
Disclaimer

This Blog/Web Site is made available by the lawyer or law firm publisher for educational purpose
only as well as to give you general information and a general understanding. We have the [Rights
to use this document for education purpose. You are not allowed to use this for commercial
purpose. It is only for personal use. If you thoughts that this document include something related
to you, you can email us at yAsadBhatti@gmail.com. We will look up into the matter and if we
found anything related to you, we will remove the content from our website.

For Notes, Past Papers, Video Lectures, Education News

Visit Us at:

https://www.bhattiAcademy.com

https://www.youtube.com/bhattiAcademy

https://www.facebook.com/bhattiAcademy

If above links are NOT WORKING contact us at

yAsadBhatti@gmail.com



*v
'u - "t

k -
•* ^

net 1' Year (1Umquc Notes
physics 1 YearN<***^-w - e,

0j = 90°-61°
Using snell’s law

ni 8in0 j = n2 sinBj
ni sin02

0 91/'
( riticil angle * Ht *

Angle of entry B\ *?
Solution :
We know that:

n » sin0| - n sinO*
n 0i8,n&sinHi= “

Hi
Substituting the values we get

I 4 x MTI90

fr«m ihe
= 29°

ft - ?. uta

HEAT AND THERMODYNAMICS1
/

sin0, = >-MI bariton:
Ileal is a form of energy and can he converted into oBft forms of energy. The branch of

,jrh deals with various phet^W^keneMytd related properties nf martyr *Hfyyj|lly
yformat ion of heat into of CTiergies. is known as ihcrmodvMintex
dynamics plays an important role in techgoJ6gy and science. In this chapter we will study
behaviour of gases and the principles governing the inter-conversion of heat into mechanical

1.6 x sin29°
“ i
= 1.6 x 0.484

sinG7, = 0.7744
01̂ = sin 1 (0.7744)

e', = 50.750°
or O', = 51°

dcs wl
s 1.6
sin0 i = 0.875
0t = sin 0 875
e,= 6 l°

as 0, =0,=6r
ibi D|= 1.

O:= 1.6. Describe the fundamental postulates of the kinetic theory of gases,
tic theory
For explanation of thermal behaviour of the gases kinetic theory was proposed having following

(for air )

( for corei
IllltOt]

< = ?• <

*.
*Ir*

, 1 J ~
ue volume ot gas contains large number of identical, point - like panicles called molecules,

average distance betw een any two molecules is very large as compared to their
gas molecules are in random motion and change their direction of the motion after every

sizes.
rue

W**iPns of the molecules among themselves and with the walls of container are perfectly
elastic.
Molecu|es do not exert forces of attraction on each other, except during collision.

I f • > ^kinetic theory of gases, prove the following relations: rBoard 200** > 11111«
11 mv' >p = 3 p < >

"ore of gas:
***̂ 5 m kinetic theory, the pressure exerted by the gas is due to transfer of momentum of the

to the walls of container per second per unit area due to the collisions

t Consider a cubical box; the length of the each edge of the box

-y number of molecules as shown m fig ( I ). The
> The molecules

liiii T *(U) p « < K .E >

» T. If contains
molecules in the box ire moving m random directions

are moving with different velncWev The velocities of motecuks can

be revived into their component* along tax*, yaxts and z-axn Let

of each mofecuie (4 the
mith > ekxrty * i a ccittnfrng with face

uf the vekxwy /, of the

<
• •

- -
t

in ?
mbethe
Lei one of the mokexile* moving

The component*
along i. y and i ne% retpectiscfy TheABCD of the tomumer

rrvAccvkc are **«,
jed * uH u

257<



l pique Notes Physics 1* Year

-.otecule will bounce back with same speed from face ABCD. The con,ponenls

Ae molecule after collision are -v„, -v„and-v„respectively.

x-axis = ravi,
x-axis = -m V|X

r Year
. .Motes Physics

:mvivs i.e- F, = F« - i
Initial momentum of molecule along

Final momentum of molecule along

Change in momentum = Final momentum- Initial momentum.

Change in momentum = -m vix - m vjx

Change in momentum = -2mv|X

Frequency of collision:
After collision the molecule move towards opposite face EFGH and collide with

molecule again rebounds and travel back towards the face ABCD. The molecule covers dis*“2T between two successive collisions with face ABCD. Thus the time At between twosuc ,̂
collisions w ith face ABCD is wrritten as

AAt = —

pressure Area

So Px =
(1)

Or Px =
m ( VuP

Multiply and
/ 2mN v lxPx = /

f> + <
(2) 1( j i3 = V = volume of gas K + js of themN = M =Wherev1x 222 vMVuThe number of collisions per second also called the frequency of collision, is given by: P, = 77

v1x of gas= d<Butf= 0) V21
2 \2Thus rale of change of the momentum of the molecule is given by

= -2mvu x —2(

vn*+
U + V2 xPx N

ies of the molecule along22 of squared velocitiesVnx+ V2x +Vlx = averageAnd2- mv N

f
» .

^
4

d 4

i

1x
( and represented by (y l )

••• Px = p( v x ) —average of the square of velocity ot the gas

<v2) = ( v 2
x > + < v 2

y > + < v' >
As the components of the velocity of the nu

Probable
< v 2 ) = < v 2 > = <^ >

X-axisThe rate of change ot momentum of the molecule is equal to the force ap
According to Newton’s third law of motion, force Fu exerted by the molecule
equal but opposite, so

(5)
on face # molecules is given by:

<is. and z-axis are equally

F1x = ltK]=
mV1x

Iccule along x-axis, v-axisI < / W
imiiarlv the force exerted by the other molecules with face ABCD

mv 2 x Hence
(v2) = < v2,> + ( v^ ) + < v « )

(v2) = 3 (v2 )

< V « ) = ' (6'
Substituting the value in eq (4)

F i x =

F*,x = F /3 t.

r n v^

{

F»x = /
Tfxal force on the w d BCD will

+ FV . - equal to
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The relation between pressure
The density of gas “ p" is given by

and average kinetic energy:

M
P = y

Putting value of p in equation < 71

P = 5 V
M = mN is the mass of gas

^ 1 mN
s° P = 3 v

Dividing and multiplying bv 2 on right hand side and rearranging
2 N 1 J

"3 y s mN

^ N\K here y are the number of molecules per unit volume = Nc

V\ here
to average K.E of the gas molecules.Hence, temperature of the gas is dire

p Deduce the Boyle's law and
Derivation of gas laws from kine

Boyle’s Law:
From kinetic theor^of

2 NJ
P = 3

PV =

w from kinetic theory of gases.<v2> 11111003
theory of g

p 1. ases1

>2 1 :
the right hand side ofr P = 3 Not2 mV^2as y N0 = Constant

K .E energy remains constant soIf we keep temperatu
iove equation is 'cons

average
slant. Hence,

=Con$tant
11P = constant / mv2) onstant x —or V=* jP <*< K . E >

P « 1
V

Thus pressure P is inversely proportional
fcraperature, which is Boyle’ s law.
2- Charles’ Law:

From kinetic theory of gases.
2 N / 1 2P =_— ( — m v"

I 3 V \ 2

— m v 2

orHence pressure of an ideal gas is proportional to average K . E ofthegasInterpretation of temperature:
According to kinetic theory of gasses

And according to ideal gas law
PV = nRT

mass of gas at constantto volume for given

(Board 2008)— 0 ) . I
i:

*
i < i

I -- i

D nRTor P = -y“

rhe gas constant per molecule known as Boltzman constant is written as
k= -5_

2NV = —( 2 ) or
3P \ 2

^Pressure is constant , then^is also constant
3PNA

V = Constant^mv 2.*. R = kNA
where NA = Avogadro numbersubstituting value of R in

o nNAkTP = y
the total number of molecules N
. p. NKEF - y

Comparing equation ( 1 ) and (2)NkT 2 N . 1 2v— = 3 V (2 mv )

41 2— mv
equation (2) we gel

*V oc f t2

I m v 2 ) <* TWhere Since ( -~ nNA
temperature provided

ional to absolute^ence jv£Tj
ŜUrThus V0,ume of given mass of gas is directly proportion

C ,s kept constant. This is known as Charles law.
(2)

2 '
i
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NotesPli>^csj
__ .̂y.4 Define the term "Internal energy”. Show that internal energy js a runct{

I f i d t?f i t o f Ilithfte
Internal energy:

7htf sum of all forms of molentlor energies (kincin <mJ

I'oirntml ) Iff ti MihMiitU r h known as biirnuil energy.
A iliulonm gun molecule Hint bod) irttnttlntuuwd and iotafion.il
energy !i aUo hun vibratory energy amounted due i » » KJ>IM;.* Id .
hotul fw iwerll llh 1(1 < HUH I his U dll' I.lmwil III I' jg ( 2 )

on of = internal energy at state a.

*1 During cyclic process the change in internal cner
The internal energy of an ideal gas ji

into work and h

\>
rk.-iirc tllWd with transfer pf

H I I I H j m WM applied lirst to the
inc\vhrch cn^vrits lieut into the work ,

ken. Ifpositive (|»anl!ties. Hence
i HH riiviroiimrnl is taken positive

II by the environment Is taken

Us
iiii,

renera
,, ESonal K.E of 11« modules,

L fk-ticrihr trurmlVr »1 nn-rgy

lh«rmii(lyim»ii<’ sysi «m.

r t c by a
1111101»

Work and heat:
We know that hoi 11 IK ; tl

rfrflty by some m
(iiimliiHlion ol sir,no t|
Until heat III and wot’l^r

ioik dune by die system ( }> } )u i

tilde work don

( 2 )
I upbuild loti I

In thi Hid) "I ftOd)nimU • I UUlttlly Ii i an ulral gn i , • , „l mr „1 , lin
molemles in ideal gas im nettled ns light point mtissos, which exeii no Itmrn ( MMinc .
I IM 11 b *ii mil nitil < ungy nt an Ideal gnN IN gnteially llu llanslalloiml I I liy Imriit
dir aveoip I, IIK lit mngy ol molenilr Is dim tlv piopoiliounl lo Irmpnalmc ( )n Mi|>plyin||«
‘,,nI'v ib* n »nr \ *» • o. luted will. Us alone, and mob . ides i . Im iriea d le In al is ninvertyl*
mi.mill i in ips Ii should he noted dial
bib imil fiirigv ol the system i an he bu rritsed
Ivamplctj

d W'
MS.

1
CCS I

die H

::W ,Mlime Wlllioul milling heal energy illln ( lie nyulnd on mflmwiml ol hem °Q" enters the system, Ii eiihersome
s an Im ien^in inicnml energy ol die system or is used up

wod by Ihe sysltflti on Us NIIIROUNDINGS.
Ip|>EMH as
PI lining

When two objects nibbed logellin Intel tut! energy im teases due lo eon
met h.mn a! energy into beat I be temperature ol the objects
Increase in internal energy.
\\ hen object slides

aiv ~=KC;:::r===-=Le“ V" mul exerts U presiurc "P" on walls of cylinder and pllton.
Prom definition of pressure

F* PA u A vLet the piston moves upward through small is*

me 4

4
on any smlace and comes lo test due n > Itidional

work dime b\ the NS stem is partially converted into internal energy
Internal energy as a state function:

I he internal

*
4

cncigN is a state tunction ol the system winchdepends upon nutial and linal slates v > l the system and docs not dependon tlu path oi ptwess W h e n the system undergoes a process in which
*o (FV.V*)

i ior the work done b> the system is
r. \

Us stale chances from tP4,\ ,1
rcganUcs-s ot the 4W = F.d

= I d Cos 0 where 0 = 0°
= I d Cos 0°
= Fd ( I )
Putting F = PA and d = Ay

W = PA Ay
But AAy = AY = Change in volume of gas.

W = PAV

as shown in the tig { } ).
* i system changes from

m internal energy is a l w a y s same and is
1 Cj as show n in diagram

internal energy is sim tr lc Jle
IS internal energy and

L processes (paths) by whichinitial to final state, the change
independent ot the paths C

*
! 4

p.
I • I
I

The v . + i
graMtational PE. So. tt is

c its absoluu value, which is

othe change
unpoctam ie

v.
i M

fig. (9l . Where AY = V;-Vj
\V= P( V 2 - V|)

Where.

L’b =r in encr¥ ?> at state h

i . A
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When gas expands V2 > V, then by equation ( 1 ) the work
done by the system will be positive. When gas is compressed V
< V then the work done on the system is negative.
Graphical representation of work:

The work done by gas on piston can also be calculated b\the area under the graph on PV-diagram as shown in fig.(5).

|Le Notes Physics T' Year

tells and to replace the old ones. We can apply the first law of the
organism of human body. The work “ W” done will n^

[,xiy. As a result body temperature will fall and is maj
(j.7 Discuss the applications of lsl law of thermody

Discuss the following processes and draw P- \
( j) Isothermal process

application of 1 1 law of thermodynamic^k Isothermal Process:
"The process during which the tern

aothermal process
For gaseous sys^^ir^^the«i process product of pressure and volume remainioostant i.e. t e ov e * aw is fuiiiUedv.’h'tna gas expands or compresses isothermally. If P-. V , arepressure and volume v. here as P2, V2 are final pressure and volume then

P| Y.“ P:V2

lynamics i.e. A U = Q- w to
,lse ,n Eternal energy of the

iat we eat.

It in
ig&d by

nam R
diai each I1I1 KW7fii) Adiabatic pQ-6 State and explain first la« of thermodynamics.1 Law of Thermodynamics:

-Statement :
la any process when heat energy Q” ls added to thelyj:?^ ^ »»*-one by 0«

-*> **T « -» s« -JJI
change mmtema!energy from LT. Z 7 ' ** added

Q = fU2 - Ui; + W’

of the system remainspera constant is known assystem, this \.
•energy appears asmsystem on its environment

, wsa energyFof an ideal gas depends upon the temperature therefore, during
e in internal energy will be zero i.e. AU = 0. By 1* law of thermodynamics
0 + W

to the system will
e system on environment.

Q = W 1
or Q

T his is mathematical f
conservation of energy.
Change in Internal F

= AU + W
0mi of first law of thermod ^ 1^ ^cnce ah the heat energy supplied during isothermal process is

ynamics which is in fact a form of the - 7" 777^"T'^7’ ,
ran

Uni ° nCdl ^ has to be supplied to the gas in order to produce
|

l^) l̂enrial change. Since transfer of heat from one place to another fI ^uire time hence to keep temperature of the gas constant, the
I QXpansion or compression must take place slowly. p.
I ""^^LEgprgsentation of isothermal process:

Graphically the process on PV-plane is represented by a curved
i . *ai0Wn as isotherm, this is shown in fig. (7)Ad'abatic Process:

* i
nergy:

Ration ( l ) can be wri f
written as

AU = Q ~ VVWhere AU = U2 - U * tu~
mtemal energy of thi’ systeJ^equa"^^ ^OWIDg 0ut °f 'he system in thefl' f 7^ in,f >Examples of First Law of th . Work'

( 1 ) Bicycle Pump rm°dynamics

h“ *» «a don.on th.|«
blocked n

P^ blocked outlet A ti
* 1,JiL* experiracnl as shown in fig - (6^ 11-- — *• »

in lerT>peraiure !' movcd i

. ‘is also another
*" organism „hc!lvy object.. they

I ^
V — *

thccWro fig. (7)
ihe^the system as heat minus

I ;
*

* .-
"T/re process, in which the system does not exchange heat energy i.e. no heat enters or leave

Astern, is known as adiabatic process".
In this case Q = O. By applying 1st law of thermodynamics we can write

the

rai$
O = AU + VV

or AU = -W

m , Thus, if ,he gas expands and does external work, it is done a. the cost of mtemal energy of its;°,eeu'es. Therefore the temperature of the gas falls. On the other hand if the gas ,s compressed

The adiabatic change occur when gas expands or is3(1j..L

I££S«“ m----- -—rise
lnWa, d ^ermometer shows a ^energy. ,

(2)
6pjg,

pies
example of
named

work. The X33 h.~gh — .— — *—Oxrm .rinn in the atmosphere.

Cl 1 ’ l ;? v eonservatias Metabolism,

requires

• The energy transforming Pr(Kt> „
Uman ^ings and animals when tht;) ^cntrSy which is needed for growth- nl‘ .

on

work

21
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ic heat capacity at constant pressure: “ Cp”

ie amount of heat required to raise the temperatiueof one^ble of a gas by one kelvin

^ping the pressure constant. Mathematically

CP =5T

II Qp = nCPAT
for one mole of a gas \

It should be noted th& S.I unit !̂ ^nole ’ K1

Ration of Cp- Cv = R\

Consider two cylinde
jc ideal gas. Let in on

r it is freely mov

NOl̂Notes Physics I* Year

During the adiahauc process
therefore temperature of the system will not remain

Imque
s there is change in internal

same Inenergy
this case:

PV sconstant
C,

^here T=c,
Graphical representation:

The adiabatic process on the PV plane is represented by the
cune which is steeper than the corresponding “ isotherm” . The curve
is known as adiabat.” and is shown in fig <8)

QJH Define molar specific heats of a gas. Also prove that Cp - C\ = k.
Show that difference between two specific heats of a gas is equal to molar gas constant

Molar specific heats of gas:
The amount of heat supplied to the substances having one kilogram mass is different tea

the> contains different number of molecules. But one mole of different substances contains*
number of molecules. Thus molar specific heat of a substance is defined as:

The heat required to raise the temperature of one mole of the substance through 1 K” .
In case of solids and liquids during transfer of heat the change in volume is negl#

Therefore the work done against external pressure during change of temperature is very small
The same can not be true for the gases which suffer variation of pressure as well as ()1U[T-

the rise in temperature. Therefore, it is customary to define molar specific heat of a gas in tv
Molar Specific Heat Capacity at Constant Volume (Cv): . •\faIt is an amount of heat required to raise the temperature of one mole
by keeping the volume constant. Mathematically it is written

. (91each containing one mole
iston is firmly fixed and in 2nd

the temperature of the gas is increased from T to T +

shdwn in fijOR
indei

e. In boi cases

The heat supplied a
MB' JWI v volume is written as:

Qv = nCvAT
n = 1 moleas

0)Qv = CVAT
’ t move.

The work done in this case will be zero, because piston doesn

as W = PAV
andAV = 0
/. W = 0

Using 1st Law of thermodynamics that is.
Qs = AU + W
Qv = AU + 0 = AU

AU = CvAT - (2)
is grealer than Qv, it is because

In 2nd case heal is supplied at constant pressure Qi

^ upWaid. The heat supplied to

i

4

kelvî lgas by onc

nAT
Therefore

For one mole of a gas
Qv = CvAT

According to 1 M law of thermodynamics
Qv = AU + W

As W = PAV
.*. Qv = AU + PAV

system is kept constant therefore AV = 0, HenceQv = AU
Therefore T1

Cv AT = AU

100 is freely movable and work is re9ul

*ease the temperature by AT Kelvin is r *

<

<
4

0 )
distance Ay

moves upward through aQP = CpAT
In this case work is done by the s> ste

ls given by:

as the piston

W = PAV
Using First law of thermodynamics i.e

QP = AU + W
Substituting the value of Qp and AU

CPAT = CvAT + PAV
Using general gas equation lor one

As volume of the

law ot thermodynamics gives:I
(2)
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-A heat englnC consists of hot reservoir which «

f heat and a cold reservoir which is also known as sink

working substance is needed which absorbs heat o
'

f £
converts some of " imo mechanical work W andLZf
energy Q2 is rejected to cold reservoir or sin^SSi

^uous supply of work the heat engine is made cyclicie ,h
„togsubstance is brought back to its initial stateIJSk

PAV = RAT
Substituting the value of PAV in eq. (3)

CPAT = CvAT + RAT

ple:
_

ce 0

dividing by AT
RAT

ATATAT
Cp = Cv + R

11111011lain second law of thennqdynamics.Cp - Cv - R
Cp = Cv + R
IC7-CV =R1

II state and exp

send law of Thermodynamics:

pI Law of thermodynamics tells us that heat energy can be converted into equivalent amount of

but it tells nothing about the conditions under'which this conversion takes place. Second law is

emed with the circumstances in which heat can be converted into work and direction of flow ofThis equation shows that Cp > Cv by an amount equal to universal gas constant R .

Q.9 Describe reversible and irreversible processes.

Reversible process: nation -
The process which can be retraced by reversing the controlling factors without pnfcJfJ Qr

. system js represented by a
change in the surrounding is known as reversible process. I , , . Q from [he soun;e at temperature Ti after doing

Explanation: ELreservoir a, temperature T, The worktng substance under
^^In the reverse process, the working substance passes through the same stages as in fc4 ^ ^aek ^ SyStem to its initial state. Theretore, the change in i

but thermal and mechanical effects at each stage are exactly reversed. It means '^g first law of thermodynamics i.e.
AQ = AU + W

Where AQ = Qi - Q:
• Q , -Q:= W •

In real heat engine of a motor car convert a part of lhe ^ne^_ me
and rest of the energy is rejected to the atmosphere, e p

ine converts 35 to 40% of total energy into

block diagram as shown in fig. 10. It absorb a
ine work W expels heat Q: to low

which

process
reversible process, if heat is absorbed in the direct process, it will be given out in reverse

equal amount ot "Similarly if work is done by the working substance in direct process, an
. Hence thermal and mechanical effects &

obtained from burning of fuel into

ine converts 25% and diesel
be done on working substance in reverse process
reversed.

vHTWmechanical work.Examples:
Slow expansion and compression of the gas.

2. Liquefaction and Evaporation.
Irreversible process:

ersin°A process which cannot be retraced in the backward direction by r°factors is known as irreversible process.
Explanation:

1.
fodKe,vin’sStatement1

taken f°
ê*v‘n‘‘l ‘s ^possible to devise a process which may convert

rwork‘
r°m 3 Sin^e reservoir entirely into work without leaving any chang

SyStem‘ lS il ,uslrated *n fig- (11).

Jty reservoir of heat, no matter how

perf°rrn any work. If this would have been true then enormous

fcon(J
and atniosphere could be made available to be converted into us

r^ itit
W l^enT,°dynamics two bodies at

pbotf
0 'V°r^' body at higher temperature is known as source

fel2 at lower temperature is known as sink to which heat is rejected.

“ The device

fane , is Carno1 engine? Describe the Construction, principle and

Usuaily the heat ' Comfer* heat ene , ^erive the expression for the efficiency of Carnot engine. Also state Carnot theorem.

developed on thp f.°meS ,r°m burning , Y*? mt° mech<tnical work is known‘iS hn8*ne and Carnot’s Theorem:
1,11,012

Push the lid s h o w i n g1 W h c n water js h,T.' ^ firsl hcal engine was a sicti" n ,840, Sadi Carnot proposed an ideal heat engine

' h0Wln8 ability ,o du W()rk"^in a vessel covered with a lid a*** 1 Se's He showed that efficiency of such engine is maximum

e in

it contains cannot be
amount of heat energy in

Fig. 11
much energy our

inn of ener^diaO°°
All sudden changes which involve frictional effects or dissipation

^irreversible. The energy dissipation may be the result of conduction, convectionExample: l . Work done against friction is an irreversible process.
2. A chemical explosion
3. All engines in practical life.Q.10 What is heat engine? What is itsHeat engine:

aretemperaturedifferent

working of Carnot

principle?
isothermal and adiabaticwhich involves

when it works in reversible cyclic



I iniflue Soles Phvsics 1* Year~ «̂0 two heat reservoir at Afferent temperature. Such heatfoetjona) losses and lossesof heat due toconduction.m Carnot s cycle using an .deal gas as a working substance isshown on PV diagram as shown in fig. (12). The Camot sconsists of a cylinder with non conducting walls.conducting base An ideal gas is enclosed in the cylinderworking substance.
Principle:

Notes Physics I Year

engine Using first law of thermodynamics.Piston and Q = AU + Was a Qi - Q2 = 0 + W
or W = Qj-Q2

The efficiency f) of the heat engine is defm
Like other cyclic heat engines Carnot'energv from the hot body and

remaining pan of energ\

s engine also take heat oconvert into work while theis rejected to the sink or cold body.

r} = Output
input

F'9.12Working:
The cyclic process in which thefour engine operates is know n as Camotn expansion (2) Adiabaticis show n in fig. ( 12).

Substituting value ofProcesses ( 1 ) Isothermal eq’s cycle. It ...

expansion (3) Isothermal
insists offoib

compress
Adiabatic compression. This
(1) Isothermal expansion:

This process is Ik(2) Adiabatic expansion: * & AB m ^% 02).
Cflfiiot*

The temperature of the gas falls from T 'nsalalor and §as 's allowed to expand funher (idiabum fig. (,2). fr°m T> T-’- This process is represented by the curve BOd(3) Isothermal compression:The engine is now placedcompression the temperature of hrejects heat enernv O , J he
f,g. (12).

Cnergy* «o the cold res
( 4) Adiabatic

W3 allowed reservoir at temperature!; iThe energy transfer
in 's ten isothermal expansion or compression

and sink.
comes out to he proportional toemperature of source

i -e.. Q, oc r,
Q, OC T.Where T, and T2 are the Kelvin *s temperature of HTR and LTR respectively

Ql _ T j
(4 )Ql “ T,

Lsin
;ed slo;

g ec,Ual ,on (4) and equation (3)at cold
£as increases.
erv°ir. This

, we get.reservoir. Gas is wiy. DllMtcompresse
n orc|er t0 keep the temperature consist

Process is represented by the curve CP** -(> •0 (5)
The effic-acy is usually taken in percentage, therefore.compression:The engine is fithe gas rises froDA as shown i

T»Percentage Efficiency = I - x 100nal|y placed on
i and the

Its:
system rfl|l,<U <)r 3n <J Sas 18 compressed slowly. The temp**

Urns t0 i,s initial state. This is represented V
m T2 to T

m 08 (12). * >

4

I From the above discussion it becomes
l00%.

and LTR.

|Efficiency of a Carnot engine is always _ ,emperature dtfferenc
' The efficiency of Carnot engine dependss upo

^^^0f working subs.ancThe efficiency of the engine is tndepen

be,wcen the same twoNo heal engine can be more
dt4 sole 1»«

ha.e *» — c“ All reversible engines operating
su^siance.

t|ie efficiency can on y e> «»< “%££*«*%£££«"»•“ le“
most practical cases th •

reservoir. All

Expression for efTicieIn Camot’its internal cnc
ncy:

s cycle thergy i.c..The network donon PV di

„sys,eni finallyAU = o
e ty- ;

lS n«> c
• fore tlierereturns to its initial state ther’

irea enc'°secyclic process is equal to the anet heat absorb Qin one cycle is given byr\ - Qr

ABCDA m the * W*la8ram. Thi;
Q = QI

2
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principle, construction and working of petrol engine.Q.13 I*e»crfbe tfeermodynamH scale of tempera

Thermodtnamk scale of temperature:

The temperature scale is established by choosing twlwJxf^^j

of material , which varies linearly with temperature The Carnot
provides us the basis to define a temperature scale which is

ture.
i Hoard 2/MRi l i l t I M S

Spark PlugEo«l»»:
The Petrol engine as shown in fig. (|4), j* a , .

engine consists of a combustion chamber in the fom.of a.fitted with a piston. The connecting rod ccnnec*£U,
w,th the crankshaft. At the top of combustion chf^T̂ I

namely inlet and exhaust valve are condprtJLrh.. ^
is also fitted at the top of the combt f̂ehar^

Erfouil V»v*and

s\prupeny

MWengine

independent of the ruiurc of the material used as thcrmometric substance.
taJves
\plug is

clic process of petrol engine consist oP.fe,r stroke
ses) named as:

\ l

Thu relation can be used to define a thermodynamic scale of

temperature. In this scale of temperature the absolute temperature 273.16K
is used ns one of the fixed point and absolute zero as the other. The unit of
thermodynamic scale is Kelvin.

f Intake stroke
Compression stroke

jjgnition or power stroke
' Exhaust stroke

* Crankshaft

1 Fig. 13 fig. (14)of the thermodynamicKelvin: One Kelvin is defined as
moves downward and

reted air rushes into the
273.16 During intak

inlet valves i :
chamber.

In compression strok
mixture is compressed adiabatically.

park plug glows and the mixture
and

temperature of the triple point of water. - -r aM*Moc*s-~w-
let valve is closed and the

Q.14 VNhat is meant of triple point?
Triple Point:

I!
In e power s

ch fire causing an increase in temperature
ssure. The hot gases push the piston downward and

rod to theIt is the slate at which ice, water and its vapours co-exists in equilibru
uniquely at one particular pressure and temperature. The experimental description
water is shown in fig ( 13).

aan*»luinItO
wer is delivered by die connecting

iple fig. (15)

• is»
n -pYto smooth running. The efficiency of petrol eng

reheat losses.IH Discuss diesel engine in detail.
Diesel

Consider a system which is passed through a Carnot’ s cycle in
heal from the source

j ) 4

r
at temperature F and reject heat Qj to the reservoir wl

pom.of water% Then the unknown temperature of the tc I m be found by «*
relation

, Board 2000)1iil**«*

‘ * «engine:
f .l6) the diesel isIn diesel engine ns shown in g

omPression. The‘Prayed into the cylinder at maxmiu ,ialc|y after* » at very high temperature
^npresMon the fuel mixture ignite* on

SL 1<J i T,
T’S »T.

nkaM
T « 273 16 *

Pmorwith air
f tft Of***
#

^ li 4urij)d hr ward dial nott # o, ' m \*>
VJ'A fa 1/ 4*.^ *vH***K * tu P9 f wi / f i t f tyg t' drxt.i t tc.
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e Motes Physics 1 Year Al#Q.17 What is entropy? Explain it.

Entropy: l^landtion:
it is observed that natural processes proceed tow^stamf
between entropy and molecular disorder. For e.xS ’ '"dis0rder- ,hus there

m hot to cold body, results in increase in dis
* P e- in i

fctiot and cold regions. This order is lost whea l

Entropy is a state function in thermodynamics and it was introduced bv R
1856 to give quantitative meanings to the second law of thermodynamics. It js .
pressure, volume, temperature and internal energy. Like other state functions^r^ Varia^entropy of the system and not its absolute value, which is important , when ^ ^ CH
reversible process. 10111 lln^Expression:

rreversible process heat flows
ause molecules are initially sorted out

s to thermal equilibrium. Addition of
ease in average molecular speed. Similarly, in
molecules have greater randomness of position

the system increases.

lation
i

system

Lt t0 the system increases disorder because 6

nee expansion of gas increases disorder ’

after expansion. In both examples

alaM(U9 Increase in entropy means degradation of energy.Discuss. 11111019

Whenever, the entropy of the system increases then available heat energy which can be

converted into work is lost. For example, there is an increase in entropy when hot and cold water are

mixed. The warm water which results cannot be separated into hot layer and cold layer. Although,

re is no loss of energy but some of the energy is no longer available for conversion into work.

a result of increase in entropy, the energy is degraded from a higher level where more
xtracted to lower level at which less or no useful work can be done,

vironmental crisis are related with entropy crisis.

iuse the
trojLet a system undergoes a reversible process in which it absorb AQ amount of heattemperature T. The change in entropy “ AS” is given by

AS = T̂
Where AS is positive when heat is absorbed by the system AS is negative when haremoved from the system. SI unit for entropy is JK"1. Like internal energy the change independs upon the initial and final states of the system.

Change in entropy during irreversible process:
Consider an irreversible process in which heat is transferred from hot to the coldthrough a metallic rod. Let the temperature of hot and cold bodies

amount of heat

Therefore, as
work can be e

11111020Q.20 How envi
The enviro

4
to order nature for our comfort and greed.ital crisis result from our attempt

en we drive a car, the atmosphere acts as cold reservoir, the heat rejected by the

[lie atmosphere. As a result, the temperature difference between the engine and

|Wiosphere decreases. Thus the efficiency of the engine decreases as the entropy

v ironment is thermally polluted due to conversion of heat energy into Mechanical Energy, which

Called environment crisis.
The increase in thermal pollution in the environment means increase in entropy

entropy creates the crisis of a better environment. We cannot avoid ourselves from the thermal

ull°n of air caused by the heat engines used for transportation. Thus the ecological balance is

SUrbed seriously even by the smaller changes in temperature which affect plants and animals,

law
W,lenever we want to do anything, it is very much necessary from the point of view of second

* 0f thermodynamics that upper limit of efficiency must be kept in mind. Only then we can

Cnt the degradation of life on our beautiful Earth.

Short Questions

carare T| and T2 K respectively. lj-^example,removed from the hot body is totally transferred to the cold body. The cl
entropy of the hot body AS| is given by:

gine goes t
increases. Thus the

AS - ^' T,
Change in entropy of the cold body AS2 is: . This increase

AS2 T2
Net change in entropy AS «

AS = AS, + AS2

T, + ~ * t
T2 fa a.A S =t 4 4

4 4
4 4

2 TAsT2 is less then T 1 i 1
of molecules moving in• e. T2 < T , to the number

direction. Therefore, the average

molecule will be zero. But the

ive velocity is also positive
of the square of

"•1Why is the average velocity
Molecules
S(iuar

. a > a..
Ti > T

AS > O
-> during all natural

opposite
velocity of the

of the negative
hence the average

of a gas zero but the average of
e °f velocities is not zero.1

4 4
fit* square

number
velocity will not be zero.

2 2
v;+ v? + ..

Therefore, the
system to another.
Q- 18 Explain second law nr «1

The second law of tlierm(^̂ namics in terms of entropy,

the e
hCn 3 System undergoes 1 n !" lCrmS of cnIroPy can also be defined ilS

.

“* -W«miLZCZgZi*•«! always ,„„„1 in.S***

\ iUU»2'(Board 2010) .
§ /er01^)s. Average velocity ol the nl0j^.^es 0f theAjVause the vector sum of the 1

m0tionÎccule will be zero due to
numberMolecules of gas. Statistic*' > * -s equal^Molecules moving i" onc tbrC

fl0*'sentropy increases where heatprocesses
+ vn

* 0A
i .e. <v:) = N

275
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1 IJ Wli does che pressure of a gas in a car
nrt Locmefae wfeea it is driven through

MM4
ruec through a certain

between road and

^.rc heat r > produced This heat will increase
the i . enge xm> *i:ona; K.E. of the gas

ohcutet tiKide the tyre. .As we know that P

* 2 Tr n̂ce the pressure will increase.

11J A system undergoes from state P,V, to
state P:\ . as shown in fig. What will be the
change in interna] energy ?

w> Notes Physics P Yearinitial state therefore,

internal energy
or AU = 0
1L5 Specific heat of a 2as , Sphere?
pressure is greater than * ** »*. No. l i IS not P°ss,ble 10 construcl a he
consurn volume, that will «<* «1*1 »'»Ans. Heat suppl.ed a, C!T? *“"» ffiosp" Since envumunen. act as.

, ^ constant pre^ ^0f a heat engine to which ag“ .e, ** supplied^ is ,o be rejected.
'

volume because heatmg consuoc, heat engine ipressure the work is also done by the s . - & expel heat to the envircin moving the piston in the upward dino, gainst the *aw ot ThTherefore the heat supplied to one mole of* U-9 A thermos flask cont
gas at constant pressure is greater than d*a astern is shaken rapidly. Does the
supplied at constant volume, i.e. temperature of milk rise?

there i

it possible to construct a heat
that will not expel heat into the

(Board 2010)

AS = —lli 15distance?
Ans- When car

tmifi:
T^inc \ v

A

11111028 that entropy of system willi A IA

icrease.

11.13 Give an example of a natural process
that involves an increase in entropy.

part ( Board 2009)

.Ans. We know that entropy can be measured
by following equation

AS =^
11111(03

ore
ich
willle:

T[yn,

The entropy increases when heat is added into
the system. When ice melts the heat is
absorbed from the surrounding therefore
entropy of the melted ice that is water
increases.
11.14 An adiabatic change is the one in
which?
(a ) No heat is added to or taken out of the

system.

(b) No change of temperature lakes place.

(c) Boyle's law is applicable.
(d) Pressure and Volume remain constant .

Ans. “ a” No heat is added to or taken out of
the system.

11.15 Which one of the following process is

irreversible?
(a) Slow compression of an elastic spring.

(b) Slow evaporation for a substance in a

isolated vessel.

(c) Slow compression of a gas.

( d ) A chemical explosion.

Ans. “ d” A chemical explosion.

11.16 An ideal reversible heat engine has
11111036

as a11111923

11111029

\ns. On shaking the thermos flask vigorously
k internal energy of the milk particles will
increase, hence, temperature of the milk will

Qp > Qv
CpAT > CVAT

or CP > Cv
11.6 Give an example of a process in wto , , ln
no heat is transferred to or from the si th

' ° Ha‘ haPPens t0 temperature of

but the temperature of Ihu svslem (to. "“ “ "“ T ” f
MW Zm" n"'ldle °f 'h'

Ans. Adiabatic process is the example An Th
. . . r Amt

ne temperature of the
process in which no heat is transferred ^ because air •„ ^

. ntm . e a,r conditioner will remove Q amount
from the system but the temperature * « heat from the room and by doing W amount
system changes In shaking the thermo of Work rejects Q + w back l0 the room
violently the temperature ol the milk erefore after each cycle the heat energy will
will increase although no heat is slippy added into the room which will increase its

removed from the system. The work^' ^Perature .

the system is converted into internal ' Can the mechanical energy be

i 1.7 Is it possible to convert intern^t o g * into heat energy? If,

into mechanical energy? Expl Jns when brakes are ,0 the car. The
sample. < »"a'd 2014' ^ Mnical energy of the car is used up in
A” ' . Yes, it is possible to co ^ ng work against friction which is converted
energy into mechanical ener ' j, * ^

lri% in to heat energy,

expansion of a gas. When gas e%

^ (t'fl ^ ^ H°es entropy of a system increase or

work is done by the system a > & A due 1« friction? (Board 2014) IIIIMM

internal energy . Therefore.^ ConJ ,n work is done a8ainst friction ‘‘ “
converted into work . % the

m,° hcaI cner^ wh,ch “ ***
I Uli

n tystem. 'rhereforc. AO « positive by

J ,n« relation

p• nie. Ill110.34

4

(Board 2009) in 11030

room increases
V *

(cm)’ V.
Ans.
There is no change in i
the temperature remains constant. It is anisothermal process and during an isothermalprocess AU = 0
11.4 Variation of volume by pressure Is givenin fig. A gas is taken along the paths ARCDA,ABCA and A to A what will be the cha. ge intoUrnaJ e«T»?

iimtru
1

11111(135internal energy because I *

I

(a) 100% efficiency .

(b) Highest efficiency.

(c ) An efficiency

nature of working substance.

( d ) None of these .

Ans.(b) Highest possible efficiency

?! 1 which depends on the 4PJr.i
P

'C
• — *4 Am. AH

beotu
prow:***

in each
reprevemed in I

ca*c
arc

277*



1
1

Motes Physics 1 M YearfiUnique Notes Physics 1 " Year

k*3nip The turbine in a steam power plan, tek„sleani ^S t s i n» * — K” *” rescr ir >•77”C- Wb»t h the marimnn, possible ,rrciene,7

le 4:V

Solved Examples ,jiau
11111040

Solution-*
Uaximum

What is the average translational Kinetic energy 0fExample 1:
temperature 27C°?

efficiency for any engine operating betwi
T, - T2

mo|ecules in temi ire T|and T2 isaga$ 111I,Hd37 Tl =Solution: Ti
T4<ke > T, = 427 + 273 = 700 K

T2 = 77 + 273 = 350 K
700 K - 350 K _ 350 K _

“ 700 K T

WhereUsing Eq.

And3kTOr < K . E. > = “

2 = 0.5n = 700 Kso
Where T = 27 + 273 = 300 K

k = 1.38 x 1023 JK 1

3< K.E. > = j x 1.38 x 10'2 ’ JK 1 x 300 K

= 6.21 x I O'21 J

Example 2: Find the average speed of oxygen molecule iSolution: Under standard conditions
Temperature
From Eq.

r\ = 50%or

tropy change when 1.0 kg ice at 0°C melts into water at 0°C.
3.36 x 105 J kg !.

Example 5: Calculate th
Latent heat of fusion of ice i
Solution:

so
11111041

m = 1 kg
T = 0°C = 273 K

L( = 3.36 x 10s J kg

AS = 4p
m the air at S.T.P. minus

- i
T = 0°C = 273 K

W lT _ _2. 1T ~ 3k < 2
„ A 3kT

m
Using Avogadro’s number NA

m _ Hjojgcular mass

Substituting the values of k, T
< v2 > = JK 1

where AQ = mLfn mv:> I
mLfAS = — <or

U1.00 kg x 3.36 x 10s J kg'1

273 K
AS = 1.23 x 103 J K"1

^us entropy increases as it changes to water. The increase in entropy in this case is a measure of

Crease in the disorder of water molecules that change from solid to liquid state.

AS =6.022 x 10 , the mass m of one molecule of oxygen is
32 g 32 kg

6.022 x 1023 6.022 x 1026
i >

and m, we get

Numericals3Lil3 K x 6.027 * IO26
32 kg = 212693m2s‘2I or < v > = 4 6 1 m s j, ,

A . J r, • , a ‘ Estimate the average speed of nitrogen

Prexsuretn'heTlT ^ fitted w i t h a piston of cross-sectional *< ofWe^« in air undt.r standard conditions
«* Pushed „p through Nm ’ When heat is slowly

The wo*^by^^
rnal e“ Cr^0f the *ystem?

~ FAAy krjfvj KJ y

T = — <-mv 2 >
3k 2Example 3:

m\ The 1 1
X 1 4

II 111042

6 02 x 1025 molecules of Nj have mass — 28gT = 0°C + 273 = 273K
k = 1 . 3 8 x 1 0 23 J/K
Molecular Weight of N2 = 28

^ mean square velocity, v*=
know thal

428
5? Sm = 6.02 x 10

4.64 x 10 “ kg^ = PAV Ill =

'4 Ox 102 m^ chan w internal
AU rj

279'tnerny is f„u
*4 2 i - 3 2 j

’ 1 ,rom first I
" 10 J " I thermodynamics.aw

2?
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3 x 1.38 x IQ 2' K273
4.64 x 1026

I; . Motes Physics i YearW = -100 J
/. V2 = ?
Solution:
We know that

W = PAV
W = P(V2 - V,)
-100 = 1.25 X 105 (V2 - 2V2)-100 = -1.25 x 105 V2

Vmu = solution:
kn°wVn» - 493 ms 1

11.2 Show that ratio of the root mean
square speeds of molecules of two different
gases at a certain temperature is equal to
the square root of the inverse ratio of their
masses.
Solution:

that

*•(< -£) T2 Jx 100 xT,
SinceH|| 100400 ,

inn1 * 500 > 0 (1)

T|’ 746 * T' = 100
'500 - 400

746T, - 546T,11111043 x 100500 = 100100 746V2 = 100As the temperature is same, therefore, average
irmsiaijofia! K E. of the gas molecule will be

1.25 x 105 = 500 x 100 200T = 1007461 V2 = 8 x 10 4 m3

11.4 A thermodynamic system aodenuproem in which its internal «Jdecreases by 3O0J. If at the same teg
of work Is done on the system, findthia
lost hv the system.
Data:

n = 20%equal 746T|"200 x 100
= <3m2v2 > V.

11 = 07 x 100

Q, =-xl

T, = 373 K
v,4? or T, = lOtf’C

Putting Ti inf!) we getor -r-~/,2
20 x

= 50,000 J

Q; = 5 / I 0; J

m. 373 - T2 = 100V mm Qi = ~

/. T2 = 373- 100
/v* r~

v<*f> •"
AU = -300 J
W = -120 J
Q = ?

Solution:
We know that

Q = AU + W ) U |
= -300 - 120

= V,-lli A Gamut engine utilise & :
The source temperature is 22

^ ,
sink temperature is 127 C-
efficiency of the engine. Als°
input f rom the source and
the sink when 10000J of **

( Board 2010'

T? = 273 K or 0°Cor
11.7 A mechanical engineer develops an
engine, working between 32TC and 27*C
and claim to have an efficiency of 52%.
Does he claim correctly? Explain.

W = Q, - Q2
Q2 = QI - W

= 5 x 104 - 10,000
T*kiff square root of both sides f*e get IIUIMB

vVrm»
V2 |

Therefore the ratio of the nm speeds of thegas molecules of two different gases is equalto the inverse ratio of the square root of theirmasses
11-3 A

l Q2 = 4 x l04 r i
1U> A reversible engine works between two
temperatures whose difference is 106 C.
‘1absorbs 746J of heat from the source and
rejects 546J to the sink, calculate the
temperature of the source and the sink.
Data:

Data:
T. = 327'C = 327 + 273 = 600 K
T:= 27°C = 27 + 273 = 300 K

n = ?
Solution:
We know that

i *find 1* n -R)sample of gas is compressed tohalf of its initial volume at constantprasurt of 1.25 x 10Nm \ During thecumpreasions. 100 J of work is dor tgas.Determine the final volume of

x 100111110471itfPone Q, = 746 J
Qi = 547 J
(TI -T2) = AT = 100
T,=?
T2 =?

Elution:
know that:
& T,

xl00
tfJl*

on tb )600 - 300( x 100Data.
T, = 227cC = 227 + 273 =^K

p7 + 273s^
Data: 600

1xx the inmal volume = V
Final Volume V2

/. Vi = 2V2
P = 1.25 x 10s N/m2

HIUMI
v/T2 = 12TC =

W = 10000 J
T) = 7
Oi = ?
02 = ?

the efficiency is 52 isthatHis claim,

incorrect.
I

i
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T, - 280 ^ Notes100 J of work

400J of heat
;r. What is the

0.5 = T = 0dCk 0 + 273 = 273 K
11.8 A heat engine performs

time rejects
T,

0.5 T| = T - 280
280 = Ti - 0.5 T
280 = 0.5 T,

and at the same
the coki rerun.>if

SSL.-*.-**
that Solution:

i x 100 iw that
-mLf

( 300 \
([ - { }' 450 )

280Data: x 100 V30 x 3A6
\\ = -10080 J
N^wive sign shows that for freezing water

into ice heat is to be removed.

c *3
As AS = j

T, = 0.5W = 100 J
Q- = 400 J )450 - 300Ti = 560 K

When Hz = 70%
I Suppose in this case

source is therefore
( To
1-^- x 100

( , 280
70 = 1- r

x 100
450

s 33%
W lgthe temperature required to

336J of energy„(fC. What Ls the cbang

t (TC as it is th

•Ac t.o>r* thas
A =0 - Qz
m = Q; 400
VKJ* )W = Q
o vi . J

'Sr itrop;
>10080

AS = 273

AS g "36.8 i/K ,

of water a
#i ) 11111052

by a refrigerator?^2' TU
*-30 g

/ HXJ/f
/ ; 7i Lr = 3' s

V i ;
<A '•*f.0 - eI <. s- ( T -2M )

1 V
70

too 100s =
/ 7) 1n * 500 v

0.7 T7, = Tj - 280

280 =1, -0.7T,

280 = 0.3

»
TJ « 20%

,

whose lowIL& A carm*
reservoir is at TC ha* antemperature

efficiency of 50% . It is desired to increase
the efficiency to 70%. By bow many degrees

I
280the temperature of the source be increased?
03fXrta: IIIIIM#

933.3 K t 'f
s»n » 50%

AT 1 4t- 4n* * 7o% i
= 033.3 - 560Tj = T'C; = 7 + 273 = 280 K

AT = ? AT = 373 K or
11.10 A steam engine .
operates at 450K. The heat ch ^steam, which drives tht P ris^ [ j
temperature of Che «< <* i*
What Ls the maximum e* i"
engine?
Data:

Solutkm:
1

when Hi
_

50%

x UK )n >

28050 = 1 - ~=rx 10011
50 T , - 280

T , = 450 K
T2 = 3(K ) K
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