce
cific heat

falls as rain.
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M- The fresh ay
g the OO N anaml
y Let yermperatire {

3 A are
rnans‘l
thj;_\of‘s- e chieling, & then from wareht
e c.\tc.u\‘c‘“f‘g g ™ T-12
= rT-_1=.
B
uedﬁo“ in ar:;} d\rm\\ — o - 12
a coo! 2ir DW“w-q“\ — aly —
5 = A3T
it or 20 o .
ldw ather and in formg Mmustration 22.
o \ The therr
g the tempemtu‘,_ of cemert
Solutio™

Since !

Hernue

and Doty

ction
iy

onducﬁo“ Ay Tastral
1

0°C)(Bsed). - 209 kJ

Area of cross
(209W/m°CJ(4mz)(1 00°C—
Q= 2
m

[llustration 2.
gth 1m each,

Three identical rods of len
of 1ecm? each and made of Alluminium_, copper and o
are maintained at temperatures of 12°C, 4C and 50°C respectively at Ao
rature of their common junction 3
s

nd the tempe

[ K,=400 W/mK , Ko = 200 W/mK  Kieel

their separate ends. Fi

olution
L SRS
KA ~200x10™ 200
Simiariy R, = -2 and), R 10*
50 copper = :1:66-

R
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sl gy -

am. )
Iremarkq | Let temperature of commen junction T
1 = =
Be!l"l](:n hl!-l:i 4 then from Kirchhoff's current law, iy + ] b, =0
idq, Al s T-12 T _s0 T—4 atoet TG
s direc Re R " Ra = A2°C
’Wﬂw,: | = (T—12)2°°+W-5Ul50+r1'-4)400-0
l‘d&:; = 4”“12)4-{'['..50‘_'_8“-_4]-_0
g sately, o4 = 13T = 48 + 50 + 32 = 130 = T = 10°C
n form = [lustration 22.
ing The th
— ! of :eme:ra‘:ﬁmnduc““iw of brick is 1.7 W Sk Kt, and that of cement is 2.9W it ol Wnat hickness
re e Il have same insulation 25 the brick of thickness 20 cm ? Assuming theit area to be same-
Solution
: KA(T; —
s 7 KA(T; = To)t
ince Q T 2t Eor same insulation by the prick and cernent Q, A, —Tyandt do not change.
K
d not 4 fedcol’ 37 remain copstzat If K, and K, be the (hermal condueBvities of brick and cemert respectively a4
17 29 29 ’
L, and L, be the required thickness then -‘E_"‘ﬂ-z-or S0~ 1= I Al gER BT 3412 cm
1 2
a\\—d—ﬂc\mess. They are filed with equal guantities
compare the coefficients

atical in sizé and W
in 10 and 25 minutes T
f the yessels:

Niustration 23.
pect‘we\g then

Two vessels of
ice at o°C. 1
conductivity ©

different materials are ide
f the ice melts completely,
f the materials ©

f{he time it which

e cases ig same.

of

of thermal
and. tzba

Let Ky and K, be the coefficients of thermal conducf\\ﬁw
Since both the vessels aré identical, S voth th

ice melts in the
KiA@; —02h KoA(0 —O2)tz
L L 2K, "
ntact with each other. Their thickness 21e 2
\ate is _920°C and that ©

of the first P
of the contact surface it

Solution

two vessels.

Now, Q =

[llustration 24.
Two plates of equal areas aré placed in €0
The temperature of the external surface
What will be the temperature

respecﬁuely.
plate is 207C.
e in the ratio 2

of the second
same material,

Solution
Q Klmel —-0) R,H0 -~ 09) Q
e —--""'-Ll ~ = L'z Sadl

Rate of flow of heat in the plates is & =
—20°C, 8;= 20°C,

4K =K =B

(i) Here 0, =
L= 2 cm = 0.02 m, Ly = 5 cm = 0.05 m an
KA(——ZO—B) " KA(B-‘ZO)
becomes .--—-—-“"'0'02 = -—-—'""""0‘05
- 26°C

.. equation (i)

. 5200 =20-207 ~100 - 58
K 2
K _ 2 4K =35k

oy o BB

Joapn-) KAEE) o000
005

- from equation (i) 002

M K, =5
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.v'r ‘:‘_‘: \
| o thermal cong \
dT Y e
e
a. Calculate 0
Solutio” S .
be the t
4R = KA = W sy
G dx [ 1 ____‘LJ Three
e
B - N e
iy
3.3 The
t.hermal current ” -
4 K T -—TG Jrifz
NS O The
i= R hat d‘\re,ction water is ¢z
iy 5 A& Jaced aboveé the larmP- I WHE 2 sur
e g -
‘ Water in closed tube is heated with oné arm vertically P a e
begin the circulate along the tube ? h | .n“
Solution ‘ - i pUSh the
i i will rise Up- is :
A will becomé lighter and 5. % g t

On heating the liquid at
will move clockwt

liquid in the tube upwards and so th

B to A.
BEGINNER'S BOX-3

1.  Explain why :
(a) a brass tumnbler feels much colder than 2 wooden tray on 2 chilly

) two layers of cloth of equal thickness provide warmer coverin
of double thickness ?
()  mud-houses are colder in summer an
(@  In winter birds sit with their wings spread out ?
()  Woollen clothes are warmer than cotton clothes ?
2. Two metal cubes with 3 cm-edges of copper and aluminium are arranged as shown in figure. Find '

100°C % 20°C

Th
e total thermal current from one reservoir to the Ao

e liquid in the tube

day
g than a sin

gle laver of cloy

d warmer in winter?

et THEURLFE?

(a)

@, 1 tio of the i
thermal current carried by the copper cube to that carried bg the alumi
minium
Q

Thermal ivi
conductivity of copper is 60 W/m-K and that of aluminium is 40 W/m-K

wn situati
on, calculate the temperature of the common interface

WWW.GRADESETI'Eﬁ.COM
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el .
4. Calculate 0, and 0 In shown Stualion R Pyl
200°C 18°C
. — —_—— 1 —at— 1 —
5. e tem
et tel’;:;::;at the ends of a uniform rod of lenath 100 cm are respectively g5°C and 5°C. What will
6 Three cond re at a point 30 cm far from the hotter end 7 Also calculate the temperature gradient.
- hl':r uctiing rods of same material and cross-section are ghown in figure. —
o of A, D and C are maintained 2! o, 90°C and 0°C. Find the s e
heat flow in AB. o]

Basic F
Absorptive

Tempera

of length BD and BC if there is no

Thermal Radiation

The proce
is called radiation. Wh
surrounding it The heat can

The process by which heat

material medium.
It is radiation by which heat

(a) Radiant energy
at the detector.

(b)

case of light.
(¢) It can travel through va

(d) Intensity of radiati

Thermal radiation can

)
All these

ligh

wavelength of therma
When radiation passes thro
absorptive power SO tempe
In order to obtain @ S
m. Normal glass
intensity is m
re always

and many

pris
Radiation
Heat radiation &
Infra-red rays-
Thermal radia
Pressure-
undament

ss of the transfer of heat from one

en a body is heated and

not go out from the body Y

both of these process require the presence ©
is lost in this cas¢ is

from the Sun yeac!

travels in strai

on follows the law

(e)
Radiation takes place in

other prope
o olectromagnetic W

t and these are als
| radiation is larger
any medium the

of medium slig

easured with 2

tion when in

ght lines and

CUuIT.

be po\aﬁsed in

ugh
rature

obtai

place b

hes the Earth

It is reflected and refracted or can be made

(=]

solid, liquid & g
rties establish th

o another =it

when some

to interfere.

f inverse squar
the same
ases.

. Radiation
object is Pl

radialio

n radiations sl
htly jncreases:
jal prism is Us

ace without heating
,it loses

heat even

The reflection OF refr

as light by ir

ightly

ef
used (©

has the foll
in the path, its

at heat n has near
i the only difference of wavelength OF

aves W
than that of visible Yight.
A like KCL pris

ecause it abso

electromagne

the intervening mediurm
there s NO mmedium
convection since
ounding ooijects.
ence of any

wher

owing ptop@.ﬂ.'\es-.
“hadow is form

achion are exaclly a5 n

ansmission througn 2 nicol prism.

1y all the pmpert‘\es possessed oy
frequency- The

medium according 10 ns

absorbed ©Y
m, Rock gelt Pr o Flourspat
fos somme tad'!a{\on\.

ey QXS caled

fic wave spectrum SO t
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. Radia

fferenceé w.r-t.
. - 9 wy
itted radiation by are’
e radiation by ideal plack body
Bl
g T
|

Emissivity () o
* Absolute emissivity or em;ssw:ty i
time comssPondfn t temperatur® i

& I unit = W/mzK

ssi
g to uni
e Qos -
Relative emissivity (e): % = Qps

1 body, BB = Idea

GB = gray or genera

(i) No unit

Spectral, emissive; absorptive
Due to incident radiations ©n the surfac
divided into three parts. (a) Reflection (b

ergy conservation

tion ener®y giv
the S

al black body ©r
ower of a give

e of a bo
) Absorption (e

e coelficien,

are unitless = ‘B S

denl Body
- A body surlace

3, 2 and 22
t s,ec.ond at a pary
S, ‘ength and ern

ce are? in unt
inone suriace.
of the body Sy The identica)l

are2 of 2 body 1N iy

urface A
1 ed Ern'lss“ntg'

= omitted
e, = |

(iif) rang® g =

n bodVy surf

cur by which th °
-

Pre

o radiation is

P
dy following phenomena oc

) Transmission

nt of reflected
radiation Qr

. From en
ount of inddent
radiation Q
i 1
U
\.. radiation Qal
amount of transmitted
radiation Q¢
Q='Q'+Qa+Qr 5?9—'~+-Q‘1-+9l:1=> r+a+t=1
Q (el
Q,
3

r

Reflective Coefficient r = 6‘,

Transmittive Coefficient t = %
r=1and a="0k t=0 =5
a=1and r=0, £ w0 -

t=1and a-=0, rm ) -

Reflection power (r) =

Q
at—XIOO %

lransmission power (t) =

Absorptive Coefficient @ = "

Q
x100 | % Absorption power (@) =

Perfect reflector
(ideal black body)

Ideal absorber
Perfect transmitter (diaﬁlermanous)

% %100 | %

WWW.GRADESETTER.COM
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Ui
Physics

- A body surface
which abso
length and emits out all u\:: all Incident (harmal radistions at low tarpers et
absorbed radiations at high lzmperamer:llr. :’;:;:'ﬂ DAL SE A Do
ass 1o be an Wdeal black,
Toodny

surface.
The identical
Parame
ters of an ideal black body is given by a
= a, =landr=0=1e
-t.e =1

Ferry's ieal black by
The nature of
emitt thi:
itted radiations from surface of ideal black body only depends on its ternperature
body are called as either full or white radiations.

rface of an ideal black body is always continuous

The radi f
radiations emitted from surface of ideal black
18
obtained is continuous then it must be ideal

At any tem
andiacion d?:ratture t_he spectral energy distribution curve fors
g to this concept if the spectrum of a heat source

black body li
i y like kerosene lamp; oil lamp, heating filament etc.
o ok twea!'oexpl?ﬂmentaﬂy ideal black body
a) Ferry's id
A it black body ~ (b) Wien's ideal black body:
e
mperature, surface of ideal black body is 2 perfect absorber and at a high temperature it proves

to be a perfect emitter.

An ideal black body need not be of black colour (eg. Sun).
ere is a continuous

L]
Prevost's theory of heat energy exchange
( except zero kelvin temperature) th
s exchange carry on for infinite time.

According to Prevost, at every possible temperature
and its currounding and hi
unding decides whether the body experience

heat energy exchange between a body
The relation between temperature difference of body with its SUTe
cooling effect or heating effect.
nding : The body radiates

ody is placed in the hot surrou
empetafture of body increases.
more

ng : The body radiates
oling effect)

\ess energy and 2bsorbs more

(Heating effect)

energy and absoros \ess enerqy

When a cold b
energy from the surrounding, therefore the t

g When a hot body placed in cooler surroundi
£ from the surroundings. Therefore temperature of body decreases. (co
5 When the temperature of a body is equal to the temperature of the surrounding
g The energy radiated per unit time by the body is equal to the energy a‘osorjoe-d per }m‘\t fime b\jy he :\wa
£ therefore its temperature remains constant and the body is in thermal equiliforium with surrounding.
? no heating and cooling offects are seen.
| KIRCHHOFF'S LAW _
: - Josorplive power
At a given temperature for all bodies the ratio of their spectral emissive power (e;) to\izzi\ua;ti,a;\zem v i
(a,) is constant and this constantis equal to spectrel emmissive power (&) of the ideal black 0O pee
vy
e
e ' EL‘X :K;}:X — constant Hence
: =E, = constant a By by |
~ emitters
Good absorbers aré good emitters and bad absorbers are bad
B
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the
ht ernitted from the ceny
n white lig
e here) some of the radiations are 5, %,
romo*P ™ at the tme of total solar eclipy, s,
f . g
2 only rays from chromosphera ar, N

in the rth and
t rea i raunhoﬂcr lines- £

Pre-Medicol

Applications of K
Fraunhoffer’s
Fraunhoffer lines
of the Sun (PhotosP er rk lines

by the gases present. rp_r.u!tmgmda ”

photosphere €0
that time we ©

light rays emitted from

to reach on the Earth surface- At

hen radiation from Sup,

nights cold
bsorber is a good emityg,

o In deserts days are hot and
absorber an

Sand is rough and black, so itis a good S Ki
incident on sand) will be very hot. Now in accordance with Rir

So nights (when send emits radiation) will be cold.

d hence in deserts, days (w
chhoff's Law, good a

Stefan's Law
unit area by ideal black body is directly proportional to th

The amount of radiation emitted per second per

fourth power of its absolute temperature.
Amount of radiation emitted where T = temperature of ideal black body (in K)
E=cT! (This law is true for only ideal black body)

SI Unit : E = watt/m? o — Stefen's constant = 5.67 x107° watt /m2 K% (universal constant)

Dimensions of o: M'L°T? 07"
Total radiation energy emitted out by surface of area A in time t :
Ideal black body Qpg = o A T*t and for any other body Qgg = 54 T

Rate of emission of radiation
When temperature of surrounding Ty (Let T, < T)

Rate of issi o g
of emission of radiation from per unit area of ideal black body surface E,~d ¥

Rate of joci L 1
N emission or absorption of radiation (per unit area) from surrounding E,= ':3"['04

et rate of Joss 3

B of loss of radiation per unit area from ideal black body surface is
t—, - = l 4

Neb i L =oT el g (T'- T8
el loss of radiati
on energy from enti in ti i T4
ire surface area in time t is Qg = oA ( _ Tod‘ )t

F
Or any other body Qs = €, Ao ( T - Tcn‘:L )t

“in time df th
e net heat energy loss for id i
eal black body is dQ and because of this it:
s temperature fallg
by ¢

e of Joss of h t d
eat (IBB) R, =d—? —cA(T* - T%) J/s

also equal t ;
© emitted power or radiation emitted per second

fall in tem £ 88
peratu : dT
re (Rate of cooling) Rg = dt = ;li Mg -TS Ji 12 dc? ms(—iir—
t dt
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[ ,'
Wn
trag, 4
ﬂhiq 3

Two solid sphere (same material)

(sarme T, Ty + 5 P
(different radius ry.

)

Two solid sphere

By *= g

- poaXIUTD for fiat surface

(different material) (same
axtace

Ruy = ~
o paXimum
- m'lnimum

Different shape bodies
(Cube, sphere, eylinder

flat surface)
V, same materials) aurface

(iv) Two sphere
(one solid and another hollow)

(‘I‘,T,s.Aaresama)

Different bodies made

of different material
(T, T M, A){s-different}
of body,

temperature of bo

d"ng‘ M = TNass

dy and surroun

absolute
— density, V
adiation,
face : greater
cater the are2

— volume-
depends o *

(), faster

Where T and Ty
s = Specific heat, p
When a body cools by T
Nature of radiating sur
ating surface @ 8¢

o the coolind-

will b
he cooing.

its cooling
the emissiv:lt?

Area of radi
diating body : 8F
diating body
body : greater

Mass of T
. greater

heat of ra

Specif ic
ture of radiating

(v Temperd

dT.) .. 4
Rate of cooling [——d—t—) is directly

(T = T, # 35°C]
f body [all te

RS E

[(when
T = temperature o
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spectral ene

Area betwes
the ermissiv

Wein's n‘sp‘aq

- femperatt oy .
Loss of e et 2y =2 Boltzrnan‘s Jaw
. Jaw is an oxtended for™ of Stefan= T roitzman —
. e s Jaw from stefan's .o ‘
Derivation of Newton s
A =ty = AT} —
Lo ) {r=T, +AT
i i m)
1+3" = 1 + nx (Bmormal theore s
ﬁs-gé—[(‘r,, +AT)"-='I;‘J 1fx<<<1 then (
dt ms Relz
AT =
T oA a1+ T 1 o
al . oA T4(1 _A_.]_-)-t'_-ra :_‘ZﬁTg (1+_é__}4__1] O[ T, Sol
dt -+ o [=ms T,
t ms 3 3
5 ra
= .dI= KAT here constan = ,__.-——-—ms
dt X -
ence)

L5 4.5&1:{]41‘

dt | ms
- dT
Newton's law of cooling 'a; oc AT (for small tem
ack Body radiations
jven by : Plank

Spectral Energy distribution curve of Bl
Practically given by : Lumers an

R L T,>T.>T
f 1< A< A,
& different
wavelength
and emitted

radition

d Pringshem

perature differ

Mathematically g
different
frequency
and emitted
radiation
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Results from these Graphs

Wien's displacement s

N s
v

a'n

spectral energy distribution curve (E,~»)
@ BT

Kok
@) e Area fE,an=E= o
3]

Area between curve and A axis gives
i A, _ T\-E
ence =\,
nce ", \ T

th increasing

the emissive power of body
n of radiation decrease Wi

aximum emissio

Wein's Displacemeht Law
The wavelength corresponding to ™
in's displacement law.

] . This is known as We
— 2.89 % 1072 mK.

temperature [JL . 1_
i 3
where b is Wein's constant

fb:=ML'TO @

Dimensions o

T {c:]\xv]

ant part reaches the Earth. The
\es to the Sun's
olar constant.

Relation between frequency and temperature Vi ____c,b
Solar constant 'S’
ntinuously in space of which
time by 2

The Sun emits radiant energy co
t energy received per unit are2 per unit

at the mean distance O
t S is taken to be 1340

an in signific
black surface held at right angd
atmosphexe] is called S

solar radian
rays and placed
The solar constan
of the Sun
dius of the Sun and 'd' be the radius
the energy emitted by the Sun per seco
ed by the Sun in oneé cocond = E:¥= E
equal to the radius of the Earth's orb

face area And?®)
it area of Earth

of Earth's orbit around
nd per unit area- The

% 4nRZ. (This eneray

it around

e Tempefature
Let R be the ra
the Sun. Let E be
total energy emitt
is falling on @ sphere of radius
the Sun i.e., on 2 sphere of sur
So, The energy falling per unit time per un

AxnR% X Be E R?
= 7 4nd® = -
R = 7x 10 o . 1070m, o= BT Y 108 Wm K
ER®

S = dz
1
112 \&
_ 5132 %

Solar constant
E = ch4 _
1
gisc a7 1t 1340xk1.5x10 \
“I51% 8 %1 10

By Gtefan's Law
':5'1'4 R? N :
S= d2 o xR
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in ground. State

1
e is imposs‘b‘g'r:" P'Mw:“\- \ B
Hing temperature of o, A Iustration v

—_—

Total radiation n -
dent o

win)
¢
At absolute zoro b nps | abso e
- ccion an F ? is temPe

this l'e.rnperdturt! emi : phed at = worked !
en:wrgy exchangd® theory do€° not ap! p—— L its surrol-“"d‘“gs can 1 so‘ut:’ ol o

the theory rate of cooling of an¥ o S — c;‘

’ O et oo o, s Jaw of caslind i plack pody 18 a TRy -0+ Q +Q
A L - W S isive POWET fan il ain base of this appg, So -
e SPQCMI o Pafatus and the i h\ ransmittive
y 7 A - rchhoff* law i ut by Rishi 2P Mustration 29 <
jic: f K offs carm -
¥ The pracnca.l canﬁrmaﬂon o
= - e Pow
is a Lessilie container - e,{pwssgd as =
Jaw can -
- The main conclusion Predfded from Kirchhofs e operatng ey
Solution
v
Good absorber = Good emitte
Bad absorber = Bad emitter e e
tem erature) : r ‘
h temp and Ry will be maximurm for the “‘ © W = AecT
Mustration 30

(at hig

same for different shape body then Re

ture)

(at Low tempera
VvV, p, are

If all of T, Tgs M1 5
surface.
- If a solid and

down at fast ry, "
Taw a graj

with all the pararnete
f condition of spe

> S, 7 53 Solution
E= oT

hollow sphere are taken
cific heat is 51

R,.—u:}-ac%}- so dt o< s- 1
1l then raqu'\red ame

Rate of temperature fall ,
also identical for a

and if all cooled same temperature i.e- temperature fall is
ol =k >t logE =\
- Spectral energy distribution curves are continuous. At any temperature i all possible waveleng \ogE =
radiation between (0 — o) are emitted but quantity of radiations are different for different wavelenath o
. " - m =
As the wave length increases, the amount of radiation emitted first increase; becomes rnaximum and LY Msteakion
decreases. . 1 ter
. - : ; . emit
At a particular temperature the area enclosed between the spectral energy curve and wavelength axis SNSo\uﬁon
the emissive power of the body. Area = IE,_d}\. ZE=oT* E
: 0
k Spectral classification of stars
—
Colour of
star Blue White Yellow Orange Red
Temperaturé ;
of star 20000 K-30000 K IOOOOK—ZOOOOK 6000K-8000K 4000K | 3000K
' LW
. [1lustrations ' .
<
! fo F
. for the moon i
1 i . :
s 14.5 micron, then find its temperature.
P dis
placement Jaw A T=b . b 989107
m “T=1—= 14 - = 199.3K
m DK 10
\
ﬁ
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hot IMustration Z8. :
%“l' Total radiation incid Phys‘ﬁ
nc
by body. Then find e:u.:ti:u:c'dy ‘5 s i
,bu s smittive power in percentage. ot
Q= Q + -+
s ,+ Q, + Q,= 400 = 80 + 120 + Q, = Q,= 200
T So transmi
4 mittive power is %—'—x 100% = 50%

IMlustration 29,

The operating t

g temperature of a tungesten filament in an incandescent lamp is 2000 K and #ts emissivity s 0.3,
ant o = 5.67 x107° W2 W

Find th
in e surface area of the filament of a 25 watt lamp- Stefan’'s const

Solution
-- Rate of emission = wattage of the lamp
e = =10OLE K 16'"“ mz

. W = AcoT?® = A = ——
T ~ 0B3x567x10°% 2000)"
Illustration 30. T o
Draw a graph between | \og &
n logE and log T .
Solution _T\ogcs \/ \ng"f_*x'
i Y
E= oT? (taking log) .

logE = log (cT%)
logE = 4logT +logo This is equivalent to Yy = M* ™ C (c <lsoitslogisa negative quantity)

[lustration 31. : | e
If temperature of ideal black body is increased by 50%, what willbe percentage increase quankity of radia

emitted from its surface.

Solution ' A
151 3l ST
! E < TE “Endes E =« (1'5)4-14 = {Tﬁ - mKZX T < o
i ——
? §'}'T4 __T4
| E-E_j00% = |15 100% = 406 % =400 %
E

| f ¥ r — in @.’(‘(\'\SS'\\JQ, yale
i ed yom fo tha'ﬂ. {md 0\1’[ percemage \OSS
ture Of ideal black bOdy 15 deCTeaS 2 '

If tempera

Solution
i R s
gl E 0'3['2"] 16 -

Remaining 1s 6% \ Pxpptom
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-2
(ot BETW SN Stefary \

-,

3 e
ton 33+ rwh = Tust _—
B ot = tcf""fram,!; :;—" o -t K T
P _ 5.67 = 1 Assuming Newton's 1o
3 ot wom < - : l?)”“ _ 1000 K in 7 minutes. Temper
Solution se7wem” =7 67 *1 1 [5.67222 a2 Fremsloa
n E =5 E]* = [_,_.:.-—-f""'"fb“?r
= 5.67
~ T = E orT [G] rensity is oblﬂmﬂd at aboyy A, According to Mewtem
- al i (=3 5
™ crum the maximu “L furnac® in = Since the temperaty
[ustration 34 s 2000°C. in its SP€ wmperahl"—' of th 60 -a0 w (60
The rgmpﬂrﬂlu'""’ of fl-lma‘ o ZOOOA cafwlate the i —_—
tensity 1=
If the maximum £ T = 4546K
11
Solution vy 4000 (2000_,,273 - 200021';)3 ‘—:’C the temperanur
using An1 = 2 273 A
.;::e :empe’:ah-lf‘? of furnace = 6 ol The outer surface ay - .
0.81 respectiv=" The wavelen o
Hlustration 35- < it 01 and me rate:
5 d B have thermal emissiviitt g to maxy, = 5T, = 140

Two bodies A an

the two bodies are same, the twWo

spectral radian<y of
1. Explain why

corresponding to maximurm
spectral radiancy in the radiation of A by 1.0 pm.
(a) The temperature of B
®)  Wavelength %g - @ abo
Solution ®) sy
(a) As both bodies A and B having same radiant power . L a a
_ (0.8V)cXle
& PPy = eAaAATA4 = eBO'ABTB4 = {0-01]GATA ( thi
0. 01)"" T, 5802 _ .
Te =] ——— T —A_Z _— =
B=(5gs) ARE e W
(b)  According to wein's displacement law N
e
5802
24Ty = 25Ty = Ag = EEBEJ Ap = 3ra N
= - @
As dg = Ay = 1 pm il-&g-=1pm::> 33=1um:>7\.3—1.5um-
B 3 E -
Wi
1’

IHllustration 36.
on what colour will appear as temperature 'mcreas%
3. W

When a metallic body is heated in a furnace, th
Solution. T o 1 | A

m

As Temperature i
re incri i
T - eases colour of body wi

Define (i
ution (i) Steady state and (i) Temperature gradi

(i)
bz[f‘:geffli ;ned:f a rod is hfeated, the temperature of various points of the rod changes copy
R o 1 ;:1; a state is rea.ched, when the temperature of each cross—section becomm‘h
B8 freb o ady state. {n this state the heat received by any section will be totally tr es
ion so no heat is absorbed by any cross section. Y ranstey

Temperatur
e gradient j :
of flow of heat is defined as the rate of change of temperature with distance in the g
' | reg

Il appear from red, yellow, green, blue and then whjt, A

ent in conduction of heat through a conducting m’ds’

[ro—

T ——

R
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Assuming Newt .
o on's law
in 7 minutes. Tem of cooling to be vali
5 peratur lid. The ternperal &
e of surroundings being 10°C E‘at:: \u‘;imoi pzb m‘\} Cha:? Lo e = Siinl
= ure after next 7 rminates.

A=

According to Newt:
on's law of caoh
ing :
s from 60°C o

Solution
T =T T, +T
z -K(——“—'—‘; 2 —‘\‘q

Since the temperalur 4 7 minutes
ture decrease 0°C in

¢

8040 _ i (2520 o
2 ‘10] = = _k(0-10=¥X"=1733
7 minutes then -4—9—%:-;3' - '_'}5, M,\u\

2

If the temperature of object becoms Ty in ot

~ 20+ Ta

s 40 = Tzi= i
2 4 {4D+T2_20)—':-“160-4T2

= 5T, # 2405 & 266

Explain why :

(@) 2 body with large reflectivity & 5 poor ermitter.

(b} an optical pyrometer (for measuring high tempzramrﬁ) calibrated foran idea\b\ackbodg cadiation GVes

to0 low value for the temperature of 2 red hot iren piece 0 \he open, but gwes 2 correct vaue fof
the temperature when the same piece s in the furnace

“ the earth without 12 atmosphere would be inhospitad¥ cold

(d) Heat is generated continuously in an olectric heater but its tornperature xnains constant Jftex some e

(e) The bottom of a cooking vessel is made Black 2.

@ On winter night you feel warmer when couds cover the sk than when he Sky 1S dear.

(@ A thermos of vacuum flask can keep hot things hot and cold {hings cold for 2 \ong TMe, how?

: : -
Two spherical «deal black bodies of radii r, and Yz having surface remperature 11 and T, Tespective:
T, B —
If both radiate the same power- Then calculate the ratio of -'ﬂ
i i 2 i ing from 60°C o 50°C, then find
If a liquid takes 30 sec: in cooling from 80°C t© 70°C and 70 sec in coolingd
the room temperature- - e
j coanuies:
i i i will be its ternperature after next

A body cools In 10 minutes 0°C to 40 C. What
temperaturé of the surroundi
Calculate
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So, internal energy depends on
Emn =T

For a substance U = U

WUpr = depends only ot

Specific heat of \deal gas s

Al real gases behaves as a

Gas molecules have point

rties
The :sr:,’f;sazfy = o pe ceal 9
ot wmpgﬁ,rurf mrcs solid > liq ; 83] as <!
fo . id 2T . is no eifect ot
].—.urﬂ"’wcu’ar 5olid = ligy i 511" gas- for 50\'«:15 PE aravity on
_-— et o Equation of state for 1d
P’ofﬂﬂﬂa} el::::y re for 5oﬁd- ‘fz: 0) and M‘n‘mu \\' ° =
en Same . _m
Are i::emal kineti€ = Maxirnuﬂ'l for ideai o for f’ohd -
@ sential Enerdy ° and Minir™ \ecule
@i fnleﬂ"al g Maxil'm‘"m for 1deal goe of @ g PR
- fnterﬂa’ Energy : m= mass " v
(iii) N/N as5 Oi gaS = —1
Notatio? ., = 0 saht
5 _  Molar amoun g M 1 0?2 molgcules/ mol M ‘-no'nec‘—daf weid Gas Laws
J dro consta? — 6.023 % - N f gas M° ecvles B Boyle's Law
N, = Avoga 8.31 J/mole N = Fou 082 B
‘ g b= VAN ccording to it
R Un(u\grsaj gas Molec ular density )
= 3 cal/molek N = proportional !
4 Specific .
§ = Holtop constant
dar P
tm
Temperaturé 1a = Charle
Pressure Accord
92.4 iitre
o s
1 it — 10°m® = 10° cm 30 o g/ec
2 o1
Pmrer-:IOOO kg/m3 =1 Q/CC! pice'-goo kg/
Ideal Gas Concept dt volume of contain€
* — red 10
' Volume of gas molecules 15 neghglble B, COrD5 K)
: t O
So volume of gas = volume of containerl (Excep
; ' es.
No intermoleculer forces act between gas molecul Gay-
perﬁes of Ideal Gas o and pressure is k“
s re
- ve ossible tempera
A gas which follows all gas laws and gas equation at VBTG ' %
ideal or perfect gas.
: : ; . Linetic energy 1S ont translational Kinefi
deal gas molecules can do only translational motion 50 their kinetic v Y -y
/ Y .
leal gas can not be liquified because IMF is zero
y of ideal gas is perfectly transiational KE. dg

so internal energ

tential energy of ideal gas is zero

directly proportional to absolute temperature.

AT
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So, Internal energy depends only and only on its termnperature.
Een = T

For a substance U = Uge

Upgr * depends only on T, Upe*®

f ideal gas is constant au

LAbways negate)

+ Upe
depends upon inlenf\o\e,cxﬂar forces

antity and it does not
erature and low BT

and velocity is ve

nd low densitd-

an/=)- Thats Wi Weere

Specific heat ©
ry hiah o’

All real gases behaves
ible volurme

-
= Gas molecules have point mass and neglig

is no effect of gravity on them.
Equation of state for ideal gas

R e .3
_@Hﬁﬁ — pu=TARgT = -*mN"XRT —\:ﬁ” T = MKT  where ¥ curdiber of Thcies o aRs
™M, mMNo 9
P Bolzamant constant

— [P REL KT
P,
Gas Laws
i B e § a s s inwersely
wure, the yolurme of 2 &
According to it for a given mass of an ideal @25 at constant fempeT®
. = Constnm =
proportional to its pressure, i.e-, e }ﬁ if m and T —m
‘ m=constant R A \
T=constant
P PV v
| — > —
v — 7 v
| rhonal
E -~ Charle’s T2% t constant pressure, yolurne of 2 82° is directly Prove
i ding to it for 2 given mass of an ideal gas &
| According | .
. T i ma“d?:-.(}onsan
to its absolute temperature, 1.8 V =« -
_______...---"""'——
WS 7 \
\

g v T
2 - T B T
5 cona
g cessure of @ gas s directly PYOPT
: ' olume, P
{ 2 W 3 \l constant Y
1 ac fan ideal gas @
2 mass 0] N
i i m and \J = constam
i
|
1
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Mustration 42,

Calculate the
Q\-h molecular wy
\\ Solution ’

% (2
wo cti g P, +
ixture © i = P, %
the mixfures PV = ur1

of partial

it ‘s Parti=z
Dalton (o it. 1he pressure

rding n :on S
Accorine mponent 857 [1lustratio e
// 0.5% fro™ e N E :
C its pre.'S-SUl"z increases by rom ec
nstration 386 rature of 925'%Y A Mustration
By increasingd AORE itial temperature of gas
ol thei WphatiIe s _5__3‘..1-9-9' _ 1000K f:.\:‘ the
‘ q = e m
7 AT . 100= AP 100=05= 0.5 ot
.. At constant volume Te<P 5y Solution
Hlustration 40. e
Calculate the value of universal gas constant at 2
Solution
Universal gas constant is given by R = = .
-3 3
i = . 107" m
_ 22.4 litre = 22 4 x
One mole of all gases at S.T.P. occupy volume v liggs 9% 0 e i R b
P = 760 mm of Hg = 760 % 102 x 136 x 107 x3Z- ,
= 3,9.80x22.4x107° e

- 760x103%x13.6x10°x9.80x22. D sliad mol

R 273.16 | -
Hlustration 41. Mo
on gases at a temperature of P

a mixture of neon and arg
the mixture is 28 g-
f the individual gases in

If the gram molecular Weighy,
the container, ass‘mh\“

A closed container of volume 0.02 m? contains

and pressure of 1 x 10° N/m?® The total mass of

neon and argon are 20 and 40 respectively, find the mass ©
them to be ideal. Given : R = 8.314 J/mol-K.

Solution

Let m gram be the mass of neon. Then, the mass of argon is (28 — m)g.

Total number of mol : o, B £8-m = 28 +m i
of moles of the mixture, H= 20 iy 40 40 ;i)

PV 1x10° x0.02

St 31 TR

Now,

?)and{u), 28+m -
20 08 =>28+m=232 = m=4gram

OF  mass of argon = (28 - 4)g = 24 g
\_ .

T o —
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3
, pressure is 1.4 » 107 atmosphere and BueTa
L

lllustmtlon a42.
R=841Jd moi

Calculate th om
e temperature of the Sun if density is
l1.49

molecular we
- ight of gases in the Sun in 2 a/mole. |GV
. ven

solution
N

PV = uR __PV
pRT = T—'p—R{i) But PS._'N_'I.__ a ™
™M, p_'{f s =T
Mo

2 .101x10°%2x107 _ o4 "
- 2.4 % 10K

From equation () T _Pvm, PM, 1.4x10
pUR _ PR 14 =1000 % 8.4

70 cm of Hg. Atthe

eads
density of the air at the

s 7°C and parometer ¥
top Wit

y. Compare the

[llustration a3.
pect'w'e.l

At the top of a mountain a therm
the mountain they read 27°C and ?1
an

that at the bottom.

meter read
6 cm of Hg res

Solution

By gas equation PV M P i M M
5 RT:’———.—__R_- sap e anty, 5= P
Mw pT e Mw \J
Now as M and R P KP b P ot I 300 _19
W are same f B e * e Pt Ik =mg T
or top and bottom | T | ot BSO P8 P Tt ‘]'e.y‘ 280 0.986%
500 cc at @ pressure of 2 atm is compressed to @ vowme ol
mperaturé is kept constant ?

lllustration 44.
en Df volu,rne Di
this if the t€

A sample of oxvg
400 cc- What pressure is needed to do

Solution
Vv, _o| 5%
T *ZXAOD = 25 atm

Temperature is constant, sO PV, = P p, =Py
2

The gas 18 2\owed ©
e

3 200 k Pa.
fhat the yemper

an ideal gas at 300 K an
t of the g28 \eaked assuming

03 m° contains
e the amoun

lllustration 45.

volume 80 x 1

A vessel of
pressure falls to 1

Jeak till the

constant.
e.The aurnoet ol

do not chang!

remains
maining 995

s leaks out; the volume and the temperature of the 1@
PV
en by B = JRT A
RS,
he \eakage ¥® Vo =7

Solution
As the ga@

moles of the gas N the vessel in giv
PAY

i SetaT § after

les in the vessel before the \eakegd® is M= RT and that ait€
3

3 %80 107 _ 924 <l

@, -PV (200-125) «10
= 33 % 300

RT -
/

The number of mo

The amount |eaked £ v, — Ve =

WWWwW
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Ilustration 46-

1500 miof 2

whose
t)el"S-D
o is Irllmled by 2
23 il

will be the

body 'I.em'peva“"n Q

e lungs of the . ™-
as In th the b%'\,‘*\

constan
if the pressdre and mass sta¥

volume of the 8
Solution

)
as are ke
unt of the @ PL
K. prcssurc' a"d
K: Ta ™ 273 + z
T 273 + 23 - 296 R: 1z

~

v_%

T

310 _ 1570.95 ™
T, Ox o= 1

So T V:’“x#_!5o “296

&
Miustration 47-

A sample of Oy is at @ P¥

ture is 27
its tempera B
he volume i« 100 ml and
then the
essure of 1 atm w
essure
will be the temperature of the gas if the pr
Solution

“\
becomes 2 atm and wolume remains 100 mi, .'
T "273+27..300K

2

AL e

2 K = 600 — 273 = 327°C
Pl T-—Tx-Pz-—_- 300):-1— 5600
For constant volurme T;" 7 = =N

1.

BEGINNER

A vessel of volume 8.3 %107 m

3 contains an ide

al gas at temperature
gas Is allowed to leak till the pressure falls to 100 kPa and tempe

of gas in moles will be leaked out ?
—y

27°C and pressure

200 KPa
ases to 327°C. What is the am,

rature incre

Two closed vessels of equal volume contain air at 105 kPa, 3
3.

00 K and are connected through a narrow Y
If one of the vessels is now maintained at 300 K and other at 400 K, What will be the pressure in the Vesy
The volume of a gas is 1 litre at the pressure 1.2 X 107 Nm™2 and temperature 400 K- Calouare the 2
of molecules in the gas.
4- .
A vessel contains two non- reactive gases : neon (monatomic) and oxy
pressures is 3:2. Estimate the ratio of
(a)
(6)

number of molecules and

e e

gen (diatomic) The ratio of their ™
mass density of neon and oxygen in the vessel.

Atomic mass of Ne = 20.2 u. molecular mass of O, = 32.0 u.
The kinetic theory of gases

Basic post,

R =
udolph Claussius (1822-88) and James Clark Maxwell (1831-75) developed the kinetic th
1]

on follows. i
e owing assumptions regarding the motion of molecules and the nature of the gase
ates of Kinetic theory of gases 2

gases | s
in order to explain gas laws in terms of the motion of the gas molecules. The thegy

Oy
8 hi(
7

A
S‘S‘"mpti ons

Every 1 ‘

- iden.if’a‘s ;:onsrsts of extremely small particles known as molecules.

- cal but are different than those of another gas.
€ molecules of

The molecules of 5 Qiver,
he size js negligible

gas are identical, spherical, rigid and perfectly elastic point mass

- .- es
In comparision to inter molec i 2 ‘

Rertiog meri ular distance (10~ m)

Molecyjes of a

The speey f 8as keep on movin
o €d of gas A
The numbpe molecules lie be
\

g randomly in all possible direction with al] Possib|
tween zero and infini : 10le ve)
I of molecyles moving ity (very high speed).

with most probable speed is maximum

WWW.GRADESETTER.COM
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Assumption

-
Assumptic
-

-

Assump

Assum

Prope
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ST TE

S e
Assumptions rega = -
- Collision:
The gas m°|eﬂ-lle

Physics

s keep collj
ding amon
Assumptions ectly elastj g themselves as well
regardi ic. (ie., the t as with the walls of
Ing force: otal energy before collision = toka?e::“m\“\:\gm“ o
rgy after the collision)

- No
attracti
ve or r
epul o ™m
sive force acts between gas 1t \f
olecules.

* Gravitati
onal attractj
spe ion am i
peed of mgle, chiles ong the molecules is ineffective due to extrermel \
i mely small masses and v
ery high

Assu i
mptions regarding T
Sure:

* Molecul
es consta;
: ntl : )
change in moment: r:;‘-calhde with the walls of container due to which their
i m .
is transferred to the walls of the container. Cnnseﬁ\?;:\nmm e i
o y pressure s exerted

by gas m
olecules o
Assumptions regarding den:_::e walls of container.
y:

e The density
of i
Properties/Assumptione 5:::51:: C;C;nstant at all points of the container.
» The molecul e
es of
in‘all possible ‘;_ a 935 are in a state of continuous random motion. They move with all possible velocities
' AN irections. They obey Newton's law of motion.
momenturn = 0
) . 0; Mean velocity < ¥ > = 03 <> 20 Monzero) <P >=<V¥>=0
I he average distance tra '
path B0 velled by a molecule between two successive collisions is called as mean free
. m! ©f the molecule.
> e time durin :
8 - ngth.h a collision takes place is negligible as compared to time taken by the molecule 1©
Ao ean free path. At NTP ratio of time of collision to time of motion to cover mean free pain
. When a i ; ;
gas is taken into a vessel it is uniformly distributed in entire volume of vessel such that its
dentical for all direction, therefore

ma. i
ss density, moleculer density, motion of molecules etc. all are i

root mean velocity
V2 =2 =72 are equal. Pressure exerted by the gas in all direction P, = P~ P g P — equal

vx
olecules are taken very large

All those assumptions can be justified, if number of gas m
jie, 10% molecules/cm>. S

Different speeds of gas molecules
Therefore, the

ith all possible yelocity.
-\'J]_"t‘ﬁg-\'..-........._\j“ =B
N

Average velocity
Because molecules are in random motion in all possible direction W
er is zero. < > =

the gas molecules in contain

4\
CELE sl
Vims™ P Mw m "

ecules

average velocity of

RMS speed of molecules

Average speed or Mean speed of mol
city distribution law ' Vy

"4
o [P, |l \Y@—ﬂ-‘é‘?&
= -—TE-E)"-' ﬂMw : TN

19, 1410 1 T
N

or <\U1> = Vinean

By maxwell’s velo

—_—

<|9l> = Vmean

WWW.GRADESETTER.COM



WWW.GRADESETTER.COM e ™%

et R
g o
Ar a g 8 - -3 = T
-fe y Mo AT i e
arwad P i i ~t N
B e PO = ), Jidig (awor™?
P Pressan
) o - st R y - ——
Vedomtty of = . T W e . &
e - 3 = - o
v X

o Al arn T ¥ oo

as
bical vessel of length
ch are movind with

Expression for Pressure of An Ideal g
Consider an ideal gas enclosed in a cu
Suppose there are W' molecules in a gas whi

f.

velocities Gy, Tpereeoen- Uy -
v,

sed as V =Vl ¥ V4,

e

s velocity g can be expres

| z 2 >
IG':UI\[—B_:V\,\/—:;:V;J—‘:' \J‘-\-Vvi\-\ﬂ;

ABCD. It strikes the

If we consider any single molecule then its instantaneou
Due to random motion of the molecule v, =Y = V2

Suppose a molecule of mass m is moving with 2 velocity v, towards the fage

the cubical vessel and returns back to strike the opposite face.
mv, — mv, & = 2 mvyy

sion Ap= 2 mv,
g back is 2L.

M? hange in momentum of the molecule per collision AP = —
Thomentum transferred to the wall of the vessel per molecule per colli
e distance travelled by the molecule in going to face ABCD and comin

So, the ti £
ime between two successive collision is At = —ZU—‘

X

Numbe, T i
r of collision per sec per molecule is f, = v, _ molecule velocity . f Vims o5 T
2¢ mean free path M ) L.

Henf_‘e m
Oment
um transferred to the wall per second by the molecule is equal to force applied

2 2
therefore, force F = (2 mv, ) —2‘{:‘;= -m—:“— 5 % \:AS Vs \E\]A

o
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Pressureexcﬂedhygasmo\m.de p,,‘_:_\___l_mu.ﬂ e — o A
3e=h =5 N =
pressure exerted by gas P = Zlﬂ,_. El«w’ t Lranalmvt =
3V e S N—E‘TJF"F-—
v:_ 3PV _3uRT SR 1A
. = -2 = 1M 3
™M oA, = Y o o e 3\;\:’_;,59.‘1__-
- vera
A ge number of molecules for each wall = ‘tjé
= =N =T
N

No. of molecules along each axis =
a
2 _ g2 =t = i
- ==V =73 Root mean square elocity 2long any axis for 925 molecuie is S WD T T
of pressure ot gas (except Joule s Y

by expression
m can exdnibit rnotion ot have ener®y 1o called

inwhich 2 mo\em\e. or an ato

All gas laws and gas equation can be be‘“ed
om (0
6'\\5-62919.95

pDegree of freed
{ a system 15 calle

. The number of independent ways
its degrees of freedom.
% The number of independent coordinates required t© specity the dyna™e wete
of freedom.
dom are of thre :
T nacdmur three deqree of freedom™ cortt esponding
on the

The degrees of free
Translational De
to trans'lational motion.
Rotaﬁonal Degree of
structure of the molecule.

;brational Degree of freedom =
for different gases accordi™

gree of freedom *
ecedom i his case depends

degrees of ir

(@)

(b)

@ V
Degrees of freedo™
fomigtyofges

Monoatomic

Ex. AL Ne, ldeal 928 etc

Bt . Datomic
R e

WWWwW
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. Translational kinetic energy (E—r) E; = 2

3N —
For Linearl I the™™® a
b mokett & nis
- For n2n Jiee: atoms in the mo cuj-‘buﬂaﬂ o ibr@ 'brﬂuan rnture
Ni cont™ Vi gel‘l‘lli“=
N - u ure eneT e 1 . va LS i Molecular Wi
e 1 me 0{ no - e !a
- At very Jar 1€ nperatir® volv
At a part! @
= ¢ Hydr .
Molar specific heats © . Kinetic ens
30 e SPECIFIC
Monoato
25
= 20 %R The mole
’E of a mol
= 4 The ol
oJ 10
5 10000 U = :'E
(] 200 500 Fl
10 20 50 Temperature e s
K.
s A o P o £ freedo™ and\ Cc,b
Maxwell's law of i, g ally distributed among its 2ll degree © Di
% es is edqu ;
The total kinetic energy of a gas molecules is ed N L *
lute temperature is o .
energy associated with each degree of freedom at abso R
<
For one molecule of gas y
_ =kT
Enerqy related with each degree of freedom = o K =
| ‘ & 1 2= o KT
. % 1= i
f Fo o _gh= hll -] ms 2
e 2V, =Vy T 2
Enerqy related with all degree of freedom = 5 KT x v & 3
1 vAh 3KT _lyt
So energy related with one degree of freedom = 3™°3 2 3 2

Different K.E. of gas (Internal Eneray)
Imez, = %PV

Kinetic energy of volume V is = EMV’%" . [Note: Total internal energy of ideal gas is total kinetic ene

Totalenergy B g _1\Qlge )
v AR TR

Ener i
QV per unit volume or energy density (Ey) E, = Volume

p=2/1 |
3/2.Pv,fns] Ev=§P
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M
Molar K.E
-E. or Me.
an Molar K.E.
-E. (E) E= ‘EM o Tl
WV for M, molecules
= o M, \gram) -

E-2 3
SRT = SNT

Molecular
kinetic
ene
rgy or mean molecul N
ar K.E. (E) E= 123‘ . - E
’ N, 2N,
IRT SN BT NI
Z2M, 2 Nm 2 T

Kinet
ic energy of 1 o
mass (E_) =

SPECIFIC HEAT CAPA
Monoatomic Gases -
The molecul
eof am
of a molecule g
AT gas has only three translational d
2 S A ional degrees of freedom. Th =
otal internal energy of a m‘;(3/?)kT, sl Gl i
e of such a gas is

3
U= skl 3
SKT=N, = ZRT
i
The molar specific heat at constant vol
volume, C,, is

du
3R

C, (monoatomic gas) = ——
dT 2
cayees ot freedom

Diatomic Gases
As explained earli
ier, a di i
jatomnic molecule treated as a T id rotator like a dumbbell has 5 d
quipartition of eneray, the total internal eneray ol amole

: 3 translational and 2
rotati -
of such a gas is otational. Using the law of e

5

The molar specific heats are then given by

\ine

5g
2

it is not a stralgnt
aight \ine with uniform

(84 (rigid diatomic) =
colisions s

the path traversed oy

of collisions SO
collisions 2 molecule travels in a st
n two guccesive

MEAN FREE PATH
h undergoes a number
by molecule betwee

sive

ance travelled
ce paln

A molecule in its pat

but somewhat zigzag: Between two succes
velocity. As motion is random thus the dist
not always equal.

The averagé dista
f the molecule.

called as Tnean fx

a molecule between WO succesive collisions 15

nce travelled by

(A ©
Here n = —g— — No. of molecules per unit volume
' molecule
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A 8 4.
Mustration a9,
At what temperatu
remaining constan

e = Solutio
distributio? X of a 92° . pr@ locity of molecule ™
The velocities of"j’ o temPe sira e 4 olthovs the Ve c*\\ Let v, be the rn
with the [ncreas® - rang® s const? i urmber o &
increases: Jos within certain velod —ents the tota \%\ = = -'_‘_);
The numbe” of o omperatur elodity axis reP’ o onergy for gases
continuous Bt 28 ‘:Iueen he (N = v) curve 27 eh 4 the 18W of equipaf“ ‘ ) o 5
- rea enc s ; 1| establish® e
(;: g::e pasis of veloc™ gistribution M
ternperature + E > E > E Nustration 50.
Except 0K at any temperatur€ = * kT 5 Calculate 1
At a common temperaturé: for all ideal 92° J— of gas ™, or ™ Sataion
d E are samé while En, 15 different ot depend® Wl d this temperatufe called 2° ter:f: &, Tempera
=3 ibri f gases ternperature of each @23 i—"“’? eaf eneray (Al gases are of sa™ Ty - 5
: 5 i menﬂa(;_eq)'uﬂll::l:hmc:ngbe fi;’ld out on basis of conservauon o o
of mixture (Tr,) W i
T__ZNT__N’I]+NT2+ ......... +N. Ty f
m ZN == NI +N2"""Nn ) » ,_..RT S
3 : 1 kinetic energ@y 2
- o o qy = =p 3 Tota
g 1 mole gas : Mean translatlonal kinetic ener 2 {
3 kineti energy = ﬁkT 3 K Degre,
: = . inetic G
1 molecule of gases * Mean kinetic ener@y = 2 T ; Total KIn
E ees of f 1
Y ustrat
is i to the fact that degr ey
” Specific heats of all substances approach zero as T — 0. This 1S related c
get frozen and ineffective at low temperatures. . -
oluti
— J]lustrations =
Hllustration 48.
The velocities of ten particles in ms~! are 0, 2, 3, 4, 4, 4, 5, 5 5,9 Calculate
(i) average speed and (i) rms speed (iii) most probable speed. e
Jution
(i) average speed, v = 0+2+3+4+4+4+5+5+6+9
d 10
42 L ¢
0 = 4-2 m
2 2 2 2 2 2 2 2 2
rms speed, v__ = (0)2+(2) +(3)2+(4)° +(4) +(4)? +(5)? +(5)* +(6) +(9)2
. 10

=[7(—)—] = 4.77 ms™!

nost '
probable speed Vep = 4 M/s

h
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% F e
Phrysies

o V| E 2 :
l'l Iiustration 49.

At what tern,
perature roo
t Thea
n square wvelocity of hydrogen becomes doubtte of i
J s wvaboe 21 STV
S « PTELEITS

“L' remalnin
h“ g constant ?
th Solution

=h, ¥
a Let vy be the r.m.s. veloci
ty at S.T.P. and \azbz the r.m.s. velocity at unknown temperatu T
B -4 e 2

(1092 - 273) = 819°C

o e
LI | e (2P = 273 x4 = 1092 K =

Jllustration 50.
Calculat
culate rms velocity of oxygen molecule at 27°C

Solution
Temperature, T = 27° C
= 273 + 27 = 300 K

Molecular weight of oxygen = 32 x1 _ 8313 mol* K

02 kg and R

3RT

rms velocity is v, =
M

_ [3x8:31x300
32x1072 * 483-5 ms '

of a gram moelcule of argon at 127°C.

[lustration 51.
Calculate the kinetic energy

Solution
Temperature, T = 127°Ce 213 % 127 = 400 K, B = g.31 J/mal K
K.E. per gram molecule of argon = .321 T - % % 831 %400 = 4986 3
: [llustration 52. ———
cule is 3.32 <107 kg. U 10% molecules are colliding per cecond ON 3 :=.\at‘\m\an'\_)3
\ and reflected Sactically with 2 speed 10

The mass of a hydrogen mole:
2 at an ang

| of area 2 cm le of 45° to the normal to the wal

all. (in N/ m?)

then force app

wal
3 m/s. Find the pressure exerted on the w
Solution |
| v 24 .
z As the impact 1S elastic .. ‘ﬁl\z\pz\-:p:mv-- 3.3 x107 ¥ m/s
8 -, e
g The change in momentum along the normal AP =\1;:42 -—pl\-‘?ap cosAD J2p
Ap _Jot ®
f lied on the wall A P

on frequency

If f is the collisi
25 10% o 347 PN/

£ JJ2pt J2x3.32x10
a %10 "

- 2

WWW.GRADESETTER.COM


https://gradesetter.com

WWW.GRADESETTER.COM

AL
\\\ b
2 GlyER ¢ Avogadro

k= 1.38% Foid JAm —
Calculate : ‘:’ T
kinetic energ¥y ntert
(a) The averag® e M . i
() The total kinetic eners’ of an oXYg! i o7 e

n
()  The total kinetic eners¥ of 1 mole of @87 ) ouid it be ieated so et the

e

2 The temperaturé of gas is _73°C. To what temperatr =
kinetic energy of the molecule is doubled sy
es is doubled o
- s

(a)  averagé
ity of the molecul

(b) the root mean square veloci

3. “wEoragdas E:B—=- 0.4 . For this gas calculate the follc?wing =
a

(a)  atomicity and degree of freedom
e

ture
eed ang,

(b) value of C, and ¥
n gram - molecular kinetic energy at 300 K tempera

and v, resp

il be their average sp

(c) ~mea
ectively, then what wi

4.  If three molecules are having speeds v, V,
L ]

mean square speed ?
d 16 ms *. Find the roof mean square velocy

5.  Four molecules of a gas are having speeds of 1, 4, 8 an

the gas molecules ?
perature of the mixture is 2

6. A flask contains argon and chlorine in the ratio of 2 : 1 by mass. The tem

Obtain the ratio of

(a)  Average translational kinetic energy per molecule, and

o ‘
) root mean square speed (v, ) of the molecules of the two gases.
Atomic mass of argon = 39.9 u :

Molecular mass of chlorine = 70.9 u.
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