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molecule will bounce back with same spee
the molecule after collision are -Vix. -vyy and —v, respectively

Initial momentum Of molecule along x-axis = m Vi,

Final momentum of molecule along X-axis = -M Vi Pressure = A o
Change in momentum = Final momentum — Initial momentum. F
Change in momentum = -M ViX - M VX So Px= 2
Change 1n momentum = ST e T O (1) ( mvZ v mve.
Freqnmcyofcollision: Or P. :—F—q—- —-fj-'— + :_. to A
| After collision the molecule move towards opposite face EFGH and colfige v m . ) : 2
“ Wl o P, = T (V,, ¥V T --.48 w.... . + ‘»'nxj

molecule again rebounds and travel back towards the face ABCD. The molecule coy
S LTS fjij‘,_-:..

“1" between two successive collisions with face ABCD. Thus the time A\t between t Multiply and dilide the Fightdi#ind sidg by N.
[ . 1“0 \{JL*L - - » \

=

collisions with face ABCD 1s written as | mN (v, + ¥+ 7 4
21 i N |
At=—— . ieiinennn.. (2) ‘ .
Vix Where mN = M = mass of the gaggand £ ? =V = volume of gas
The number of collisions per second also called the frequency of collision, is given by M V;, By, Lo =
PEY < | »
_ Vix .
f_g T (apey ey (3) "Bul %— =p = density of gas
| | *
| Thus rate of change of the momentum of the molecule is given by ! W, 7 2
I A -
= 2mv), X X i -—p( N
2/ 4
—-mvf ind (Vi + Vi e Vs 1: average of squared velocities of the molecule along
- X \ N
The rate- f ' 2 P
Accordin t:)a l:[-uf change of momentum of the molecule is equal to the force applied by M= ¢ represented by <V"> 4‘
- ewton’s thi - \jC =3 |
butg ‘ on s thlfd lﬂw Of I'['l{:lt](}l'l‘Ir f[)['ce le exened b}; [_he []‘[()le.CU]e on face AE“ P“ = p(VE) ----------------- (3) . ic oiven by '
equal but opposite, so The average of the square of velocity of the gas molecules 1S given by: [ ]
. . 2
- 2 (\"):{V‘?)-f{v'}-i-(\fz) : : e r % 4
Y ) mv : Y : d z-axis are equally E
= 1 * - x-ax1s, y-axis, and 2 ’
" f =r ;gh .......... (4) As the components of the velocity of the molecule along X-4X: 2 » :
other molecules with face ABCD ; 2y _ (y2) =(V2) '
"sz ’ (V x ) <V v ) '
le - ‘ H
. f ence 2
2 (V2 = (v2) + (V) +{Vx)
h A Rt (V) =3(v3)
1
{Vi) — -é—(\fz }-""'“'""'ﬂ‘ (6} .

Substituting the value in eg. (%)
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The relation between pressure and average Kinetic energy:
The density of gas “p" is given by
M
P=y
Putting value of p in equation (7)
| M
& N V)

Where M = mN is the mass ol gas
I mN
., _ 1 miN o,
50 P e 3 ‘r ".\ ;’
Dividing and multiplying by 2 on right hand side and rearranging
L 2N,
A, | 2y
s KA ek

N
Where 37 are the number of molecules per unit volume = N

P g N fl ,: !
2

as 3*0=C011‘§131]I
]

P = constant x {'2' mvz,',-
r__ |
= Pe=<K.E>
: J Hmt‘;; m:eu; of an tl;:-i:?l gas 1 proportional to average K.E of the gas moletules.
According to kinetic theory of gasses
| 2N I,
FSs v o) —— (1)
And according to ideal gas law
PV = nRT
o, _ORT
N e (2)
The gas constant per mﬂlcc;le known as Boltzman constant 18 wrilten as
= '_q_;
- R."'—".kN* r
when_:_ ‘ Na = Avogadro number
substituting valuc of R in equation (2) we get

P=m$k—7

. : : m— ules N = nN A
B TV T - (2
. Comlnanng €quation (1) and (2) %

NKT 2N
v =3v(.2.m\;>

| |

|  Where = constan

Hence, temperaturc of the gas 1s dirégiix proportiSgal to ay erage K.E of the gas molecules.

0 Deduce the Bovle’s law and Charles’ Lawirom Kinetic theory of gases. 11111003
Deriv
| Boyle’s Law:

From kinetic theory9fgases

ation of gas laws from kinghic theory of gasses:

PV =5 (5 mv’;

» y BTG L s e e v -y the nieht hand side ol
I we keepdemperature constant, average K.E energy remains constant so the night ha

ove equation igleonstant. Hence, 4
PV =(Constant
: 1
or P=."onstant x Y >
; 1
Or ¥ oc —
v . et
: ~ - yas at constant
Thus pressure P is inversely proportional 1o volume for given mass of ga *
Siperature, which is Boyle’s law.
%  Charles’ lLaw: (Board 2008) .
From kinetic theory of gases.
1 L\
o p N‘/ mv.-f/
3 V .Illl'l. 2 ! ' =
' 2N / 1 | '*
R V= mv? )
3PN ;
! precerir - 2N . , g
Pressure is constant, then — is also constant
P S N S
3
1 2 " __'
V=Constant —2-mv & 4

Since <-;-mv2> o< T

Hence Ve T : pcﬂiﬁnal {0 absolut

. ThUS volume of given Mass of
“SUre is kept constant. This is known &
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MWW" Show that internal energy is 4 function . Notcs Physics 1 Year
“r lu | ternal energy at state
ﬂ Hq ‘.’ lf]it l“ = }' slale 4. =

1™ B 1 ess the change in internal eners
Iy During Ly;,[u, Proc ICTEY

-11 MMW @mm‘ﬂuhf energies (kinetic and b The internal energy of an ideal mjﬁn%utcm y -ln:'

- ” | ﬁ;qua#Wimﬂlmﬂﬂy ( < Jegelational K1 o its molecules uﬁ |
| and h Caléy

T l.,',.r | CCERRIYS | |
'-.,_ lecule has both translational and rotational CEEhY Bt pescribe transfer of energy inm wmsh | late the work done by a

'- vibratory energy associated due to spring like < () | I } LE111008

! dynamic system,
e gt mhﬂﬂl’lﬂ\\m infig, (2), _ hermody L
H “ g, (2) Bork and heat: ¢

We know llml Imlll hent, ﬂ,ﬂtl wryw inre nﬂ@wl with transter ol

oy Imu we I.Iil.mlly consider an idenl N 08 o Wnlklup *illhﬁlul; gy by ROTTIE w‘llln ”’ll*; {ldf .lpplnql first o the

3 I heat into the work.
Hm Il “ﬂht point masses, which exert no forces on one ¢ ptruction ol stearm qugllu w {h C i he ;
| . il hent i and wib ‘mlt‘} |um|lwt 1|uunlllu,n Hence

- a- i l : |
_ | gaw In generally the translutional K1, By kinetic heory ol Yon by the lstem (31 b s environment is taken positive

By molecule s directly proportional (o temperature, On supplying il work donco®u (he sydEm by the environment s faken

on _L " -.,fﬁf Mkﬂ Moms and molecules is increaned e heat s converdabmivea .
AL Rhould be d that some time without mldlng henl energy into the NyAlEm ~ When i ‘2"','._ nl Iwnl " enters the system, it either

._f-'...l-_-_y-_'f-_ m. RN Wain internal energy of the system or I used up
» | | O gl

ik bydthe systemn on iy surroundings.

fig (4)

. 1 a
e 'Mm imlmal enerpy illL’*l‘(‘llHt‘H due to con q L.
L energy nto heat, | —— is fitted with freely movable piston, Lot the cross

| , - | der u gas unulmod in a cylinder, which oN
' ' P ':-'%.‘ﬁ-* aren of the piston fs “A™ as shown in figure (4n), The system is in oq hepi md i

$ Lo rest due tt’lcllunul cos e MESBRIMe “V* and exerts o pressure “P" on walls of cylinder and piston.
| mw lntemnl en . | ,F.Nm definition of pressure "
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alld to replace the old ones. We can apply the first law of the
:"i? | . : | L0R C%'M ,' gamsm of human body. The work “W’* done wﬂl It |
can also be - ; oy Asaresull body tiemperature will fall and 1S mai
am as shown in fig.(5 l 07 » Discuss the applications of 1* Jaw of thermo@ynam
| | ~ Discuss the following processes and dr 'P=V diacrar
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lication of 1” law of thermodynamics®
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Denpz the adiabatic
ENETZY . therefore temperature Of |

PV

| —

lllll

constant

C,

=,
Graphical representation:
The adiabatic process on the PV plane 1s represented by the
curve which is steeper than the corresponding “isotherm . The curve
1 known a3 “adiabat.” and is shown n fig (%)
08 Define molar specific heats of a gas. Also prove that C, - C, = R. OR
Show that difference between two specific heats of a gas is equal to molar gas cunsta.r;;,‘
Molar specific heats of gas: |
The amount of heat supplied to the substances having one ki
they contains different number of molecules. But one mole of different substances contains s
number of molecules. Thus molar specific heat of a substance 1s defined as:
“Ihe heat requared 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 negigs
Therefore the work done against external pressure during change of temperature 15.very small

o

Where

ogram mass 15 different beca

o ”18' same can not be true for the gases which suffer variation of pressure as well 8 volume ¥
Fise in temperature, Therefore, it is customary to define molar specific heat of a gas 10 w0 98

: Molar Specific Heat Capacity at Constant Volume (Cy):

; g It IS an amount of heat required to raise the temperature of one mole of a gas by 91¢
keeping the volume constant. Mathematically it is written as:

_Qv
Co=—rr

kelvin
|

Therefore

B ideal gas. Let in ongf®f the'eylinder the

ader it is freely movable. In

.n IS freely movable and work 18 required 1o pus

|

'ls Bi\fﬁn by

avation of Cp, — C.

Consider two cylinderSids, shoWiin 1245) each containing one mole

-
E

e

piston is firmly fixed and In 4nd

hoth the cases the temperature of the gas 1s increased from T to T +

The heat’supplied at constant volume 1s written as:
as/ n= | mole

Qu=>0Cy Al

_-—-_.._-_-._-_...-—

The work done in this case will be zero, because piston doesn’t move.

as W =PAV

andAV =0

W =0
Using 1™ Law of thermodynamics that 1s:
Q.=AU+ W

Q, =AU +0=AU
. AU = CyvAT
In 2" case heat is supplied at const

(2)
ant pressure Qp which 18
h the piston up

- - o

greater than Qv, it is because
ward. The heal supplied 1o

45¢ the temperature by AT Kelvin is given bY
~ Qp=CpAT
In this case work is done by

moves upward through a distance Ay

the system as the piston

W = PAV
Using first law of thermodynamics 1.€

Qp = AU + %
S'—'bslituting the value of Qp and AU
CPAT = CvﬁT b Pﬁv

-
'_,_--n—-l-'- -
-



i ———— —

Unique Notes Physics 1° Year T

PAV = RAT

Substituting the value of PAV in eq. (3)
CoAT = CyAT + RAT
dividing by AT
CpAT CyAl . RAT
AT AT AT
Cp= Cv+ R
C,-Cy=R
Cp = Cv + R
Cr-Cv=R
This equation shows that Cp > Cy by an amount equal to universal gas constant R.
Q.9 Describe reversible and irreversible processes.
Reversible process: |

The process which can be retraced by reversing the controlling factors without produ

change in the surrounding is known as reversible process.
Explanation:

In the reverse process, the working substance passes through the same Stages s in the

Lcerned with the circumstanges imwhich hea

&
4 e ,.-"
i)
-‘-_.
TS
=5
i %

LG
),
Nopan®

— g =
= - i —_ —

A heat engine ~onsists of hot reservoir which 18 3
heatl and a cold 1es¢ rvoir which 18 also Known as sink.
L {l

f King substance 18 needed which absorbs heat Q; from
YOI el g , . . .
i verts some Of 11 into mechanical work W and jgshe!

..;s,wn S | IR
Q, is rejected to cold: reservoir or Sink For'd

L peat energy

4finuous supply of work e
0 substance 1S brought back to its initial statg repeatediy.

c the heat engine is made gy@ligy €., the

1| State and explain second law of thermod ynamiics. 1111013
(|

tond law of Thermodynamics:
«t Law of thermodynami€s tells us b
& but it tells nothing about'the condifi

at héat energy can be converted 1nto equivalent amount of
$c undesWhich this conversion takes place. Second law 18
«@an be converted into work and direction of flow of

-1
fplanation: *
The engine or.the syst€m,1s repfesented by a block diagram as shown in fig 10. It absorb a

- - ’ - 3§ - “u
tity of heat/Q), framithe Soures al temperature T, alter doing work W expels heat Q to lo

' ‘tanc . >yeli ss which
merature reservoirat temperature To. The working substance under goes d cyclic process wh

glly bring t < initi -hange 1n 1 oy AU is zero.
illy bring back the system o 11s nitial state. Therefore, the change in intenal energy A

rocess but thermal ar i ~ ‘ actlv reverss ans thal (s~ 2 i

reversible process, if heat is absorbed in the direct process, it will be given out I FEVerEE
amount of ¥

Similarly if work 1s done by the working substance in direct process, an equal

be done on working substance in reverse process. Hence thermal and mechanical,effecisass

reversed.

Examples:
I.  Slow expansion and compression of the gas.
2. Liquefaction and Evaporation.

Irreversible process:

f A process which cannot be retraced in the backward direction by reversiic
actors 1s known as irreversible process.

Explanation:
rgy -

erg

All s i ; jon of
sudden changes which involve frictional effects or dissipation of ¢ i

irreversible. The energy dissi

E!Hmple: l. y be the result of econduction, con

Work : Ta
iy done agamst friction is an irreversible process.
- Achemical explosion.

3. All engines in practical life,

Heat engine: gine? What is its principle?

ol oo 5 -Whéa: T | ShE : AT
. push thé lid showing ability 1o dﬁw::rll'(m boiled in a vessel covered with @ lid ¢

the = Pt laken from a single reservoir entirely into wor

g - i
. % Derive the expression for the €

ich convert a
converts hear o : o wii
e eat energy into mechanical work is K eﬂﬂ‘f

AQ=AU+W
| Wihere AQ=Q;—Q:z
. Q=W burning of fuel into

art of the energy obtained from

The petrol engine converts 25% and diesel

In real heat engine of a motor car convertap
Wk and rest of the energy is rejected to the atmosphere.
RiNe converts 35 to 40% of total energy mnto mechanical work.

Td Kelvin’s Statement: |
®ording to Lord Kelvin, it is impossible 10 devl

se a process which may convert

k without leaving any change 1n

\ '*‘;Orkjng system. This is illustrated in fig. (11).
210 anaﬁﬁl’l‘ |
. ' ns cannot be Fia. 11

A single reservoir of heat, no matter how much energy 1t contal S T ene?gy G
A PF:rfﬁm] any work. If this would have been true

s and atmosphere could be made available to s
" l?d law of thermodynamics two bodies at c!lfferent tzr:[;e}urcc i
Mo work. The body at higher [emperafure ¥ l‘ngj‘.;:nhc-:-at is rejected.
Y at lower temperature is KnOWH as sink (0 whit

: ¢ruction, principle
2 What is Carnot engine” Describe the Cons Also state Carnot theorem.
fTicienc

ine.
y of Carnot €5 (1111012

then enormous

re are essential for co
hich the heat is taken and

ne which involves 150

ot : ) em. :
Engine and Carnot’s Theor ideal heat engl .
am when 1t works

‘ In 1840, Sadi Camot proPose( h engine is maxim
8868, He showed that efficiency of suc

nversion of

and working of Carnot

thermal and adiabatc
in reversible cyclic

2!59———'

:
\ 2

4

7
1827
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Vs ve the principle, construction and working of petrol engiff (Bord 2008) 17111819
L | e> | ,

L, ¢ acine: _— Spark Plug

The Petrol engine ds shown 1n 1ig. (14), 15 a practical <7
combustion chamber i the form ol Vaive

©

Ity

L;:'-'ﬁ-.' enmerature scale is established by choosing two fixed poiny,

peta . and Using » R sggine consists of 2 -~ | ;
which vanies linearly with temperature. The Camot’y G " Gied with a piston. The connecting rod conneci

bratt, with the erankshaft. At the top of L‘(meuumnﬁch ber

B ives namely inlet and exhaust valve are congeeiegs
‘  plug s also fitted at the top of the U(}mbwb] cha
B clic process of petrol engine consist ofd

L I
| _
L [}
- "

iion can be used 1o define a thermodynamic scale of

. SEe “-: 'a ) named ds. A ';‘_:i:: 1"1.
e. In this scale of temperature the absolute tempcraturc 273.10K ke stroke & .
ne of the | . Compression stroke - W 4

gnition Or power stroke h
Exhaust stroke PR

of the fixed point and absolute zero as the other. The unit of

.- | 1 | s
efined a8 ——— of the thermodynamic
© " 27376 i

B —— g
L3
' .
- 1 al ||
& ] .

-
i

-

= N
—

its vapours co-exists in equilibritim®
| i : . "
\d lemperature. The experimental description G5

¥ On 'xhaust stroke outlet valve is opened and the hot

gases are expelled and piston moves im‘:vard. N

Most of the motor bikes have one cylinder engine b

' On same haft as shown in fig. (15)... The qhnd?ﬁn
 smoath funning. The efficiency of petrol engine ranges f
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Q.17 What is entropy? Explain it.

Entropy: |
Entropy is a state function in thermodynamics and it was introdyceg 0y R

1856 to give quantitative meanings (o the second law of thermodynamics | IS anoth

. i - >- LIS angf
pressure, volume, temperature and internal energy. Like other state functiong
entropy of the system and not its absolute value, which is important. w

reversible process.
Expression:

Let a system undergoes a reversible process in which it absorb AQ
temperature T. The change in entropy “AS™ is given by

_4Q
AS ==

Where AS is positive when heat is absorbed by the system
removed from the system. SI unit for entropy is JK™'. Like intern
depends upon the initial and final states of the system.

Change in entropy during irreversible process:

CO . . . L . . ~
nsider an irreversible process in which heat is transferred from hot to the cold

fhrough 4 metallic rod. Let the lemperature of hot and cold bodies are T, and T, K respective
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The increase in thermal pollution 1
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