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PHYSICS NOTES FOR 2N° YEAR (FOR SINDH)

Chapter 11 B ' 1 Heat
Chapter 11 |
HEAT
Q.1.  Define heat and gives its uml.

Ans.

Different scientists defines heat in different ways from them the following theories
are popular. K

. Classical theory: -

According to classical theory heat is a weightless fluid known as caloric and
is present in each substance. The material having more heat has more caloric. If two

bodics are in contact to each other then caloric is transfer from a body having high

caloric to a body having low calonc.

Mechanical theory: -

Count Rumfert in 1798 challenge classical theory and said that heat is a form
of energy and is able to do mechanical work
Joule also says that transfer of heat is not as a flow of caloric but is transfer of

energy.

Modern theory: -

It states that heat is a form of energy associated with the motion of
molecules :
In a substance molecules have three nvpes of K.E.

. Roational Kinetic encrey
2. Vibrational Kinctic encriy.
3 Translational Kinetic energy

The average K.E. of molecules in a substance is the sum of all three kinds of ..
Energies.

The molecules having different kinetic energies when collides with each
other elastically, energy is transfer from molecule of high energy to molecule of low

‘ENETRY.

Units of Energv: -

Calorie: -

It is the amount of heat energy required to increase the temperature of one
gram of water from 14.5°C to 15.5°C. .

British thermal unit (BTL):-

It is the amount of heat energy required to increase the temperature of 1J3 2

‘Slug of water from 63°F to 64°F.
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Modern unit (Joule): -

As heat is form of energy therefore unit of energy is t.1ken as Joule which is
also unit of work. : '

| Calorie = 4.1868 Joule = hgm Watt-hour.
1 BTU = 251.996 Calorie = 1254.87 Ioules.

(.2, - Define temperature.

Ans, l'emperature: - .

Temperature is the gquantitative determination of degree of hotness or
coldness of a body and it determines the direction of flow of heat from one body to
other in contact. T

Temperature is the average translational kinetic energy of molecules.

Thermal E m; -

If two bodies of different masses and temperature are taken in thermal
contact 1o each other then after some time the thing, which is common 1o both, is
known as temperature, at this time bodies are in thermal equilibrium.

Q.3.  What is a thermometer? On what principle it is constructed?
Ans. Thermometer: - ' : '

It 15 a device by which temperature is measured correctly.

Principle: -

The thermometer is based on thermometric property of substance.
* Commonly thermometers are based on the expansion of liquid.

Construction: - _

" Common thermometer is consisting of a long capillary tube having uniform
and narrow bore. One end of tube is closed and second end is fitted with mercury or
any liquid filled bulb.

().4  What do you mean by thermometric properties of martter? Why mercury is consider
best for it. '

Ans. Thermometric properties of matter: -

The physical properties of matter, which are changes uniformly with change
of temperature, are known as thermometric properties.
The thermometric properties of a2 matter are as under
Change of colour of substance. ]
Change of resistance.
Thermal expansion
+ Change of viscosity.

k-
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© 5. Other physical properties.

Mercury is best because: -

It is not clear solution.

It has uniform lincar expansion.

Its melting point is -30°C and boiling point is 357°C i.e. has wide range.
It does not wet the tube. .

It 1s good conductor of heat.

Its specific heat is low.

S i AT K o

Q.5. What do you mean by fixed points of thermometer?
Ans.  Fixed points of thermometer: -
There is two fixed point of thermometer.

A lower fixed point;-

It is the melting point of water at standard atmospheric pressure of 760mm of Hg.

Higher fixed point: -

~ Itis the boiling point of water at standard atmospheric pressure of 760mm of Hg
Q.6. Descnbe various scales [‘ar the measurement of temperature.
Ans. Scale of eter: -
There is three scale of temperature commonly used.

1. Celsius or Centigrade scale.
2. Fahrenheit scale.
3. Kelvin or Absolute scale.

Celsius scale or centigrade scale: -

‘In it melting point of ice 15 denoted by 0°C and boiling point of water as
100°C. The distance between the two points is divided in 100 parts and each part is
known as one degree centigrade.

Fahrenheit scale: -

In it melting point of ice is denoted by 32°F and boiling point of water as
212°F. The distance between the two points is divided in 180 parts and each part is
known as one degree Fahrenheit.

Kelvin Scale: -

In it melting point of ice is denoted by 273 K and boiling point of water as
373K. The distance between the two points is divided in 100 parts and cach part is
denoted as one degree Kelvin.
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ompari : o .
Scale Mgltlr-; point boiling point parts
1 Celsius . 100°C 100
2 | Fahrenheit ~ 32"F 212°F 180
3| Kelvin 273K 373K 100

l— 1 1

Conversion of C* and It-
In centigrade and Kelvin scale plm are similar that is the size of one degree

is same, the difference is only that of melting point of ice there fore we can write as

K=C"+273
and  C.o. C“ K+273
C Al e -~ A A’ Boiling Point
It is clear that 100°C = 180 F° 100°C 1.?1‘? 713K
€CB_F-32 C-0
AR 22-32 100
F-32 C ; .
e Warn B | Y | |
k-2 € . 0°C||B B’|]32°F 273K
9 5 :
that is °C= -;ln: ~32)
. ‘ b 9
and F= -S'C + 132
Q.7 What do you mean by thermal expansion?
Explain the term coefficient of linear expanston and coefficient of volume
expansion. Also drive the expression for final length. '
Give the mathematical relation between coe [fn::lnnt of linear expansion and
coefficient - volume expansion
Ans. Th ansion: -

.The increase of size of a sample as solid, liguid or gas due to change aj’ its
temperasnre is known as thermal expansion.

I ke size is increases because due to increase of temperature the kinetic

- energy -+ molecules of sample is increases ie. the molecules vibrates with more
amph .1, therefore they require more space, which increase its size.

| here are three types of thermal expansion.
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l.  Linecar expansion.
2. Superficial expansion.
3. Volume expansion.

Q. Define and explain Linear expansion in Solid.

Ans. Linear expansion: -

The unidirectional increase in the size of a sample due to heat energy is
known as linear expansion. Or
The increase in length of a solid bar due to change of irs temperatire is
known as linear expansion.

Derivation of formula: -

Let a rod of length 1, is heated from temperature T to T; due to which its
length is increases by AL then increase in length is directly proportional to
1. Initial length (AL e L).
e B Difference of temperature (AL =AT) where AT=(T,-T))

Comparing the two relations we get

AL = L, AT

Or AL=a L, AT
Where a is proportionality constant and is known as coefficient of linear
expansion. :

It can be defined as friction change in length per unit length per deg.
rise of temperature. 4
Unit of o: - ' '
- . . el | o-1
Theunitof o is C arﬂcan W}/"I{
* Final length: -

Let if L is the initial length of rod and AL is increase ue to hef®t energy then
final length L'=L,+AL" - '
Or = [ot+tal AT

= L, (1+ @ AT)
This gives the length of rod after heating.

Q. Define and explain Superficial expansion. _
Ans.  Superficial expansion: - .

The expansion in two dimensions (length and width) of a body due to heat
energy is known as superficial expansion.
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Derivation of formula;: -

Caonsider a plate of length *L" and widih *b" as figure, then its initial area will
be Ay =L b. II its lemperature is raises {rom {; to tz due to which its area become A\
then
Increase inarea = AA= A" — A,
and increase in temperature = AT = - |
The increase in area AA is directly proportional to the initial area as well as
to the difference ol temperatiare

l.e, AA o Ay and
AA e At b
Companng the two relations we get
OAA AL AT L

or AA A, AL
or AA =yA, At

- _AA
L AL M
Where y 15 cocfficient of superficial cxpansion.

'D L] u -

It is define as the change in area per unit area per degree rise of

temperature, and its unit is C*' or % cor K*'or %I{ .
Q. Define and explain Volume expansion in Solid.
“Ans. Volume expansion: -

The expansions in three dimensional (length, width and height) of a body
due to heat energy is known as Volume expansion.
Derivation of formula: - -

Consider a rectangular block of length L, Width W and height h as figure,
then its initial volume will be V; = L w h. If its temperature 15 raises from t; to t; due
to which its volume become V' then

Increase in volume = AV=V"-V,
and increase in temperature = AT = ;-

The increase in volume AV is directly proportional (o the initial Volume as
well as to the difference of temperature '

Le, AVeeY, and
AV e At
Comparing the two relations we get h
AVaV, At '
or AVeeV, At w L
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or AV =Y, A1
AV
or =
P V, At
Where P is coefficient of volume expansion.
Definition of B:- '

It is define as the change in volume per unit volume per degree rise of
temperature, and its unit is C*' or / ‘e K" b Lor }/K

Final Volume: - ~

Let if V is the initial volume of rod and AV is increase due to heat energy
then final volume )
V' =V, +AV
Or =V, B V AT
=V, (1+ P AT)
This gives the Volume after heating.

Q8. Give the mathematical relation between coefficient of linear expansion (a) and
" coefficient of volume expansion ()

" Ans.  Consider a reclangular block of length ‘L' width ‘W' and h
height *h' then its volume will be W
Y=LWh L. '
If it is heated from T.ﬂmpf:rﬂhrﬁ: t; to 1; then its volume 15 increases from V, 1o
VI then ﬂ-V Vz -V|

therefore its final volume becomes V + AV wh-.ch may be written as

V + AV = [L{1+aAT)][W(1+aAT)][h(1+aAT)]
=L W h (1+aAT)’] but LWh=V

therefore = V(1+30AT+30 AT o ’AT?) .

but a is very small so its higher powers may be neglected that is
(a’-0, o’+0) therefore V + AV =V (143aAT)

=V + IVaAT
AV = 3VaAT
AV :
s i but o',
V At v At P

|3'_=3u_

The relation shows that the coefficient of volume expansion (f)) is three times
to' the coefficient of linear expansion {a).
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Q9. What do you mean by bimetallic strips, How they work and write its uscs.

Ans. Bimetallic strip: -

When two stnps of different metals 1.c. different coefficient of lincar
expansion are attached rigidly side by side to onc another then the arrangement is
called bimetallic strip.

Principle:-

It works on the principle of thermal expansion.

Bimetallic strip as thermostat: -

To use bimetallic strip as thermostat, its one end is fixed while the open end
is touches by a screw. An Electric circuit connects the both ends through heater as
figure.

Battery Battery

When current {lows heater become hot and temperature of strips is increases.
Due to different coefficient of linear expansion length of one-strip increases more
then other and the strips bent and the circuit is broken. As the temperature again
decrease, the strip becomes straight and circuit becomes on. With the help of it
temperature of any body may be maintain.

To use as thermometer bimetallic strip is taken in the form of coil whose one
end is connected by a needle, which can move on calibrated scale. When
temperature is increases then due to change of length spring is stretched and needle
moves on scale from where temperature is noted.

Use: -

It is used in many devices to maintain temperature as thermometer,
thermostat, fire a!arm, elc.

Q.10. What do you mcan by a gas law? Statc and explain Boyle’s Law, Charles’s Law and
General gas equation.
Ans.  Gas laws:-
The relation.between mass, volume, pressures and temperature of a gas is
" krnown as gas law.
Boyle’s law: -
Robert Boyle's developed it in 1660.
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Q.

Amns,

Deﬁﬁitinn: -

It states that the volume of given mass of a pas is mmrmiy praportional 1o
the pressure if temperature Is kept constant. 4 ,

Formula: - PlO(PLV:)

Let V is the volume of a gas at pressure I then
Ve 1.1"]_:=|
or PV =Constant.

@

This law also may be stated that the product Y
of pressure and volume I.‘.If a given mass of a gas at constant temperature.
Graph: - i
The graph between P and V is a curve and for any two points A and B of it
we can write . . -
P|"|lr| — P;I_"r'r_}

Defect of Law; -

The graph shows that if pressure is incroases to infinity the volume become
zero, which is impossible because !
s Gas is consisting of molecules and molecule occupices space.
2. When molecules comes near to each other inter atomic Coulomb repulsive
forces are create.

Conclusjon: -

There fore it is conclude that this law fails at very high or low pressure but it agrees
at normal pressure.

“State and explain Charles’s Law.

Charles law: - (1746-1823)
Definition: -

It states that volume of a given mass of a gas is directly pmpﬂmnnaf fo ils
abselute temperature if the pressure on gas is kept constant. &

Formula: -
Let V is volume of gas, which is heated to :
then temperature difference of  T°k " Pl T
VT - : »
or Vit = Constant -271°C 0°C . 200°C
Graph: - - _ 0K 27k 4T3k

The graph between V and T is a straight line which shows that at -273 k the
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volume of gas become zero and negative volume is impossible therefore this
temperature is consider s absolute zero (Ok). As zero volume is impossible because

l. Gas is consists of molecules and molecules occupies space.
2. When molecules comes near to cach other inter atomic Coulomb repulsive
forces arc create

Conclusion; -

There fore it is conclude that this law is valid above the freezing point of gas
or for higher temperature.

. Q.10. Drive General gas equation.

Ans. General oas equation: -

From Boyle's law Va pr

From Charles law VaT
Cornparing the two relations we get
Voo Tfp
OR PV = Constant.
- For one mole of gas constant is denoted by R ie.
PVi; =R
PV=RmT

The value of Ry, for same mass of different gases 15 different because m

samie mass of different gasas the number of molecules is different.
If mass of gas js ‘n" mole, whichis enclosed in container then R, will b2
constant and in S.1. system its value is 8.314J.mole” 'k,
PY =nRT
This equation is known as general gas equation.
Q.10. Drive Universal Gas Law.

AL Uniyversal gas Law: -

The value of gas constant for single molecule is known as Boltzman constant
denoted by ‘K’ therefore

K=o 833810 JouletmoleculeK
N, 6.025x10% :
R=KNa
Putting this value we get
PY =n I{ MaT
P= A KT f N, . N
n v 1 n v
Therefore P-NKT
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Q.11
Ans,

Q.I1.

Ans.

Defect: -

This law agrees at normal pressure and temperature but at very low
temperature and very high pressure it fails because '
L. Gas is consisting of molecules and a molecule occupies space.
2 When molecules comes near to each other inter atomic Coulomb

repulsive forces are create

What are the basic assliglptiuns of kinetic molecular theory of gases?
Basic Assumptions of Kinetic interpretation of gas laws: -

Kinetic theory of gases explains the behavior of a gas in term of the
interaction of molecules and the energy they possess. The fundamental assumptions
of theory are as under.

| Shape and size of molecule: -

Every gas conrists of a large numbers of molecules which are identical and
similar having diameter of 3A" which is negligible as compare the volume of gas. -
For example there are 3x10* molecules of a gas are present in one cubic meter at
S.T.P.

2. Distance between molecules: -

The molecules are at large distance as compare to their size.
3. Velocities of molecules: -
- The molecule moves with different velocities.
4. Random motion: -

The melecules have Brownian (random) motion.

5. Collision between molecules: -

The molecule collides with each other and with the walls of container
clastically.

6. Forces between molecules: - : "
The attractive forces hetween molecules are very small.
7. Newton's Mt.nhnnics: -

The molecule obeys the laws of mechanics.
Show that the pressure of an ideal gas is P = 1!3 pV? Where p is density of gas.

Pressure of gas: -

Consider a cube having length ‘1". Let mass of a molecule is *‘m’ and has
velocity V" at any point, there fore it may be written as
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V=¥x 'Vy+Vz Z-axi1s
The m'lEmLud-: ot ‘\-ﬂl(}flt} 15 gwen as
qu =Yy "y’\.r 'z 1 . P(x,er.}
Let Ve=Vy=Vz then :
YR = i Y-axis

¥ - s
or Vit = L, yt 7 X !
let us consider motion aloryg X-axis oaly X-axis Y

Then momentum of hody boeiore codision =m ¥x
And  momentur of body after collision = - m Vx
Therefore total momentum = m Vs - (-m Vxj =m Vx + m Vx = 2mVx.
The distance covered by ihe body in one coilision is 21" which
is covered in tirae ‘17 fiien g 2l Vi

The rate of change o rooricotwm 15 catled {orce therefore

Changein momentum _2mV, .V,
= =2mV, =
tima i 217 21
: N,

F=

E .
Fe= L No. of moletules |
* |

|

Maxwell gave the idea of distrnbution of velocities
among molecules graphically. ) v

IF velocities of molecuies are VX, VaX, ViXe.. 1or o , Vax then
2 el 1 2
. My, X IMv,X mvyx mv:x
Total force fromthem =F = —2 - + = 2 e e s +

l i = 1 I
ButP= FJ';.L and A= i’ therefore

............

l"--——(1.r *.4 v 4 VX b enrisrene+ ¥ x)
As num‘n:r of melecules in container is N therefore the n.umbcr in unit

volume is n, = N‘“\-’ - L'{;]_l e =Ve’n.’,

i S Ly 1 )l,
F ------—,—('.1 % VX F VX P i TV X

but m ny = mass of molecules x nmymber of swolecules per unit volume = density = p
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Ans.

Oor P=pV].

P=$J(1'fx+~.}x N .....+fﬁx)

3 1 = '
[Vix+ vix+vix 4, +via)
Pop il o

Where V.”is the avera ve velocity of molezules moving along

X-axisand Vx'=l/ v
- » P I
Substituting we get P = ;r!"'.”

Note: Here Vo = \fﬁ

Slnﬁing fromP :%P\kﬂl Prove that T o Translational K.E., Also prove Boyle's and
Charle’s Law.

Prove that T « Translational k.E.

. _— 1.
From kinetic theory P = ;p\-‘ “wheme p=mn,

Substiluting we get P= ?11' mn, V= but N v = I
1. ™ i

or P="fy iy ¥

or FV=II3 |‘.1.’\'"»":.._......... (1)

PV=nRT but n= H“'x-..

PV= N, RT
Comparing the two relations we get

For pas laws

theretfore

2 R
Npr =ty ;.-]-nmv-
N, 3 A
K 21 5 itd
M—T==—mNV" but k=5
N, 32 Na
21 .
therefore NKT = <. —mNY
2
or KT = —%.lm‘v"
' i . 3=
or T=i.|rim".“: |
. 3kN2 "
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or [= —-—.(1 ranslational h,E.]
3K . '
as 2!3;;_ = constant
therefore T e (Translational Kinctic encrgy)

i.e. (Translational Kinetic energy of molecules of gas is directly proportional
to the absolule temperature.

v AW;E -

1 1 ) (} ]
As PV=§"NV:= —mNV*

2

Led | 12

N
PV=-2-N(lm'J' but  Ta(l/y mv?)
)

For Euyie‘s law T is constant therefore ( lfz mV?*) = Constant

or PV = 2f3 N (Constant)

or PV = Constant
Which 1s Boyle's law,
Charles law: - _
As PV =EN(lmV2) ; a
3 La :
e v=-%H{lm‘v")
Ip 2

For Charles law pressure of system is kepl constani therelore
V = Constant {1:"2 mV?)

or Va f]f'z mV? ) but
T oo( /5 mv?)
Comparing we pet
L "

Which is Charles Taw.

Q12. Define and explain the term ‘heat capacity, Specific heat and molar specific heat,
write its formula and unit. Establish the relation between molar and common specific

heat.
Ans. Heal capacity: -

It is define as the rate of change of hear absorbs by a body. '
If AQ is heat required to rise the temperature of one mole of substance
AQ

through AT® C then Specific heat capacity = C = g
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Specific heat: -

The heat energy required to rise the temperature of unit mass of a
substance through one-degree Celsius is known us specific heat capacity.

Formula: -
1 AQ is heat required to rise the temperaturc of unit mass “m" ol substance
through AT C then
) ' AQ
Specific heat =c = -
P mAT
or . AQ=mc AT

From experiments it is observed -that (he value of "C" for same mass of
different substance is different because the same mass of different substance have
different numbers of molecules this problem mav be solved by taking the mass in
moles because in one mole of any substance number of molecules is same may solve
this problem.

Unit: -
The unit of specific heat is Joule/Kg" C

Maolar Specific heat: -

The heat energy required rising the temperature of ane-gram mole of a
substance through one-degree Celsius or Kelvin is known as melar specific hear
capacity. '

' If 'n” moles of a substance required AQ joules ol energy lo rise the
temperature through AT degree Kelvin then
: AQ=ncAT
Unit: -

The unit of molar specific heat is Joule/n ¢ °C

Relation between molar and common specific neat: -
AQ
mAT

Specific heat common = € Common =

. s ,j[?
Specific heat olar ™ C = ———
pec Mol Ml -

But “n™ one mole is define as quantity of matter m in gram is equal to
molecular weight M then n=m/

m = nhi

- _AQ 1 AQ |
Putting this value © Comn = 0T = M AT M Mo
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C
or € Commeon = __';:m
or € Malar= M. € Common

Q. Define molar specific for gases. Why gases have two types of specific heat? -

Drnive an expression, which shows the difference of two specific heat of gases is
equal to gas constant R i.e. (Cp - Cv=R).

Ans.  Molar Specific heat of gases: -

The gases may be heated under two conditions
At constant volume,
At constant Pressure.

Fd e

[n both cases heal energy required o nse its lemperature through same
temperature is different, there fore the gases have two types of specific heat.
l. Molar specific heat at constant volume (Cv).
2 Molar specilic heat at conslant pressure (Cp).

1. Molar specific heat at constant volume (Cy):-

[1 1= the amount D!',heat'energy'mquired to rise the temperature of one mole
of a gas through one degree Kelvin at constant volume is known as molar specific
heat of gas al constanl volume.

If AQv is the amount of heat energy required lo increase the temperature of
‘n’ moles ofa gas at constant volume through AT K then

AQv=nCv AT
2. Molar specific heat at constant pressure (Cp): -

1t is the amount of heat energy required to rise the temperature of one
mole of a gas through one degree Kelvin at constant pressure is known as molar
specific heat of gas at constant pressure. '
If AQp is the amount of heat energy required increasing the t:.mpemture of
‘n' moles of a gas at constant pressure through AT K then

AQp=nCpAT
Prove that Cp-Cv=R:-

Consider a system consist of a cylinder whose walls are perfcctly insulator
and conducting base and ideal gas is enclosed in it by means of a friction less and
insulating piston. )

Let the system is heated to difference temperature T and T+AT under tsothermal
process, then we get two curves which are parallel to each other as figure.

_ For point A and B of curves the temperature is increases under isobaric
process i.¢, pressure remain constant therefore
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AQp=nCpAT

In this casé piston moves outward there fore  work done will be PAV, but
according to gas laws FAV = n R AT,

Putting this valuc in equation of first  law of

thermodynamics we get '

AL =AD - AW ‘l

=nCpAT-nRAT ............(1)
For point A and C of curves temperature is A
increases under isochoric process i.e. volume r¢émain”
constant, therefore for the case specific heat may be
as AQv=nCv AT
In this case volume remain constant there fore piston does not moves
oulward and work done will be zero
Putting this valug in equation of first law of thermodynamics we get
AU = AQ - AW :
=nCvAT-0=nCvAT .. ce... ... (2)
The values are taken for same temperature therefore AU is same therc fore
nCvAT=nCp AT -nRAT -
= nAT(Cp-R)
Cv=Cp-R
ot Cp-Cv=R
It means that the difference of Cp and Cv is equal to universal gas constant
and Cp is greater then Cy,

Values of Cp and Cy: -

Consider a monoatomic gas having temperature TK then the kinetic energy
of onc molecule of gas may be writien us

2[4
T=—. =mV"- ]
3K 2 )
o %H:I"—L%m‘u’:] asK=Riy
or é—T [l V:]
2N, \2

i)

Where | 1."2 mV3)N, is kinetic cnergy of one mole of molecules
therefore KE,=%RT . If T=T:-Ty=1k then
K.E. =35 R
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But at constant volume the nise of temperature through 1k is known as molar
specific heat at constant volume therefore

KE=3,R =Cv

or Cy = 3x2 R = 3',*2 x 8.114 = 12.46 Jmole 'K
As Cp-Cv=R
or Cp=Cv+R=1246+8314

Cp=20.774 J.mole’'K’".
Q13.  Definc thcrmodynamics, a system, an isolated system, and find work done in
thermodynamics.

Ans.  Thermodvnamiecs: -

The branch of physics, which deals with the transformation of heat energy
into mechanical energy, is known as thermodynamics.

 Bvstem: -
The collection of matter with distinct boundary is called a system.

There is two type of system
l. Closed system. 2. Open system.

Closed System: -

The system in which there is no transfer of mass across boundary is called
closed system. - :

Open System: -

The System in which mass and energy both can transfer from its boundary is
called open system.
Isolated Svstem: -

The system in which there is no transfer of mass and erfergy across boundary is
called isolated system.

Heat Engine: -

The device, which converts heat energy in to mechanical energy, is called
leat engine. P

»

Work in thermodynamics: -

Consider a system consist of a cylinder whose walls
are perfectly insulator and conducting base and ideal gas is
enclosed in it by means of a friction less and insulating
moveable piston.
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Let the “A’ is area of eylinder and *P’ is the pressure per unit area then force
on piston will be “PA”

When heat is supplicd to the system then temperature of gas is increases and
piston is pushed outward through a distance Ay, then work done on it may be written
as AW =F'd

=PA. Ay
But AAy = AV therefore AW =PAV but AV = V;-V,
therefore AW =P(V:-V))

This gives the work done in thermad}ﬁamics_

.14, What is thermodynamics? State and explain the first law of thermodynamics.
Explain the following process
(1) Isobaric process (2) Isochoric process
{3) Isothermal process (#4) Adiabatic process,

Ans, | ¥ ics: -

The branch of physics, which deals with the transformation of heat energy
into mechanical energy, 1s known as thermodynamics.

First Law ni“ Thermodvnamics: -

It is a second form of law of conservation of encrgy written by Helum Hold
in 1847. It srates that when heat energy is transformed into any ather form af
energy or when other forms of energy inte heat energy then fotal amount of
energy always remain constant, :

Explanation: -
When ever heat is supplied to a system, the system

1. Absorb heat (AQ).
v Do some mechanical work (AW).
3. Its internal cnergy is increases by (AL)
There fore according to law
AQ = AU + AW
or AQ - AW =AU
Internal Energy: -

We know that all the matters are consist of molecules, which moves in 1t and
have kinetic encrgy. The sum of kinetic energies of molecules is known as ifs
internal energy and it never be zero. If heat cnergy is given to the system kinetic
enerpies of molecules are increases i.e. the internal energy is increases.

If Ui is initial intermal energy before heating and Uf is internal energy alier
heating then the difference of two is known as change in intemal energy

AU = Uf-Ui.
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Then according to 1"Jaw  AQ- AW =AU=Uf-Ui .
If in a system change in internal energy is zero then according to first law of

thermodynamics AQ = AU+ AW
AD =0+ AW
AQ =AW

That is if all the energy is converted into work or maximum work may be
cqual to supplied energy but can not exceed from it. Due 1o friction between various
part of an engine we can nol consiruct an engine which convert all the energy in
work. '

An engine, which converts all the energy in to work, is known as perpetual
motion machine of first kind. '

The first law of thermodynamics therefore may be stated that the perpetual
motion machine of first kind is impossible.

Sign. Conversion: -

In the equation AQ = AU + AW the sign. Arc as under.

I AQ is positive if heat flows toward system.
2z AQ is negative if heat comes out of system.
3. AU is positive if internal enerzy is increases.
4. AU is negative if internal energy is decreases.
5 AW is Positive if work is done by the system.
0.

AW 1s nepative if work is done on the system.

lication of 1*'. Law:-

The first law of thermodynamics can be explain in detail
by the following four process.

Isobaric Process: - -

It is the pracess in which pressure of system remains constant.
Explanation: -

Consider a system consist of a cylinder whose walls are perfectly insulator
and conducting base and ideal gas is enclosed in it by means of a friction less and
insulating move able piston, .

Let AQ heat energy is given to the system due to which piSton moves
outward through'a distance AX . If P is the pressure per unit area of cylinder then
force on it will be PA. The work done by gas may be written as

AW=F.d P
=PA.AX  But AAX=AV=V;-V, (PVY) _ (PVy)
AW = P(V-V)) = PAV
Substituting in equation of first law of thermodynamics we get
: AQ = AU + PAV AV
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The graph between P and AV is a horizontal line and shows that at constant
pressure volume is increases.

Isochoric Process: -

It is the process in which volume of the system remains constant,

Explanation: -

Consider a system consist of a cylinder whose walls are
perfectly insulator and conducting base and ideal gas is enclosed v
in 1t by means of a fixed and insulating piston.
Let AQ heat energy is given to the system, but due to
fixed piston there will be no work (AW = 0) i.e. all the encrgy is consumed to

increase the internal energy, Substituting we get _ (P2 V, Ts}
AQ=AU+AW =AU +0 1
or AQ = AU P
The graph between P and V is vertical straight - - PV, T))
. line and shows that pressure on the walls of container : '
and temperature is increases when volume remain constant. -

Isothermal Process: -

It is the process .iu wihich temperature of the system remains mnlsmn.r.

Explanation: -

Consider a system consist of a cylinder whose walls
are perfectly insulator and conducting base and ideal gas is
enclosed in it by means of a friction less moveable and "

. insulating piston, !

Let AQ heat energy is given Lo the syslcm due do
which temperaturé start to rise but by reducing the pressure
gas is allowed to axpand due to which temperature remain constant i1.e. AU = l]'
substituting in equation of first law we get

AQ=AU+ AW =0+ AW

or AQ =AW

The equation shows that all the energy is P
converted into work, It is example of Boyle's law |
mn which gas is allowed to expand at constant

PV, Ty

Isotherm

temperature. . | I )
' Similarly the process may be explained for Adfabatin_ (P3 V3, T2)

isothermal compression. _ .

Graph: - ' v

The graph between Pand V 15 a r;u.nft like hyperbola. -
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Adiabatic Process: -
It is the process in which no heat fTows into or out of system
Expl : -

Consider a system consist of a eylinder whose walls and
base are perfectly insulator and ideal gas is enclosed in it by means
of a friction less moveable and insulating piston.

- Inthe process no heat flows into the system i.e.AQ = 0 therefore to take work
pressure from piston is decreases due to which gas expand with out energy.

Substituting we get = .
: AQ = AU +AW
or . 0 =AU+ AW
or AW =- AU
The equation shows that work is done on the basis of internal energy, which
is a decrease.
If pressure is increases the'work is done on the system and AU will be
positive
-

The graph between P and V. is a curve but this curve is deeper then isotherm
and shows that "with the change of pressure, volume and temperature both are
changes.

Q.15. State and explain second law of thermodynamics. Prove that Kelvin and Clausius
statements are equivalent.

Ans. A machine which convert heat cnergy into mechanical energy is known as heat
engine.
There are three parts of an engine Hot Hndy
1. A hot body (Furnace or source of energy)
’ The working part (engine)
a. A cold body (Sink).

The heat flows from hot body toward cold body, L-ng1 I
~ Work between them engine convert a part of
heat energy into work 1.e. for an heat engine two different 0,

temperaturc are necessary there fore the second law 15 Cold Hndy
defined by different scientist in different ways all of [ =
which are equivalent from which twp are popular.

Kelvin Statement: -

Kelvin stated the second law of thermodynamics as “no heat engine
operating in a cycle can extract heat from a hot reservoir and convert it info work
with out a heat sink to which heat flows".

Or
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“It is impossible to drive a continuous supply of work by cooling a body to a
temperature lower then that of the coldest of its surrounding”.

Lord Clauses Statement: - Het body |

“It is impossible to cause heat to flow from a mfn‘ body to
a hor body without the expenditure of energy.”

It is the example of refrigerator in which heat flows from cold fii gemtn
body to hot body with the help of compressor tu which energy
from outside is given.

Two statements are similar: - Cotd h-::dy
To prove that the two statements of2™ law = Hnt body
of thermodynamics are identical, Qt t Uit:
_ consider that one from two is false.
- Let suppose that Kelvin statement is false and 'ngmc efrigeratyr

we can construet an engine which do nothing — O
excepl it take heat from hot body and convert it
completely into work. If this engine i1s connected .
to a refrigerator then this work operates the refrigerator Cold body
which convert heat from cold body to hot body without
external (expl:ndlturc] of work which is agamst the Clausius statement

The result is that If one is consider wrong 2™ also become wrong therefore we

conclude that two stalements are equivalent.

Q What is Carnot engine, describe its cycle and drive body expression for its
efficiency.

Ans. The Carnot engine: -

It is an imaginary engine having 100% efficiency. It is based on the principle
that efliciency of an engine never be increases from 100%. A French scientist Sadi
Carnot gave the theory.

The Camot engine is consist of a cylinder whose walls is perfectly insulator
and conducting base and ideal gas is enclosed in it by means of a friction less and
insulating moveable piston.

One complete cycle of Camnat engine 15 consists of four steps.

V] '\‘!4
Insulator Cold Body Q)
1.- The engine is placed on.a hot reservoir and gas is allowed to expand under

isothermal expansion. Let Q, is the energy absorbed by the system due to which
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volume of gas is increases from V) to V; .The process can be represent by curve AB
as graph. '

2. The engine 15 placed on insulator and gas is allowed lo expand under
adiabatic expansion then volume of gas is increases from V; to V. The process can
be represented by curve BC as graph Adiabatic.

3. The engine is placed on a cold body at temperature T I
which absorb heat Q, due to which volume of gas is
decreases from Vi to V. This process 1s isothermal P B
compression, represented by curve CD. as in graph. - D _

4 The engine i3 again placed on insulator and gas v —C

' is pressed such that its volume and temperature

become as inifial volume and temperature. The work is done on the system under
adiabatic compression, represented by curve DA as in graph.

Efficiency: - )
As (Qy 15 heat absorb by system and Q. is heat rejected to cold body then the
work done in the cycle may be written as : ’

Work = Out put = Q; - (),

and Efficiency = Output &' Q,~10;
. : Input Q,

Or Efﬂcicncy:ﬁ—& = 1_&

) Q Q Q

This equation shows that as the ratio Q%! is decreases the efficiency is
: :

increases and If Q; = 0 then efficiency will be 100% but this condition disobey the
laws of thermodynamics i.¢. the efficiency of an engine is never be 100% even of a
Carnot engine.

As Q depends upon the temperature and QT je. Q=KT
There fore Q=KT,; and Q~KT;
' - K
Therefore 2, KO
[:" ] KQ 2
. QJ QI
Or —t =
QI: Q.."-
Efficiency = (1 —-TZ—J
T,
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Percentage Efficiency =[1 - {i}ﬂ 100

Q. State and explain the term entropy. E:r.plam cntmpy -of a system on the bases of 2™,
Law of thermodynamics.

Ans. Entropy means the disability or disorder of a system. The law of entropy
states that during any process the entropy of system is increases of remains
conmstant, i.e. if is never be decreases.

For example consider a box comaining white and red balls placed side by
side, then a red or black ball may be pick out easily, If the box is shacked well then
the ball will be mixed and it will be difficult to pick out a ball of correct color. It is
because the disorder or entropy is increases.

According to second law of thermodynamics, If a system undergoes spontaneous
* change, it will changu in such a way that its entropy will increases or at least remain
constant..

Expinnatmm -

According to second law of therrrmdynamms engine operate in a cycle when
heat is transfer from a hot body to cold body. We also know that as the difference of
temperature between hot and cold body is increases its efficiency is increases.

We also know that when heat is transfer from a hot body to cold body the
difference of temperature is decreases as a result of which efficiency is decreases or
the entropy is increases.

»  Formula; -

If ﬁQ is the transfer of energy at cunslant absolute temperature T then
change in entropy is the ratio of AQ and T 1.e. ;

Entropy = AS = é'_-rg

Unit: -
"y,
The unit of entropy in S.1. system is JK™', +
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S SHORT WER I ie
Q. Explain why the column of mercury first descends and hen nises when a mercury-in-

glass thermometer is put in'a Name?

ns. ::-When a thermometer is put in a flame, its bulb absorbs the heat first and expends,
which causes the descend in the column of mercury, after some time mercury in bulb
. start abmri:rmg hegrand it rises in the tube of thermometer.

Q. Accordmg to molecular pmtun: of matter distinguish between heat and temperature.
Ans. According to molecular theory every substance is consist of molecules having
. -.contmuous. motion with different velocities, The average translational K.E, of
_+ :molecnles is known as temperature, while some of all types of K.E.s (Translational +
Rotational + Vibrational) is known as heat. :

Q. Explain Absolute Zero temperature.
5. “If Graph is drawh between Volume and Temperature of g
"' a gas keeping constant volume a straight lime is obtain . i _ i 3 S

which shows that at -273 k the volume of gas become  -273°C - 0°C  200°C
zero and negative volume is impossible therefore this 0K 273k 473k

- temperature . is consider as  absolute zEm (IJL:}. As zero volume is

" impnssihlc’hm:ausv: g :

& Gas is consists'of m]ecules and molecules occupies space.
2. “When molecules comes near to each other inter atomic Coulnmb repulswc
M:H m m’te e L i E £

Q. What is kinetic theory uf gases? Give the experimental evidence for it.
.Ans.  According to the theory, all maters are consists of molecules which moves randomly
in the matter. Experimentally it is proved in Diffusion of gases and Brownian
Q.  Why is the average velocity of the molecules in a gas zero but the
average of square of velocity is not zero?

Ans. The molecules of a gas moves randomly in the container, and the number of
molecules moving from one side to other is equal to the number of molecules from .
opposite side to that side therefore average velocity of the molecules in a gas zero.
On the other hand the square of negative or positive is pusiﬁve therefore the average

. of square of velocity is not zero. :

Q. Why does the pressure of a gas in a car tyre increases when it is driven thmugh some
distance?

Ans. The pressure is directly proportional to average translational kinetic energy of
molecules. When car moves, the average iranslational K.E. of air molecules in the
car tyre is increased, so pressure of a gas,in a car tyrc increascs.

Q. Why is the specific heat at constant pressure (Cp) is greater then specific heat at

' ~ constant volume (Cv)?
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Ans.  When heat is supplied to a gas at constant volume then all the energy is consume to
increases its translational K.E. ie to incrcase temperature while when heat is supplied
to a gas at constant pressure, the piston is pushed up i.e. some energy is consume to
do work there fore more energy is required to gcl same lemperature as in case of
constant volume, there fore Cp>Cv.

Q. Is it possible to convert internal energy into mechanical energy? If so give example.

Ans.  Yes, it pomlbl: to convert intemnal energy into mechanical energy, for example in
case of adiabalic expansion work is done on the basis of internal energy.

Q. Is it possible to construct a heat engine that will not expel heat into the atmosphere?

Ans. No, it is impossible to construct a heat engine that will not :xp:l'hnat into the
atmosphere; if it is constructed then it is against the second law of thermodynamics.

Q. A thermo flask cnntaiﬁing milk.as a system is shaken rapidly, does the temperature
of milk rise? :

"Ans.  Thermo flask maintain ils temperature when it is at rest, When it is shaken rapidly
kinetic energy of milk molecules will be increases which causes to rise of
+  lemperature of milk. - :
Q. If air conditioner is left running on a table in the center ol'a room, 18 temperature of
room is changes?

Ans. If air conditioner is left running on a table in the center of a room its temperature
will not changes because air conditioner in the room will absorbing heat from room
and reject back at same time,

Q. °  Give an example in which no heat is transferred to or from the Sﬁtﬁﬁli but the
tempergture of-the system changes?

Ans. A Thermo flask maintain its temperature when it is at rest, When it is shaken rapidly
kinetic energy of milk molecules will be incrcases which causes to rise of
temperature of milk

Q. Explain the process in which no heat is transferred to or from the system but
temperature of the system changes?

Ans.  The process in which no heat is transferred to or from the system but lr.rnperamr: of
the system changes is adiabatic process, in which work is done on the bases of
internal energy of the system and temperature of system is decreases.

Q. Define Second law of thermodynamics in terms of entropy.
Ans.  According to second law of thermodynamics engine operate in a cycle when heat is:
' transfer from a hot body to cold body. We also know that as the difference of
temperature between hot and cold body is increases its efficiency is increases.
We also know that when heat is transfer from a hot body to cold body the
difference of temperature s decreases as a result of which efficiency is dccmaus or
the entropy is increases. b :
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Chapter 11 [MCQ’s] '
1.8 Heat is a form of energy asscciated with motion of:
(a) electrons {b) protons  (c} aloms (d) molecules
. The S.1. unit of heat is y
(a) Joule ' {b) “aloe  (c) Centigrade (d) Fahrenheit

3. The gquantity of heat requited to rise the tempcrature of 1gm of watcr from 145Co
15.5°C is known as

{a) Specific heat (b) Latent heat (c) Calorie  (d) Joule

4. The degree of hotness or coldness is called:
(&) Hea th} temperature {c) enerpy (d) none of these

5. The temperatur.  which centigrade and Fahrenheit scales are equal is
(a)u N T 7. (d)-273 ~ (e) 100

6.  213Kelviner  ondsto

T @rce »=IF () 0°C (d)-273°C
1 On Fahrenheit scale. the termpe-iure of 50°C responds to
Y. @HWF ol . 122F  (d)105'F

8. One cubic meter is equal to
(@ 10°em® ()10 em’ () 10 em’ (d) 107 em® .

9, The frictional change in length per unit leneth per degree rise of tempetature is
called: . '
(a) linear expansion (b) coefficient of linear expansion
(c) Volume expansion (d) coefficient of volume expansion

0. Coeflicient of volume expansion i+ of coefficient of linear expansion:
(a) One third (b)half © ~ (c)doubléd  (d) three times

11. A thermomeler works nn the principle of.
(a) linear expansion . (b) volume expansion
(c) both linear and volume expansion {d) nonc of these

12.  Bimetallic strip work on the principle-oft .
' (a) linear expansion  {b) volume cxpansion
(c) both linear and volume expansion (d) none of thuse

13 The internal energy of a system depends unon -
{a) Pressurz (b)) Volume  (c) Temperature {d) Entropy

M.. RMS velocity of a gas molecule at absolute zer - temperature is
{a) 9% 10" m/sec (b) 3% 10" m/sec (c1 273m/sec  (d) zero
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15. If the pressure of a gas is doubled, keeping the temperature constant, the volume of
the gas is
(a) Reduce to one forth. (b) Doubled

(b) Reduce to onc half of the urlginnl volume:
(c) Increaszes four times.

16. Universal gas constant for one molecule of a gas is known as:
(a) Avogadro's number (b) Boltzman constant
(e) molar gas constant (d) molecular constant

.l?. According to Charles law :
(a) PV = constant (b -;- =constant (c) VT =constant (d) %.—.mns tant

18.  The pressure and volume relation for a gas undergoing an isothermal change is
(a) PV = Constant (b) PV'= Constant (c) (P V')= Comstant (d) P/V = Constant

19. According to kinetic theory of gases, the root mean square speed of gas molecules is
directly proportional to

@VT ) V1? @ T @

20.  The value of Boltzman constant is equal to
- R N i
= RN T l: —'i d o
{a) RN, _ (b}ﬂn “-R -[}N.&
21.  The value of Boltzman constant is equal to .
(a)3.85x10%  ()2.185x10"UK " (0)1.62x10*IK " (d)1.38x10°PJK !

22. I the pressure of a gas is doubled, keeping the temperature constant, the volume of
gas .

(a) Reduces to nn:—fuurlh (b) doubled

(c) Reduces to one-half of the original volume (d) Increased four time

23.  The pressure and volume formula of a gas undergoes an adiabatic change is :
N (a) PV =const. (b) PV'=const. (c) (PV" const. (d) P'V=const.
24. . The pressure exerted by the gas molecules on w.e walls of a vessel increases if the
{a) temperature of the gas is decreases :
ib) velocity of molecules of gas is decreases
- {e). Collision of the molecules of the gas with the walls is increases.
(d)  None of the above.

"25.  The K.E. of the molecules of a ideal gas at absolute zero temperature will be:
i (a) infinity (b) zero {c) very high (d) very low

26.  The volume of a gas is doubled without changing its temperature, the pressure of the
gas is _
{a) Reduced to half of the ongmal value | (b) Doubled
{c) Reduced to one-quarter of the original value = (d) Quadrupled
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27."  The heat required to produce a unit change in the temperature of a unit mass ut" a
substance is called:
(a) Heat capacity (b) Molar heat (c) Spec:ﬁc heat ~* - (d) Latent hcat

28. The S.1 unit of molar specific heat is:

i (a) Jkg-k (b) calorie /gm-"C  (c) J/mole-k (d) ¥/mole-"C
29, The quantity of heat required to rise the temperature of 1gm of a substance through .
1°C is known as s , |
~ (a) Specific heat (b) Latent heat (¢) Calorie (d) Joule

30. _ The difference of molar specific heat at constant pressure and at constant volume per
mole is called:
(a) Molar heat  (b) Heat constant (c) Boltzman constant (d] Gas constant

3T Amount of heat energy absorb during the changc of state without rise of temperature

| is known as )
{(a) Specific heat (b) Latent heat
{c) thermal conductivity (d) vaporization - -
32. ©  Fora mono atomic gas value of C,, is: . _
3, 5. 7 e A
@R ®3R @R @3 o
33, ‘Thc system in wh:ch thm is no transfer of mass and cnt:rgy across the boundary is
called : LB
" (a) Open system  (b) Closed system  (c) Isolated system  (d) hf:at engifié
34.  Foradiabatic process: ' . o BT R Ay -”.“ 1l B 3.9
(@ AW=0 (AU=0 (c)AQ=0 (d)none 'ut"these _p ety
et T EARN SR TR T P N 1H |
35.  The internal energy.of an isothermal process il :H [",
(a) Decreases {b] increases (c) Zero (d] remain the same : )
- s g il AL
36. If the vulume of : system remain constant during the pmocf It is ca]li:d : _pi’ ()
(a) Isobanc . (b) Isothermal (c) lﬁﬁfu‘hﬂﬂﬂ i oo 81} #"‘#lﬂhi"“‘idl (54
37.  The process during which no external work is pﬁi‘fﬂnn It LGOI ()
(a) Isobaric  (b) Isochoric  (c) Isathermal {d) Adrahahd _ (d
38.  Graph of adiabatic processis___ then isothermal pruccss i - " L::
{a] Inwer ' [b] higher  (c) same (d) none uf‘ there _ . .
s NI ] i N

. The' maxunun]. efﬂclcncy of a heat engine is nbtmn b_',r raind (6)
{a] Increasing the temperature of hot and cold bod}l' SImu]tanmusly_ k!:ﬂplng other

SRTRAP factors constant. e @1 ciEery ol 0L
{'h]' Decreasing the temperature of the sink and mcreasing the tempbriturt of
source; keeping other factors constant. .. . i oEie abatl (&)

(e) Decrecasing the temperature simultaneously {d]}lhnebl‘hhunéu‘l {2)
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40. -+ The efficiency of Camnol engine is 100% if temperatuce of sink js:,
. (a) 0°C(b) 0°F )0k (d)100°C o
4.  The efficiency of Carnot engine is given by:* “Y swisisqmet tate 1A (i)
L T < ﬂ -
{a}E=[1——’J {b]E=[l——'J ' [c}E=[l+—;l (d) E”=Fr—r——1]
- T : ! T T =70 VL
42, The change of entropy is given b}r . e
AQ g :noivplo?
(2) AS=—- (b) — () Q,— s (d) A3=—
. &Q - J'[ _” -} {I T
43. The entropy of universe - €
(a) Always remain constant _ (¢t fb};_ﬁj(‘ifys_l dgcreases
(c) Either remain constant or increases (d) Al ia'u increases
44. The net change in entropy of g gystem In aqpupral fe iﬁ:.‘_}
(a) Positive - (b) negative  (c) zero ( mﬁn'?ty
nad? )« 15 shisniog olesz owl ::-rir 151 {11}
45,  The changc in disorder of a system isequalto o, ooy
@ 2 ®) E (©) (AQpeT) 4) ?L%Q +T)
.
IMPORTANT FORM WTER
g 001 - xE = (ST g2 = @
. c_za(F-sz.) 2. ObF=—C+3d
0dl-=xk
3, A% Rb 4, "ORAE l}dg[r?: i
m,T, m,T;
10k -=D°0h -
By o0 B Ml Lh AN sedtw 0% 18 im0 B0 piredNio MRl 6 bon oot A S.11
7 p= Vé"} 8. Vi=V, (1+pAT) -:sed
o= ' mal0=_1
9. ﬁ=3“r 10. PV'=HIR’P E = rT
2 (1 ' - :noitolod
; 5 B .
. 1 =§{5 il ] 12 ARATFAT
[OE - 0) e "D [} +]25.05 ]
13. Cp-Cv=R anh 14.mo &QooAU + AW
Borsad 20 5 nglw ikey ind 1o s19dge munimull, ne o smulggni agnsda ad l:mFI £l
15, E= (1—-— = 100 16. 55—? 2°001 o1 2°0 mont
1
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s PROBLEMS A
11 @) The normal body temperature is 98.4°F. What is this temperature on Celsius
:::'SI:. ._ At what temperature do the Fahrenheit and Celsius scales coincide? °
Data: -
°F=98.4°F . '
°C=? -
Solution: - =

@ C --:-(F -32)
' -=§{9s.4-32}_

Cc- g(ﬁﬁ.-l-) ~3689°C  Ans.

(i)  Let the two scale coincide at x °C, then
x"C = x°F

c=5{F—32]

——-'[x 32)

91-5(::-31) = 5k 160
Ox —5x=-160
4x =-160
=_]6‘}--—4{}’
-40°C=-40°F -
11.2 A steel rod has a length of exactly 0.2 Cm at 30°C, what will be its length at ﬂl_"C?
Data: - '
L,=02cm
T,=30°C

Soluation: -

Ly=Lo{1+a At)
L=02{1+ 11x10®x (60 - 30)}
Ly=10.200066 cm. Ans.

11.3 ° Find the change in volume of an Aluminum sphere of 4m m:hus when it is heated
from 0°C to 100°C?
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Data: -
R=04m’
T,=0°C
T;=100°C
AV="T
a=24x10*°C"
Solution: -

B=3c=3x24 x10° =72 x10° °C"
AT =T;—T;=100—-0=100°C

V, = %“ r =%x3.14x(ﬂ.4}“ =0.268m’

Putting values in formula
AV =V, B AT
AV =0.268 x 72 x10* x 100
, = 0.0019 m’
* 11.4  Calculate the root mean square spaced of Hydrogen atoms at 800°K.
Data: - _
vlTl'Ii. = ?
T=800K
: K =:1.38 x107 JK'
. Solution: -

- m -
Vi N T = PRT
; rms m

In air Hydrogen is found in molecular form there fore
Mass of one mble of Hydrogen molecules = 2gm =0.002 Kg.

0.002 - Pas
i, Ty DY 1
6.025x10% Ke

v - [PKT _ [3x138x10"" x800
.r.ml § m ]l] 3.321 1':.'—1? .
. =49975903.6 =3158.5ms”  Ans.

113. ) Calculate the average value of kinetic energy of the particles of an
ideal gas at 0°C and at 50°C. .

(i) . What is the kinetic energy per mole at these temperatures?

Mass of one mole of Hydrogen = m =
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Data: - . - -
=0°C=0+273=271K ' .
T;=50°C=50+273=323K
(a) K.E, =7
KE.=7 ©
(b) K.E.//mole="? A e = i 0
K.E.z/mole =7 coewat S BREXE =l w )
&‘I-“-Hun: _ .1‘7 L.r\'E "] '-)”! = I ] ]i"
2 (1 pl_ PR S O}
T e k-ﬁ Wil L x.u = g SN
. zx[z ] ! 3 )
siyrmet o zavley gritly
KE =L -;-; .V = VA
3]{']'. 32 {5 I][; w0 2?3 " 1}" 7= Jr’
(a) K.E., L g2k xF ' x weessifo?y  Ans,
L i s A i stalnule &0+
KT, Il Rk TgReg iy Hisuge ks Joot d
K'_,E,_ s 5 -ﬁﬁiBlS 107 Ans. inimtl
K—E : SKNHT JRT r.‘ ] l1"'-
®) Awlﬂ_ 'y _ A0CEST
KE 3R'I' 3x8.314%273 _ ialtiob. 51
/ o - = 3404.5T/mole. ﬁ‘?‘%ﬁl‘!i@‘ ’

= 4028, 131;mp|= - Ans.

KE,/ . _3RT _3x8.314x323
/ le 2
11.6 A two-Kg iron hlnck is taken from a furnace where its tmperaiure was 650°C and
plau:ed on a large block of ice at 0°C. Assummg lhat all the heat given up by the iron

is used to melt the ice, how much ice is mclted'?

Data: - EE

m =2Kg . ., M#F"“—W‘“FFFFF#; LM'&E sl ] el

. ﬁm b= o ,Hpﬂ-flﬁp‘. 3‘-\?6’]@Lrﬁ3'u1wf ‘_r Fi TPETLAY
tgrﬁﬁﬁ“t »c:pr lmn 49931!{3

Sofutidhi:< " = : - s H o slonir om0 e canld
H:at"lnstb}ru"nn - mC m
Hia TR 499.8 «1ES0 y
' |:I ifﬁﬁl-ﬂ'?ﬂ], T 1' PRl
Heat gainediby M Kgofide b melt B00°C ;
ng to zoloiivery ol Toovussan f oy _"_ M" Hf“ 33mM 0y 201
Taiananing 336000 M Hlﬂ_g.-f-ﬂ' At el v oang WT (i}

M =193Kg Ans.

visit www.downloadclassnotes.com for Notes, Old Papers, Home Tutors, Jobs, IT Courses & more.
(Page 34 of 310)



For more notes & academic material visit our Website or install our Mobile App

Website: www.downloadclassnotes.com Mobile App: bit.ly/DCNApp
PHYSICS NOTES FOR 2NP YEAR (FOR SINDH)

Chapter 11 35 Heat

11.7  In a certain process 400J of heat are supplied to a system and at the same time 150
of work are dunc on the system. What is the increase in the internal energy of the

system?
Data: - _

.-ﬁQ 400]

= 150J

aU =7
‘Solution: - : =
From the relation . AQ = AW+ AU

or AU = AQ-AW

: AU = 400-150
= 250) Ans.

11.8 There is an increase of internal energy by 400J when the B0OJ .ﬂf'wo:k is Jmc by the
. system. What is the amount of heat supplied during this pm::ﬂ,ss g

Data: - : SHLE - ]
AQ =7 ~ ndipdee
dJJ - 4']{}] sumniteE
AW '='800) i Y
Solution: =, , | ' ! Pl - W

LR B [ | ¥ P i
A o i

i1

From the relatmn ¥ AQ = AU + AW
= 400 + 800 = 1200] .Am

1.9 A heat engine pefforms 200] of wurk in each cycle and h efﬁmency 20%. For each -
cycle of operation, 0as
(@) . How much heat is absurbnd" {b} How thuch hcal 15 cxpellad"*
Data: - w0 . -
AW =200) . 0 e ik
Efficiency L= 20%=0.2 b meengi sl 8 saumanl

g,

Solution: -

Efficiency = ﬂ
AQ
ﬁﬂ—ﬂ-@-lﬂﬂlﬂ Ans.
0.2
AQ = :!t.U +AW
=AQ - AW
= 1000-200=8001] Ans.
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11:10 A heat engine operates between Iwo reservoirs at temperatures of 25°C and 300°C.
What is the maximum efficiency for this engine? '

I]nl:a;.- 5

t; = 25°C
tz = 300°C

T, = 25 + 273 = 298°K
T, =300 + 273 = 573K
Solution: -
3 A
' Efﬁmcnc}r=E=[J—-fz-]xIﬂD

i
Ez[l--ggﬁ]u!m::iﬂ% Ans,
573

The low temperature reservoir of a Carnot engine is at 7°C and has the efficiency bf
40%. It is desired to increase the efficiency to 50%. By how much degrees must the
temperature of high temperature reservoir be increased?

111

Data: -
: E, = 40% T, =7 "
» Ty = 7°C ' Ty =7+ 273 = 280K
Ex: = 50% T, = 280K T', =17
Solution: - '
For 40% efficiency - For 50% efficicncy
. T. T
(i) E,_=[ —T—inlﬂﬂ E, f[t—?:-)ﬂm
A _1,-280 S0 _[,_280
100 T 100 '['I
20 pd=0s B 0w
i " B
280 | . 280 _
T,---n—g--liﬁﬁ.ﬁi{ T'_ﬂ.ﬁ = 560K

- Increase in temperature of hot reservoir =T | - T) = AT
AT = 560-466.6 = 93.4°K
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'EXAMPLE
‘Example 11.1
A steci rod has a length of 10m at a temperature of 25°C. What will be the increase
in length if the temperature is raised to 35°C.? Given
a=1.1x107°K"
Data:
Le=10m
T\=25°C
AL =7 :
T:=35°C "AT=T;-T)= 35-25=10°C
Solution: -
- AL =L, a AT.
=(10) (1.1 x10%x 10)
=1.1%x10°m Ans.

Example 11.2

An air-+{orage tank whose volume s 112 liters contains 3kg of air at a pressure of 18
atmospheres. How much air would have to be forced into the tank to increase the
pressure to 21 atmospheres assuming no change in temperature.

Drata: -
: Vi = 112 liters m =3Kg
I’y = 18 atm ma="7
s =21 atm. Vy, =V,
Solution: -
P'|"'T1 .= P:v; .
m, m,
o P,V,m, _ 21x112 *{_3_-'= 3.5Kg
BY, iIBx112 .
The mass of air which must be fsfced into the tank = (3.5-3.0)= 0.5kg. Ans.
Example 113
Calculate the volume occup <d by a grani-mole of a gas at 0oC and a pressure of
atmosphere. \
Data: -
V=7
P =latm = LOIxI10°N: *
T=0° +2713=273K
n = | mole
R = B.314 Vmole K.
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Snl.u_tlnn -
PV = nRT
v SR _Dx8I34x37 _ 4 0224m*/mole  as 1m® = 1 x10° lters
P 1.01x10
. =22 4 liters/mole Ans.
Example 11.4

Calculate the Ve of hydrogen molecules at 0 °C and 1.00) atm. pressure, assuming

hydmgcn m be an ideal gas. Under these conditions hydrogen has a density pof 8.99
-x 107 kg/m’.

Data: -
Vims. =7
T=0°C=0+273=273K
p=1.00 atm = 1.01 x 10° Nm?
p =899x 107 kg/m’.

Solution: -
& : ap
vr.r-.l. = F
- . 3% 1.01x10°
V‘I"lrﬂ.l. =

8.99x10%
. V,., =1835.86ms™ Ans.
Example 11.5

A 50 gram piece of metal is heated to 100°C and then dropped into a copper
calorimeter of mass 400 gram containing 400 gram of water initially at 20°C. If the
final equilibrium temperature of the system is 22.4°C, find the sp-:clﬁc heat of the
metal. Spemﬁ:: heat of copper is 386 ] kg 'K

Data: - . .
My = mass of metal = my = 50g = 0.05kg
. ' C = Specific heat of the metal - =g=1
' Tu = Temperature of the metal piece = Ty = 100°C
Tr = Final temperature = Tp=224°C
Mw = Masds of water = my=400g =0.4kg

M; ‘= Mass of Calorimeter = m,=400g=04 kg

Cw = Specific Heat of water = Cy=4200 Jkg'K"

Cw = Specific heat of Copper = 386Jkg'K"'
Solutien: - .

. . " From the law of heat exchange.
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Heat lost by metal = Heat gained by water + Heat gained by Calnnmeter
Mﬂxcmxﬂm TF_]' -m,thM{TF- w} + :mc"C:x(TF“ lr}
05x Cpx (100-224) = 04x4200x{224 200+ 0.4 x386{224 20).
C=113468 Jkg'K*
Example 11.6
A system absorbs 1000 Jﬁl.llﬁ of heat and delivers ﬁﬁﬂjoulea of work while ln-smg
100 Joules of heat by conduction to the atmosphere. Calculate the chauge in the
mr.umal energy of the system. : . :
Dlta: -
Q= 1000J
AW =600J
Q=100
AU=7"
Solution ' .
AQ = 1000-100= 9007J '
AU = AQ - AW = 900 - 600 "Jﬂﬂ]hns

Example 11.7 ;
A thermodynamic systmn undcrgoes a-process in which its internal energy decreases

by 300 J. If at the same time, 120 J of work is ‘done on the system find the heat

transferred to or from the E)FEI.EI:II
Data; -
AU =300
AW =120
AQ =17
Solutionz -  AQ = AU + AW
AQ = 300+ 120
- 4Q = 4207 Asns.
E:ampl: 118 .
“Find the nfﬁmmw of the carnot’s engine wnﬁ:ing between 150°C and !'rﬂ“C
Data: -

TI':ISI]"C-IHI+173=423K

T;=50°C=50+273=323K

E="? ,
Solution: -

E =[]-E]xlﬂﬁ
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._ SOLYED NUMERICALS FROM PAPERS
_ Example: 1. :
A meter bar of steel is correct at 0°C and another at -2.5 °C, What will be the
difference between their lengths at 30°C. . a=11x10°K".

Data: -
1% rod 2™ rod
L,=1m : L,=1m
T|'=U“C T|_=—2,5 °C
T:=30°C To=30°C
L1=? L1=?
AT=T2-T,=30-0=30°C AT=T;-T;=30-(-2.5)=32.5"C
AL =17
Solution: - m
1*. rod 2°rod
La= Ly(1+a AT) . L'y=Lifl+a AT)
=(1)(1+11 x 10®°x 30) m =(D1+11 x 10%x 32.5)
= 1.00033m - = 1.0003575m
. AL =L~ Ly=1.0003575-1.00033=2.75 x 10° Ans. '
Example: 2. .

A cylinder of diameter 1.00-cm at 30°C is to be &lid into a hole in a steel plate. The
hole has a diameter of 0.99970 cm at 30°C. To what temperature goust the plate be
heated. (@ for steel = 1.1 x10*°C™).
Data: - '
L= 1.00 cm
T;=30°C
L; =0.999 cm
T|=? .
Solution: -
AL = alAT
L;-Li=aL(Tz-T))=aLT;-al,T,
{L;- L) +al,T,=al,T;
«T-. = (Li -L; ]'*'“L|T1
¥ ul.,
1. - (1-099970)+1.1x 10~ x0.99970x 30
y 1.1x107* x 0.99970
T,=57.19°C Ans.
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Example: 3.

An air-storage tank whose volume is 110 liters contains 2kg of air at a pressure of 15
atmospheres. How much air would have to be forced into the tank to increase the
pressure to 18 atmosphéres’ assuming no change in temperature?

Data: - g
V=V,=110liters .
m=2kg .
P, =15 atm. --
mi; =7
P; =18 atm. ' .
Solution: -
RV, BV,
m, m,
_P,V,m, 18x110x2
BN 15110

=24kg Ans.

Example: 4.

Calculate the volume occupied by a gram-mole of a gas at 10 °C and pressure of one

atmosphere. ' ' '
Given R =8.313 j/mole-K and one atmosphere 1.01x10° N/m’.

Data: - -

n=1 mole

T=10°C=10+273=283K

P=1.01x10° N/m®.

R =8.313 j/mole-K

V=2
Solution: -
PV =nRT
ViDL IREIMX A o 233w10 e,
P 101x10 :

Example: 5.

Find the r.m.s. Speed of the nitrogen molecules at 27°C. Given the mass _;)f' nitrogen
molecule to be 4.67 x107¢ Kg; K= 1.38 x10™ Joules’K

Data:
Vime="?
T =27°C =27+273 = 300K
m =467 x10** Kg
K= 138 x10"* Joules/K
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Solution:
T= i(lm?‘ J
K2 .
Vo< ., [
S Y m 4,67 %107
Vems= 515706 m's Ans.
Example: 6.

Find the root mean square of a hydrogen molecule at 7°C. Take the mass of

hydrogen molecule to be 3.32 %10 Kg and Boltzman’s constant =1.38 x10%
Joules/ K

Data;:
-Vr.m.;"“'?
T=7°C = 7+273 = 280K
m =332 x10% Kg
K= 1.38 x10® Joules/K

Solution:

S 2 (1)
T 31{( m‘JJ

f 2 ||3KT Jsxtasxm ”xzsu
i 3.32x107"

Vl me = 1868.57 mu"s

Example: 7.

Determine the average value of kinetic :nn‘g}- of a gas at 300K. The value of K =
1.38 x10™ Joules/K

Data: -
Solution: -
:'FKT, 3%1.38x107* x 300

KE.= = =6.21x107*']  Ans
3 2
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Example: 8.

At a certain temperature the average kinetic energy of hydrogen molecule 15 6.2
x10?" Joules. If the mass of hydrogen molecule is 3.31 x10?7 Kg; find (i) the

temperature and (ii) root mean square velocity of the hydrogen molecule.(Given
K=1.38 x10® Joules/ K.)

Data: -
KE. =62 x10?" Joules'
m =331 x10" Kg
T="?
"Vems=7

K=1.38 x10™ Joules/ K.)

ion: = L
2.1 gz} 2
] o N TR
31{[1va 3K E)
2

k =21
3x1.38x10°# (ﬁhm

2
T=-— K.E. =
R
T=2995

o |'3KT Jaxsasxm*ﬂnggs
L. 33211{}-!7

=1932.5 m.f's

Example: 9.

The molar specific heat ofa given gas at constant vo1ume is 12.45 J/mole K, find its
molar specific heat at constant pressure and the ratio of the two molar specific heat
of the gas. (R = 8.3 J/mole K)

Data: -
Cy=1245 Ia'mohl(
{:.‘]-=?
G _y
Cy
R =283 Jmole K
Solution:
Cp—Cy=R
Cp=Cy+R
Cp=1245+83=2075Vmole K. Ans
G 2075 _, 5 Ans
Cy B3
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Example: 10.

If one mole of a monatomic gas is heated at constant pressure from —30°C to 20°C,
find the change in its internal energy and the work done during the process. Cp =
20.8 Jimole-K Cv = 12.5 J/mole-K

Data:
n=1mole
T =-30"C+273=243 K
T:=20°C+273=293 K

*(a) Al=7
] (b) AW =17 :
-Solution: - |

AT=T;-T; =203 -243=50K ' |
(8 AU=AQy=nCyAT=1x12.5%50=625]  Auns

(h) AQp =n Cp AT = 1x20.8x350 = 1040 ]
But AQp=AU+ AW ~
Or AW =AQp- AU
= 1040--625=415] Ans.
Example: 11.

A heat engine p-érfmjms 1000 joules of work and at same time rejects 5000 joules of
heat energy to the cold reservoir, What is the efficiency of the heat engine?

Data:
AW = 1000J
AU = 5000]
E=7
- Selution: .
AQ.= AU + AW
AQ = 5000 + 1000 = 6000 J
gl O <AV v
Input AQ
E= ”":'E x100=16.67%  Ans.
Example: 12.

A heat engine performs 1000 joules of work and at same time rejects 4000 joules of
heat energy to the cold reservoir. What is the efficiency of the heat engine? If the
difference of temperature between the sink and the source of the engine is 75°C, find
the temperature of its source. : -
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Data:
AW = 1000]
AU =4000J
(a) E=7 L
AT=T5°C+273=348K
. Il ¢ F=R
Solution:
AQ = AU + AW
, AQ = 4000+ 1000 = 5000 J
B SV o =2 100
- Input AQ
E = 1000 » 100 = 20% Ans.

5000

-3
E=[]—-T—] x100 = [I—T‘ 43]:-:1{10
T1 TI

20 = [I_ET__E'EE) %100

348
20 = ——x100
i

1
348

T, = B0 100 =1740K Ans.
Example: 13.
In an Isobaric process, when 2000 J of heat energy is supplied to a gas in a cyhnd:er
the piston moves through 0.5m under a constant pressure of | 01x107 N/m?, If the
area of the piston is 2x10” m’, calculate the work done and the increase in the
internal cnergy of the system.

Data:
AQ = 2000
Ax =0.5m
P=1.01x10" N/m’
A=2%107m?

(a) AW=?

(b) AU=

Solution:
AW = PA Ax

= 1.01x 107 x2x10%0.5
=1.01x10" = 1010J Ans.
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AU=AQ - AW
=2000-1010=990] Ans,
Example: 14.

1200 joules of heat energy are supplied to the system at constanl pressure. The
internal energy of system is increases by 750 joules and the volume by 4.5 cubic
meters; find the work done against piston and the pressure on the piston.

Data:
AQ =12001
AU=7501]
AV=45m’
AW =7
pP=7

Solution:

AQ = AU +AW

1200 = AW + 750

AW = 1200 =750 =450] Ans.
AW =P AV

- Example: 15.

A heat engine performs work at the rate of 500 K.W. The efficiency of the engine is
30%; calculate the loss of heat per hour,

Data:
P=500 KW=500x1000=5x 10°W
E =309 :
Q="
T =1 hour = 3600 Secc.
Solution:
AW=Pxt=5x 10° x 3600 = 1-.8x 10° )
AW
E=——x100
Q
9
Q =¥ x100= 2221 100 = 6x10%
E i

heat lost per hour = Q; = Q- AW
=6x10°-1.8x10°=42x10°) Ans.
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Example: 16.

In an Isobaric process, when 2000 J of heat energy is supplied to a gas in a cylinder, -
the piston moves through 0.1m under a constant pressure of 2x 1.01x10” N/m”, If the
area of the piston is 5x10? m?, calculate the work done and the increase in the

internal energy of the system.

Data;
AQ=2000]J
AX=0.1m
P =2x1.01x10" N/m*
A=5x107m?
AW =" i
AU="7

Solution:

AW =PAV = PAAX .
=2x 101 x10%x 5x10%x 0.1
= 505 J Ans.

- AQ =AU + AW
AU = AQ - AW
- =2000-505=1495J Ans.
Example: 17.
920 J of energy is supplied to the system in a certain process. At the same time 380J
of work is done by the system. Calculate the increase in the internal energy of the

system.
Data:

AQ=920]
AW = 380J
AlU=7
Solution:
AU = AQ - AW
' =920 - 380 = 540 JAns.
Example: 18.

A heat engine performs 200 J of work in each cycle and has an efficiency of 20%;

find for each cycle of operation:
(1) how much heat is absorbed. (ii) how much heat is expelled

Data: .
AW =200
E=20%
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AQ=7
 AU=7

Solution:

Qutput 100 = AW

Input AQ

50=2%100=2%+100 10005 Ans.
E 20 y

E=

x100 °

AU = AQ - AW
= 1000 — 200 = B00J Ans.
Example: 19,

Find the Efﬁcimcy of a Camot engine working between 100 °C and 50 °C
Data:

Ti=100°C+273 =373K
T,=50°C+273=323K
E=? .

Solution:

E=[I—I-1—]x1ﬂl}
Tl

E=[1-§E]xmﬂ-13.4% Ans.
373

Example: 20.

A Carnot engine whose low temperature reservoir is 200 K has an efficiency of 50%.
If is desired to increases this to 75%. By how many degrees must the teinperature be
“decreased, if higher temperature of the reservoir remains constant

Data:

T: =200K
E-| = 50%
ko E; =75%
L AT =7

Solution: _
If temper-amre of hot reservoir is Ty then
For 50% efﬁ-f:jemy
T i
E, = - 2100
: I [ T ] .

1
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For 75% efficiency
E, = [I —L]x 100
T

?5-{1—L]xlﬂl} :
400 | s

75T

100 400

T_J=1_?_5=[1_EJ=}_

400 100 4) 4

T,=100K

AT = T2-T 3= 200-100 = 100 K Ans.
Example: 21, [

An ideal heat engine operates in Camot‘s cycle between temperature 227°C and
127°C and it absorbs 600 joules of heat energy; find the

A1) Work done per cycle

(i1} efficiency of the engine

Data;
T, =227°C+273=500K
Ty=127°C + 273 = 400K
AQ = 600 J
AW =17
E=7

Solution:

E=[1-£]xmn
T;

E=[I—%waﬂ=zﬁ% Ans,
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AW
E=——=x100
Q

I ‘
Aw < EXQ, _ 20x600

100 100

=120] Ans,

Example: 22,

1200 joules of heat energy are supplied to the system at constant pressure. The
intermal energy of the system is increased by 750 joules and the volume by 4.5
m’; Find the work done against the piston and the pressure on the piston.

Data:
AQ=1200]
ALl =750]
AV = 4.5m’
AW=17
P=7?
Solution: .
AW =AQ - AU
= 1200 - 750 =450 Amns.

AW =P AV
AW 450
P:—=—= ﬂ 2 5
AV - a8 100MN/m Ans

Example: 23.

540 calories of heat is required to vaporize 1 gm of water at 100 °C. Determine the
entropy change involved in vaporizing 5 gm of water. (one calorie = 4.2])

Data:
H, = 540 calories =540 x 4 .2 =2268 ]
m; =1 gm=0.001 kg
T=100°C+273=3T3K
m; =5 gm=0.005 kg
n=717
Solution:
Heat required for Sgm of water=AQ =Hyxm
=2268 x 0.005=11.34)

AQ

AS=—2
T .
11.34 .
=——=1, Ans,

85 === =0.03JK. s
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