PHYSOL EXAMINATION SERIES

CHAPTER 12 & 13
SUNDAY 22-08-2021 @ 7.00pm

PES09 TIME: 1 HOUR
MAXIMUM SCORE:30
ANSWER KEY
1 Volume 1
2 Adiabatic 1
3 PV=nRT 1
4  decrease 1
5 During its expansion, the gas does work against high pressure. This decreases the internal energy and
hence the temperature of the gas. 2
6 Ty, -T.
1~ 12 373-273
Efficiency M= —% =—p’—
d T 373 )
n = 0.268
n = 26.8%
7 Consider an ideal gas undergoes a change in its state isothermally from Volume V to V, 2
f; 't URT ‘Cdv
Work done, W = f PdV = f B gy - [,lRTJ. —
Vl Vl V Vl V
v, v,
or W= pRTIn[V) = pRT|InV,~InV,| = pRT In >
1
8 Yes, it is possible to increase the temperature of a gas without adding heat to it, during
adiabatic compression the temperature of a gas increases while no heat is given to it.
For an adiabatic compression, no heat is given or taken out in adiabatic process.
Therefore, AQ =0
According to the first law of thermodynamics,
AQ=AU+AW 2
AU = -AW ( AQ =0)
In compression work is done on the gas, i.e. work done is negative. Therefore, AU =
Positive
Hence, internal energy of the gas increases due to which its temperature increases.
9 No, as heat must be exhausted by the engine (hot reservoir) to the atmosphere (cold
reservoir). Hence, thermal pollution will always take place. According to second law of
thermodynamics, whole of heat can never be converted into work. As such, some part of 3
heat which is not converted into work, will be exhausted into the atmosphere, thereby
causing thermal pollution.
10 Raising the temperature of the gas increases the kinetic energies of its molecules and as a
result of that their speeds increase. The increased speeds of the particles not only means that 3

they have larger momenta, but they also hit the walls more frequently.
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(a) Hydrogen.

As 2g of H2 contains N, molecules,

1 kg of H2 contains (Na/2) x 1000 = 500 N, molecules where N, is the Avogadro's number.
In case of N2, 28g of N2 contains N, molecules,

therefore, 1 kg of N2 contains (Na/28) x 1000 =36Na.

(b) As P=N kgT and kg, T are constants, P is proportional to N. Since the number (N) of the
molecules per unit volume is more in case of hydrogen than in case of nitrogen, hydrogen
exerts more pressure than nitrogen.

(c) Hydrogen.

12

Match the following

Thermodynamic processes Features Work done during the process

Isobaric process Pressure constant P(V,-V))

Isothermal process Temperature constant vV,

1

Adiabatic process No heat exchange between pR(T,—T,)

system and surroundings y—1

13

a) Second law of thermodynamics

b) Carnot’s cycle

The Carnot cycle consists of two 1sotherma1 processes and two adiabatic processes.
= {F‘ 1214)

T e 1sci.hennal expansion

L
1111 ~dP. V. T.)

f compression '
}\_1
{PI‘VPTEI}W*T‘ - ' '-.1'--— (P-w 3t }
Isothermal
COMmpression
0 L

Let the working substance in Carnot’s engine be the ideal gas.
Step 1 : The gas absorbs heat Q, from hot reservoir at T, and undergoes isothermal

\ »Adiabalic expansion

;1'.
".

expansion from (P, VTP to (Py, V,, T)).

Step 2 : Gas undergoes adiabatic expansion from (P,, V,, T;) to (P4,V,, T,)

Step 3 : The gas release heat Q, to cold reservoir at T,, by isothermal compression from
(P53, V5, TH)to(P,,V,,T)).

Step 4: To take gas into initial state, work is done on gas adiabatically (P,, V,, T,) to (P,
Vi Ty

c) Efficiency of Carnot’s engine

w Ql QE =]- &

TR T Q,

[y
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a) Total work done, W = Wpg + Wegr
(Here Wgr is negative)
W = Area of DEGH — Area of EFHG

= Area of triangle DEF
= %XEFXFD = %X(S—Z)X(GOO—BOO)
W =450]J
b) Zero.

15

a) The heat supplied to the system(AQ) is partly used to increase the internal energy( AU) of the
system and the rest is used to do work( AW) on the environment .
or AQ=AU+Aw.
b) AQ =100 J/s
AW =75 J/s
Au=AQ-AW =100 - 75 = 25 J/s.

16

5
>

L.ev,u)
vau,u)

A gas is enclosed in a cube of side I. Consider a molecule moving in positive x
direction makes an elastic collision with the wall of the container.

Momentum before collision = mvy

Momentum after collision = -mvy

The change in momentum of the molecule = -mv,_mvy = -2mvy

By the principle of conservation of momentum,

Momentum imparted to wall in the collision = 2mvy

The number of molecules with velocity vy hitting the wall in time At = %nAvX At
The total momentum transferred to the wall,

Q= (2mvy) X ( %nAvat )= nmAV At

Q

The force on the wall, F = i nmAv’,
_ F _ 2
Pressure, P = i nmv,

All molecules in a gas do not have the same velocity; so average velocity is to
be taken. Then P= nmv’
But by symmetry, v’= %vz

Therefore Pressure, P = %nva
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(a) Consider an ideal gas undergoes a change in its state adiabatically from (P, ,V;, Ti) to
the final state (P,, V,, T.).

Then Work done,

18

VZ VZ
W - f[P}dV _ f constant dv
VV
Vl Vl
—y+1 \£
= constant X
1=y J,
1 -constant constant
= 1— X y-1 y-1
)4 _ | Vi
_ 1 % P2V2y_P1V1Y
1_Y V;—l V){—l
1
R\T,—T
or W = H ( 1 2)
y—1
(b) In the case of A, P,V:=P,V»
PV, PV
= = :2P1
Y2 (1)
2
In the case of B, P;V{Y =P,V
Y V 1.4
P',=P,—=P|—| =2YP,.=2.64P,.
(EE RS
2
P, 2P,
—= =0.758
p, 2.64P,
c)C&D
(@)

1. Molecules of a gas are alike and different for different molecules.

2. Molecules of a gas are very small compared to distance between them.

3. Molecules of a gas behaves as perfectly elastic spheres.

4. Molecules of a gas are in random motion in all direction with all possible velocities.

5. As the collisions are elastic , total kinetic energy and total momentum are conserved .

6. The average kinetic energy of a molecule is proportional to the absolute temperature of
the gas. (Any four)
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(b)

P=1nmv?
3
1 —_—
PV== nVmv?
N
n=c N=nV
1 —_—
PV=; Nmv?
where N is the number of molecules in the sample.

2 1 —
PV= 5 (N EmVZ)

The quantity in bracket is the average translational kinetic energy of the

molecules in the gas. N invZ =E
A (1)
Ideal gas equation, PV =NkgT ------------------- (2)
From eq(1)and (2) % E = NkgT
E = >NkgT
or  T=(z)mP=(5)k,T

This means that the average kinetic energy of a molecule is proportional to the
absolute temperature of the gas.
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PHYSOL EXAMINATION SERIES

@RPWYOWo 12& 13
22-08-2021 6mo@ 7.00pm

PES09 aua®o : 1 memlasad

ale@daiull eapad@ : 30

DIQOICIVEF:
1 0lfdalo 1
2 @RALWIMIGIS’ 1
3 PV=nRT 1
4  SHOQAN 1
5 Ae0U12J030ME1G1HBEMIUT ADG 0 QWA AGZONIOMDIN0 (@JAUBAH] LS.
HO® ERYINAH DVAR0 BHOPMN. ERGIMIB AUIDHOMINM @DoalN]el 060D 2
W1 1H0eMo MO HEB3D.
6 SUA®, - N-T2 _373-273 2
. 373
n = 0268
n = 26.8%

7 P opan 0d30m1@3 alydalo V @l@d mlan” V+AV @eelas” aigon 9101w eogallcd
2OQEMIUD ©a1Qea S o], AW = PAV.
@RER1OMOWE 103 Qljdalo V,@mIan” V,afleelds” mQEmMIdud 6 a1Qeaq]gam

v, v,
oo, W= [Pdv = urT [
% v, 14

1

VZ
@RLOAID W= pRTIn—=
Vi

8 &9IQo. 8@ AIMHOMIGE @dalo GalBBHIOM MOHAN MIalmlel aldavlaflenoad 2
SYIQo.  EPAVIMINGH  TLVAAGZM  TVAVED BB AUIDHOVINAG ®Ialmlel
QIRRLISBH Qo @R IM” @Jalo MD@IBHIMOH63H QYo §21Q0. 3@ @RALIMIIGTH,”
@JS1VWI@ Malo MBB:HEWI 2 JOHTNIBRHEWI aIQaNIE].

@olmoad AQ = 0.

BN Il NN (@)oo, AQ = AU+AW =0

AU =- AW
QADOSBODEME3 MANGZM @JYOD] §.21QEMINURI, JYTm] HMWFIAl ERYVIG]es0..
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@caoud AU GaloaUIglal” @ERWlcloso. @REBOM QIO HOM 193

@RYM01e303220(AU) aIdRUISBM®IMIGE ®Ialilel HO@AN.

9 mel o (2488 MVoROMI) ERANVIBGHUADIGEIHS (DM MVoBMT) ®alo 3
2 JOOMBB6Mo.  @RMIMIB3, @alellM»h06Mo  af)Caldgo MSHSBo. @Il
O]9 ENRINHOD M1VANMAVALaf", AYAIMB @Ialdjo B01H9Lj (@JYODTWIHH]
209008  HYIWlel.  GRD@EaleL!,  ®IalCIO] 05J800o @Jyomllcelss
2296)a|SIO®, ERANATGHHONIGLINN A JOMHBBHWVo BRD@AUYT ®Ial 2ellM1eH06mo

DENBISBH Qo 6alQo.

10 28880163 20go QAUBOMIO® AUIDGHODINAG @IalNlel QVWACWEMIUE @™ol 3
@@ BHBOS N®1EHIBDR0 AUBRU1SSH Qo BRGOMF aNLINIW] BRAIYHS GV
QAUBR1IR®HQo  H21QMMN. HEMEBBBOS QAIGEULs GAUND® GRAMONIGBIN® GRAIY'
el @Yo  VAMRAN AI@2E], @RA! alfl@qa]dgo aJAIBHE103 MS1EBH Q0

6.21Q)0. BREBBOHM 0BBo QIRRL1AG3.

11 (a) 99aowe=ad (H,) 1
2g 99a0w=m (H.), Na @m0@#ud 92030800880m@Imocs

1 kg H., (Na/2) X 1000 = 500 NA ®@0@ 503 2uloanossan.
0iles Na Mm@’ @RAINIGALI Mo {IG:D.

28 g oomszma (N2), Nx @@o@H03 208009088 @1mI@s
1 kg N2, (Na/28) x 1000 = 36 Nx @m0@ %03 2013e098830M.
(b) 28so, «EMIG" QI ITDEIBE O@I@HSOS afepERIM”  (N)  emd 1
@RMalI@ODILNEN. OPOQWRM  OWI@HBOS af)siRo  BIMEINVDIMIM3

9920 DUIHSHIBBAM A D@OM1LNW]F]H830 &I T AGBAMERAINQ|FAN®.

(©) 99a0QRA. 1
12 @I D (@)@l WHUd MLANEUAHUD B UB @lodleel o | 3
e 033 (@&l 0@3o mudlEmdem” P(V,-V))
QW) Vi
@RALWMINGD (@)W QIIAITVOQo a§Qn 0G0 pR(T,—T,)
@1T3 @IaIHOBHAQATE. y—1
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a) ©6NB2o MIalN®IH: MWmo

b) 8@ 908eMI WAHOMIM” BHIBEMI2lG 0 (Carnot cycle) af)Molweqa|gan moel
@JQAUGODM *LISEBBSNE.

R, V;, T

uemoay Alleomie

o —r

(B,V,T)

b2

@O ES
alleomue

UGRIY TLIDABBMe (P, V,, Ty)

0 V—

1. U2y afld0avo (Isothermal Expansion)

(@JAUBOMMEBAIYRNIW Q@ d»o T, @I IMeIYIeI88  ®JaldoR06M]
(Reservoir)@l@dmian” Q, ®dalo AV 01af TVERIAHAIGHINVODIM” AlEWOAIH:M.
2. @RAW®IMINGIH:” afld0Mvo (Adiabatic Expansion)

®Ia10OHNIQo MLINH® AUIMEo ERALWMNIIPTE: AflB:0VEMIM” ANlEWVAIB:0M.
3. MVEMIHIVIAB3Mo (Isothermal Compression)

Ao T, ®IalMeIR]f88 ®IalTVos0eMIERISN Q, ®Jal AS®@ O alQ’
VEMY TVAABBNMEDIN(aJ@BHLNM) ANlEWVAIB:a.
4. @RAWIMINGE" Avam@3mMo (Adiabatic Compression)

®IaIDNHNIQo MEIOD QM0 BRALWMIIGTE: MIABBMOMIM” AlEWVAIB:MD.

C) HHUAD),
_W_9-0,_, 0
Q, Q Q
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@O 021 @Yol , W = Wpe + W
(aNes Wer #munglangan.)
W = DEGH a3 a10qjgoi’ - EFHG 903 aloq|s0i’

= @led06mo DEF 903 al0q g0l

_ %XEFXFD _ %X(S—Z)X(600—300)

W =450]J
b) ag=yo.
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a) 60MJ0 Ml MTWNo
8@ 0lJ0InNWIGRIHS M@HQIFAN  ®Ia O] AQ) e®m eowo

QAQITNLAWYHS  BRYANOCHIBLROMIG3 (AU)  Q1IBrLMONRIOB:HWQe MG,
agggcuoskgcme@g @omaso (AW) 9alcouwlasm.
@oeelasled  AQ = AU+ AW agoamgmoo.
b) AQ =100 J/s

AW =75 J/s

AU=AQ - AW =100 - 75 = 25 J/s.
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0,1
(-ueu,u)

Qo™ MIgo / Qenly” GV &G o@:{éﬂlﬂ(ﬁs B AIMBH0 DUIOHANHISBAMN . B3
@@ Galoavlglal” x 10T MeIG] 4] a @O0} 1O MelaYls
&51g5ellm’ alewnds:amn.

&51nselln’ )MBa 88 BRYddo = MV

@515’ GUaHA8S @RYHNo = -MVy

O@MI@WOS BRYBHAUYD {IMVo = -MVy_MVy = -2MVy

@RYAN MVoRMHUEM MWANMAVA] 5,

23105eN1003 aneIn0©] lom1es” IElH8IM @RYEHe = 2MVy

At VR@EMN@ Vy (@JEAINEomIns Elomwlas alanlslesan @DI@ BSOS af)sIRo

= lnAvat
2
DAflos NI ORI BSOS af)fNOMING TVIBOOHVWWo , A aloqgallom)o, VAt
oM@’ At MO SET3 DI MVERIB) 4] FECOMQo Myafla lagmo.

At VDOG3 DD DI BT OV IGLIH” OOHN0Q0 & alQYOq AN BRYAH:
aaso Q = (2mvy) X ( %nAvXAt )= nmAv:At

oM@ @RAERAIO SN el F = L = pmav

At

08@Bo P = % = nmv,

PHYSOL-The solution for learning Physics
Prepared by Higher Secondary Physics Teachers Association Malappuram




8@ AUIDHOMIOL! af)eld DWMI@HUBEB0 BGO (JCAUNALIOM@IMIT VVOIVG]
@JGAIWo al@laMIBs.

@G oud 2d3o P = nmv;

JE— 1 o
ava ol gelo vizgvz ag)am” BHEMENHIBNo.

@®IMIO3 nB30 P = %nmvz
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(a) 8@ @REABWA® 0o (P, V, T) oM @aicunaiadmloe (P, V,, T,) agam
@RAINNWICLIABSS GRALWMINGTH: (J&1WI1@3 9.21QaM @JYo],

VZ VZ
[eg¥a] [ lok:sNeY
w = [[pPlav = | T]dv
Vl Vl
—y+1 V2
= quOlEI®o X
1=y |y,
1 [ urloose  urleamo
A e
I 2 1
_ 1 % szzy_P1V1y
-y | vt v
1
= E><[1>2V2—Plv1]
R(T,—T
@BLOGDH _ H ( 1 2)
y—1
(b) A agyan avomNW3 al@leMmlajmd, Pi1Vi=P,V,
:P1V1:P1V —2p,.
)
2
B agyam avomNud a1@lwemlajoad, P1ViY = P,VyY
’ V}’ V 1.4
P 2:PlV—Z;:P1 W =2"P;. = 2.64 P..
2
P, 2P,
" GRAMJAABEBBBOS @RoUdENIMNWo, —= =0.758
P, 2.64P,

c)C&D
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@) QIO B6BBBHS NG ]HMVIRLITDONTOF BRSTNVOIM O IBBU3 !

(i) 8@ Mo GRS AUIDGHORMD (GHAVOIMAIW 2ILINOMILIBS BT S0
®WI@HBOS GUEIORIET

(if) avowoem adREMIEjo MIalMIei]ejo MA@ HUBHH1SWILI88 LVEIVET o
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@RAIQYHS QlLllo |HOMWGaIdH] 2f AUSHO &HSMELINWI0]HR0.

(iif) @@ U3 MMNLIBS 210N (@ JAIBAMMo @RAINEMITANIOIIMNIEM.

(V) Q®HEBRUB alOTVEOJ0 BRAUIHAHISBMM @O0 E1OMT1QAIW0
510 1S1a63a.

(V) el @515ejd80 DEIMIG:A6M . GRGIMIG ERAIWOS @YD
O1CHIBR0Jo, @RYHNOJo TMVoRHHILHNA A |SAT.

(Vi) 8@ ®@@I@QOS 103001 WD IEHIBE20 AUIDGHOMIN CHAILl MOalN]elQ)”

@Y1 HAIEM” (ego@81ejo 4 ag)emo )

(b) 8® @REAWANm®HOMOM ad30 P = %nva af)aM VA SO Mmoo 3
1

PV = gan;z a)PANE®I0. e (1)
PV = (%)NX(%)mvz ......... )

smoflos N (= 0V ) agan@” avomgloel ®@I@S8os af)sipo @em.
8@ ERYBAUD AIDMHOMINMG ERYINTIH: DVARO aJBMMIWo VM 1GHAIVWDIMI®I,
1

E= Nx=mV’
5 v

@G IU3 TVAAIB:Y0(2) (@J&r000

PV = (%)E a0 LIRlAB0. eeereeennen. 3)

MM AVATHOMo MIaIMILIQOS DM Balnd® Aflvda1ldheMo M@IE:QIN00 MeAN

Ma00WER0. MVANNG: L0 (3)90 ERYRAWAIIME MV o PV = ksNT 00 @l

co22la {12J0@3, (%)E = ksNT

@owan E = (%)kBNT af)am IElasam.
E_,1, 75 /3
@36)%89;](63 F—(E)mv —(E)kBT

O®I@ Mo BB DVWI@OWOS VVOINA] DDMIEHIBR0 AIDHOMIOHA EHAlel

®JalM]elQ)” @RYaald®]HAM” af)am” amMI1LIEHo.
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