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JEE-Physics

EXERCISE -I

Let O = temperature on X-scale corresponding to
50 C on Y-scale

(00T = yIIIIIOIs0 ¢ I0I00OXIOMHI0ITNION

375C

-30C

-125C -70C

X -(-125) _ 50 (-70)
= 375-(<125) -30—(-70) = X = 1375

For centigrade and Fahrenheit scale

QUomDotitmionooy

F-32  C-0 100
- c=199 140-32)-
21232 1000 ~ C 180 ' )=60C

Slope of line AB (ILZ]ABILL L)

AC_100-0 100 _5
AF  212-32 180 9

If we take two fixed points as tripe point of water

and 0 K. Then (OI0I0OIOIOOITIOIOIOOIOMOONIOMO
00To k OOIO0)

L0 T =0 401 - 200 T, 9T, - 4T
200 450 x = v x = 4T,
2oL constant (for all t t les)
UFP _ LFP constan or a emperature scales

(Do0I0C0ontmoorooo
where (DDH)
LFP — lower fixed point (UDDDD:DDHD]:D]D)
UFP — Upper fixed point (JIOIIIIOOCOI)

X-(-5) C€-0  60+5 C - 65

95-(-5) 100-0 — 95+5 100

AL=6 10%-Lla=0-—0710" oo
o 1x12x10°

Expansions of a metal is same as photographic
enlargement. = d, will increase by 0.3%

Ol Ontooir U Oodr oodl O ool oG
= d,, 0.3%. 0000

|

10.

11.

12.

13.

14.

15.

16.

| UNIT # 05 |
THERMAL PHYSICS

8. Let at temperature 6, volume increases by 2%

then according to question (UILLII0IelCII OIO0OIOI

290000000
100 = 98 [1+3.3 10 (6-4)]
= 60=604+4=644 C

FL
AL:ALthermal_ ALcontact force: O = a’lLe: AYl (rOd - 1)
1 2 E
FL
a, L0 ="y (od-2) = Ya =Y,a,
2

Pressure at the bottom in both arms will be equal

(Wi i)

) mr it
1+, 1+1t, Loty =Lt

Strain (UD D:D)

Al

t=7=—OLA9= -12 10° (75 -25=-6 10"

Coefficient of linear expansion of brass is greater
than that of steel.

Q0NN IIOOmOr Do

(=0,(1+0aAT)=>( 0, = (,0AT

(0, AT _104-100 4 a,
= (,0,AT 106-100 6 = a, 3

a, 2

Clearance = R'-R but 27R' = 2nR (1+ o AT)
= R' - R = Ra AT
= (6400) (1.2 1079 (30) = 2.3 km

x= Uy =Ly =L, (1+0,AT) =0y (1+apAT) =0, — £,

= Lo, =0,

For rod A (UO0ADONIOCD)  A¢ = ¢, o,(100)

For rod B (O0DBIONIONN) -~ 2,100

For rod C (0000 O0I0MD)
2A0 = x0,,(100) + (3¢, - x)a,(100)

5
= X=—/

&3€—x=ifo
3° 0 3
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17. N =I Expansion in dx =

[ T(a +0,x)dx AT =100{ (176 x10 +1.2 x10x) dx

_ 100[(1,76 x10)x +(1.2 xlo")[xz_zﬂz

=3.76 mm

Ty
18. ~df = aldT . Al=[ df=[(aT —bT?)¢,dT
T

s B(T; -1?) _g(Tf —Tls)} - Bale _%Tf}ﬁo

19. For simple pendulum (JUOIOOOIONOD) T = 2n

\/Z 1/2 £ = lA_Z = laAe
g - Tl =T 727 2
Assuming clock gives correct time at temperature

{IOI0DIOmoIotiNNoIortoomnoomy

6 6

% =24 %3600 24 % 3600

1
= 5cx(e0 -20)&

1
-5%(40-6,) =8, =30°C
= a=1.4x10° °C"!

+—l—
LLuJ.I.u.Lu.u.I.I.u.u.I.I.I.f.I_.uJ.uJ.u.u.u.u.l.l.l.uJ
20 C [T
—f—>
<— {(,(1+200) —p
LLuJ.I.u.Lu.u.I.I.u.u.I.I.I.I.IluJ.uJ.u.u.u.u.I.I.I.uJ

40 C [T
—(14200) —p

20.

0, (1420 ay)= ¢, (1+20a)= ¢, :(ﬂ] ’

1+200

-v, +30,

21. y=y,%30,=y,%30, = o,= 1A 3

Let 6 = junction temperature {00 e <1000 ODOID)
Net heat current at junction is zero

QN0 OO0 oo Omonmy

22.

200

3k(100-6)+k(0-6)+2k(50-0) =0 =0 = 3 C

23. Newton's law of cooling (UUILIOTOOONIONNN)

24.

25.

26.

27

28.

1cal 4.2J
= X

0, = surrounding's temperature (000 O 010y

:80—60:k[80+60_30} r
t 2

60-50 _ [60+50
and ; = 1{ 5 —30} ... (i)

=t =48 sec
ot oc (X22 — X12)
For x, = 0, x,=1 cm
7 o« (12-07)

For x, =lem, x, = Zcm

7 1
toc (22 - 12):>T:§:t: 21 hrs

From Stefan's law (JLIO00O00C0). A(.Q = cAT*

=567x108x1xT*= T= 100 K

2

s—m cal
P

2T - Intensity (01000
Area

Power absorbed by the foil = Intensity at foil Area

of foil (LU0 00X I00=DIDImomio O Moo
Jbooo

Py A :(GAOT“\

P = A
=" gm0 T Tana? )
GAO(ZT)4><A
o 0t ] T _4p
Now P'= == 04y
[&) (&]
NA, VAt
. K,A(100-70) _ K A(70-35)
. 30 70
K = & K—Afl
T T TR, 2
dx __ dx =
dR, = KA ~ KA (1 +ox)
ly
I3 14
R, - IdRH=I dx _ 1 (én(l+ocx)]
'KA,(1+ax) KA, o .
- il +al,)
00.
OR

Check dimensionally (OO0 0000 OC OI0)
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29.

30.

31.

32.

33.

34.

35.
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According to Wien's law (UIIOIIOOOIOOM)

Aoc /T = v ocT.

As the temperature of body increases, frequency
corresponding to maximum energy in radiation (v_)
increases. Also area under the curve

I0ICodIOoCoN M0, ) diimooomol
1 0 A

J E.dvoecT?

Q
t

as )\'red Tred = A‘greenTgreen (See VIBGYOR)
= Area of red star is greater

{0 )

= oAT* = same but T_, < 'I'green

Rate of cooling of water = Rate of cooling of alcohol

O
(250 +10) x1x(5) _ (200s +10) x5
130 B 67

= Specific heat of alcohol (JILIIOILIIOITIOILI
s = 0.62

Amount of energy utilised in climbing

N A

mgh= 0.28 10 4.2
L 028x10x42
= 60 x10 . m . cm

Entire KE gets converted into heat.

(N e

AKE =ms AB = 10 10 10=2 4200 A6
=A0 = 0.12C

M= mass of hallstone falling
=]100I0000I00O0N0IDO)

m = mass of hallstone melting

e=II000I0IOIOIONO00000
As Mgh = mL.

gh 10x10° 1
L 33x10°

So Mo
°M "33

sAO® = ms (1) C

s AB = ms (1)K = ms(1) C

s AO = ms (1 F) = ms(5/9) C
H, > H,

o
3 3

I_IC
HK
H;

- H,

36.

37.

38.

39.

40.

41.

Heat lost = Heat gained

(QIOOrn=000moi

m,.  540=1100 1 (80-15)+20 1

.. mass of steam condensed = 0.13 kg

()

(80 - 15)

Water has high specific heat and due to this it
absorber more heat in rise of temperature.

QOmonOmo oo omom
A A A A R

When water is cooled to form ice, the energy is
released as heat so mass of water decreases.

{0 A A RO
(IMOoDOrotonmoom

If intermolecular forces vanish water behaves as gas.

IOnIoooibooimoonian bt
Qoonon

4.5x%x10°
18

Number of moles of water = =250

AiOmoIorIoogy
Total volume of water at STP
STPIIINIIIOTIOOIOOOD

=224 250 103 m®=56md

Heat removed in cooling water from 25°C to 0°C

2secl 0 oocl 0OTUIOIOION OII0IOTO0O OO0
=100 1 25=2500 cal
Heat removed in converting water into ice at 0°C

(o3 A
= 100 80 = 8000 cal
Heat removed in cooling ice from

O A M )
0° to -15°C = 100 0.5 10 = 500 cal
Total heat removed inlhr 50min

(1 hr 50 minl J0I000T000OOC000
= 2500 + 8000 + 500=11000 cal
Heat removed per minute (DDDDDDDD]DUDDD DDD[)

*—11000 =100 cal/mi
110 cal/min
P P
T T T
density density
increases decreases
( RT)
For equation : L p= F;\/Ii

w
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42.

43.

44.

45.

46.

47.

At constant temperature p oc P

For 1% graph : p o P At constant temperature.

For 27 graph : [ p= %}

1
At constant P, p o ?

dp
For 34 graph L: T =

= density p = constant

constant = P o« T

If temperature is doubled, pressure will also be

RT
doubled a5 P =5~ (IOONOOONO)

= 100% increase = JIOIOIIIOOONOM!
Volume can't be negative.

00amoUnoma oo
At constant pressure (0000000 O
VT orVal(t+ 273

3
Zt‘“ volume of air at 0 C occupies entire volume at 0 ,

(o c Ul DINOIR0Ue DoDIMiorUboomoom4

vV, V

Vi _ V2 3/4V \Y)
As T, T,

= 273+60 273+0

6=171C

Ideal gas equation (LU OOIOOIONN): PV = nRT

P
So at V = V; RT, = [7‘)) (V) and at V = 2V,

4P,

11P,V,
RT2=[5 e

10R

j(2v0) =T,-T, =

Number of moles remain constant

{Ioromoeoruooom
PV, BV, PV PV,
n *nm, =n'+n = RT, " RT, RT/ ’ RT,
PV PV (1.5P)V (L.5P)V
= + = +
273 273 Rx273 RxT

=T=273 3K=(273 3-273) C=546C

Total translational KE(UULIIIOLOOOIOIOOI D)

_ 3 RT-32 py
2 " 2

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

y = n,Cpy +1,Cy,
n,Cv, +n,Cv,

y=15 . C, =

P1 2' P2 2

3KT: _mvfmS T )
m 3k M

rms

Change in momentum (DDDUDD D:DDDD)
= 2mv cos(45)

1
= =27 3 —_—
2 332 10 10 >

=4.7 102 kg msL.

Here V = aT + b where a,b > 0

nRT  nR
aT+b a+b/T

b
= — <
So P but T, T

1

so P, > P,

p
PV- nRT = P = 3y RT
PM_  (10°)28 x107%)
S po v kg m3= 1.25 g/lit
P="RT 83x273 oM 5 g/litre
AU1 = tve
AU, = 0
AU3 = —ve

SO AU, > AU, > AU,
As volume increases, AW = +ve.

Internal energy and volume depend upon states.

QIO OmOoUodoomoIordoood

PT! = constant & PV =nRT

v AV AT AV
\Y T Y VAT T

12

AU = 2P AV & W = P AV
So Q =W + AU = 3P AV = 3PV,

When water is heated from 0 C to 4 C, its volume

decreases. (UUIII0T0 ¢ U4 ¢ (0OIOIDIOIOIID
0OOIOR00Do0m

.. P AV is negative (DD:]UDD)
HenceCp—Cv<O:Cp<Cv
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58.

59.

60.
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V o« T* = Vo (PV)*
= P*V?3 = constant = PV?%* = constant

R R R + 4R R
. = + 4 = + =
s C=C, 1-3/4 3 7

I-x 3R

_ fin, +fn, +fn;  (5n)(3) + (n)(5) + (5n)(6) _ @

f - 5n+n+5n 11

“ n; +n, +n,

U = a + bPV = a+bnRT
= AU = bnRAT = nC AT
=C,=bR=C =bR +R

C, bR+R b+l

=Y "R b

EXERCISE -II

All dimensions increase on heating.

(DIOo0OIOnIoouto0mod

12 2L,AL,

DC?= L7 - 2- = 0=2L, AL -
2L, (0,0
= 0= 2L,(o,L,0) - % = o, =4,

A part of liquid will evaporate immediately sucking
latent heat from the bulk of liquid. Hence a part of

liquid will freeze. (LU0 O HIO0IDIOMOONIOONOI)
OnIoIMoainonrhoioioDrDmon
A I A

A(Qvap = A(ereezing
m.mL) = ML) = M = nm

L = latent heat of freezing (OO0l O D00 00O
m = mass of vapour (D[DDUDJUD]DD:D)
M = mass of freezed (LUUILIIOOI)

.. Fraction of water which freezed

(NI )

.M 2 _ n
m+M m+nmm 1+n

Mixture may attain intermediate temperature or
terminal temperatures of fusion or vapourisation.

0 A
I0oOOOmoonnoom4

Water at 4 C has highest density

(4 cloimnnIOmoitmMomomoa

Q=AU+ W; Q,=AU+ W,
Ratio of specific heats

(UIIOIOOIoooD

10.

12.

13.

() ()
C, \AT) (AT AT <1

C,”[AQ,) " [AU A}
AT AT AT

Q=AU+ W

Q = +ve, as heat is absorbed from the atmosphere
Q0 Y

W=-ve as the volume decrease
{oIOmoooomo4d

oAU = Q - W = +ve — (-ve) =tve

.. Internal energy increases.

OI0IDi0ooooomy

W, > W)

2 1

HA
HB

(6 cal/s) 6-2)s
(6 cal/s) (6.5 -4)s

—_

For insulated chambers (DDDHDHD:UDDDUDD:DDD:DD)
n, +n,=n' +n,
(final pressures become equal)

(RN

PV 2P2V_P .. . 5P
RT RT RT 3

For left chamber (D[DDDD]DDDDDUDD)

5P 3V
—py="-wV'=>V'=—
PV = PV 3V 5

For right chamber UI0I0OD0I OO0,

5P
4PV= P'V' = FV‘:V':HTV

2

— = constant (UDDD)
p
RT . .
P = pﬁ(ldeal gas equation) (UIUULOMI OO0

p? P[pRT) (R]
=>—=—|"—|=PT|—| =
o o\ M M constant

. The graph of the above process on the P-T
diagram is hyperbola.

e-Ti0N0DINoINiDO0NINOMID00D O Cm0Y
For the above process (DDD:DDDDDDDDUUDD)
(P*) (P} p* p?

o), "6 ), 7% " /

Cp/2

P
=P, =$ ()

and
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PlTl

14. (i) PV2=C=TV=C

If volume expands temperature decreases.

(R e

VS
(ii) P= KV? = T= constant

If volume expands, temperature increases

dOootoonoO N Imoooomd

Vv

) PV'=C (i) P= RV

Q=AU+ W
Q,> Q,as W,>W, & AU, > AU,
15. Ideal gas equation (LDUNOMIOOIOOO)P = %.RT
For state A (UU0IIAICONIOD):.

P
P = IRT,

For state B (UCOIIBIUIOM)

3P, =

0

p 3
MRZTO :p:Epo
16. Q=AU +W = +Q = AU + P(V, - V)

(1_1) (1_1
= QAU R (T )= AU S QR (T

L
B v2 3

SR 8RT M_ _ 3n
18. (v ) = M, M ]

4KT

3RT W
17. va = =

19. Average KE per molecule in A & B =

a0 A

3 RT
(Vrms)A

3RT

P
=PT,=PT= 5 T,=T,= 2T .

20.

21. v

22.

23.

24.

25.

Y 6
av

m
No. of mole of A = M

No. of mole of B :MB =

Pressure exerted by a gas in the vessel depends on
the number of molecules present inside.

(HimI a)
QCoonoomooUiomd

Average speed (LI OIL)

o 142+4...+N  N(N+1) N+1
Vg N T 2N 2
rms speed ((UOIONOIDOION)

\/12 +2%2+3% 4+
v =
rms N

~ \/(N +1)2N +1)
- 6

~ \/N(N +1)2N +1)
- 6N

Vo

Vs _ |[(NF1)EN+D) 2 2 (2N+1]
(N+1) N+1

- /2RT_U_ 8RT.V - [3RT
M’ oM M

Fig A: W, = +ve Fig B : W, =+ve
Fig C: W, = +ve Fig D : W, = -ve
.. In process Fig—(D), heat is released.

Q =AU + W and AU = nC AT
AU can be zero if AT is zero or Q - W is zero

(au UI0I0000000MT at IDI0TQ - w OOO0O)

At constant volume, work done by gas is zero.

(UooDUOnIOmomrt oo rond

For any process (U000l Onody av = nC AT

In adiabatic process (UULLIOOOIN)
Q=AU+W=0= AU = -W

For any process (JUIOOOIONIODN)

_ AU W _Q _AU P (A\/j
"~ nAT nAT nAT nAT AT
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26.

27.

28.

29.

30.

31.
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ForQ=0,C=0

(adiabatic process)

((MIANN)
Slope of isothermal process (UUUDIOIUOOI U OIH)
_4Aap_ P
T AV Y

Slope of adiabatic process (JULLIOODI O OI0)

WAB = (2\/0 - vo)Po = Povo
[Isobaric process] (OO OUL)

W =

BC

v,
R(2T,)/n—
nRET)n oy

0

= 2PV,.In2

(Isothermal process] [UUOUI0I00OLN]

3
SPVo+PVs g

2P,V,.(n2

QAB _

Woe " 42

PVr = C; In P + y/nV = /nC

= /mP =-y/MmV + /nC = y=mx +c
-2.10-2.38]
= m=-Y=""130-1.10)

.. The gas is diatomic (Cooioroonod

Wose = Wopa
.. Net work done (UDD]DDDU:DDDD[D)
- WOBC - WODC =0
kﬁ
S

Workdone by gas = P.E. stored in spring = 1/2kx?
] 0 A

Change in internal energy (DU]DUDDDDDUDDDD:DDDD)
AU = |-AW|= 1/2 kx?
As gas expands, AT is negative.

Ay o A )

Final pressure (JIOOI0I) =

Work done = Area of ABC with V-axis
(Oanooroo=v-0ooioniascionooony
= P2V, -V) + 0 =PV, =nRT, = RT,
Change in internal energy = nC AT

UI0DDOOMmDDooy

3 9
=1 XERX(4TO —TO):ERTO

32.

33.

<. Heat absorbed (LJUIIIIOILII)

11
— RT

9
-5 RT, + RT, = — RT,

C, 02 4 2
C, 0.15 3 f

= f = degrees of freedom ((UUOJL OO = 6

For constant pressure process Q

RN R WINE)
= nC,AT = 30nC,
For constant volume process Q

(UUOIDDOONIDDO QOO

5
= nCAT = n(—ij AT = AT =42C =42K

7
nR(T, -T,)
34 Wadiabatic = »Y _1 - 6R
1xR(T, - T,)
22 T 2 _eR — (T -
5371 = T,=(T-4K
35. Ans. (C)
AU, = nC/T, - T)
3
=1 ER (300 - 450) = ( -225 R)

36.

AU,, = nCyT, - T,)

3
=1 ER (600 - 300) = +450 R
AU,.= nCu(T, - Tp)
3
=1 ER (450 - 600) = - 225R
ALJABCA = AUCA + AUAB + ALJBC = O
A A T
Py
o - m
. B
E . .
V, Ve v =, Y
Let V, = initial volume = 2V = final volume
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37.

38.

39.

40.

v, = DI00I0000= 2v, = DO00DID0O00
V = volume of any state

(v=I00ID0INOD0moon

P,~P,/2 P-P,/2
then™oy v "2y, —v

_pyoy |2 P
=nRT =PV =V | 5550

.. T-V curve is a parabola with vertex above.
r-vilONiDODNImoonImiooon4

Hence temperature first increases then decreases.

(N e

Work done in process 1-3 is greater than that in
process 1-2. While change in internal energy is same
for both processes Q> Q.

(0O0h-s0X00IONmUinh 210 ooomma
IDDmoiominIrddiortooo0

0H

Intensity in first case (D[UDDUDDU:DDDDDUDDU)

P, oAT/
1 4nRY  4nd?

Intensity in second case (OOIO0mo0nO0 o oo

P, OAT)
? 4nR’  4nd:

I

) cAT; B cAT, _(
Given I, = [, = 4Tcdf 4TCd§ :>d1 _kTJ

For sphere (00 01000) kA[— ‘f) _p

r

= k[(-dT) = | d;'P

¢ T drP
= —k‘([ dT = ;[W

p (rz—rl\

P KT
:kT_4n J :t=(r2—r1)=?4nR2

nr

For black body (LIIILIOCOILIO)
}\'0 1 1 —
AT= T =T =2T

P oAT* 1
=E:> P'T' = (16P) (2T) = 32PT

P’ GAT"

41. Ans. (A)

42.

43.

44.

For body A (UIOIAIOIIOD) P = cAT*

E=1OO=G><3004
A

For body B (JUUIBIOIZIOD)

P

K2(6T4) €=(1-05-03) [c 3004

=0.2 100 = 20 W/m?

From Stefan's law of cooling :

(L

dT
ecA(T* - Tf) = ms (_Ij

=1 58 10% n (0.08? (500 - 300%)
)5
-10 90 4.2 o) =g ) =0.067 C/s

For surface areas to be same
O00oobOnIONoD,

a
SSPhere: Scube = 4TCR2 = 6a2 :Ez

Volume ratio (DUDDDDDDD:D)

4 s

—nR
vsphere — 3 — 2R — 9(> 1)
chbe a3 a T

.. (Mass of water in sphere) > (Mass of water in cube)

D S )

Energy host by radiation depends on the surface
area. Hence initial rate of energy loss by the two
area equal. But mass of water inside the sphere is
greater, hence it will cool slowly.

(OIoomooonoriitiomioOngendomnody
CONONmOmODoO OO Coonoomnmmom
QoI oOmmoomooridroCmo
DOIIO0Io00mom

For same rate of heat transfer the body having higher
conductivity will have lower temperature difference.
If cylinder with higher conductivity is connected with
hot reservoir first then the function temperature T,,
will be closer to hot reservoir temperature.

Q0o Ooonomonoirdnon bitorooorioho
OotioiooroOotortttoboti0noonnea
Q00D OoDOOOImoIoooIn, foneono
Qoo
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45. Newton's law of cooling implies that rate of cooling is
proportional to temperature difference if the
temperature difference between body and

surrounding is small. (LU0 DIOO0I000MIOON
NN i A

OO00HOIOIL DO
Then,

do
“a 2= tand, o (0, - 6,) and

tang, (6,0, )

do
&t 1= tand, o (0, - 6,) =

tan ¢, 6, -6,
46. From newton's law of cooling.
(O00idmIoDozIonO,
dT
cA(T* - T = ms[_gj
: e A (_d_T]
= odpr?(T, + AT - T = pgnr C at
(126T2) dT
“pre JOT-TI= Cdt
t T
dT
- _ k|dt=—| ————
= K(T - T,)dt dT = ,([ %[(T -T,)
126T;
= T=T, + (T, - T)e* where K = ?

47.
jar_ajg JAT_Q gy,
I T aAjy 0 & I T oAy (i)
:Zn(i\:(é\L f“[ ]: Q\X
LTZJ oA | and aA
(Tz\x/l_
:T=T1LT—1J

T, T,-T
2 and 2H :—lR .

48.

(where R & R' are thermal resistances).

(U0Ir DR IO0IOIOMOMOOOMO

1 g1
L 3L kA k'A
3L

+
kA

R =

kA

+
3L

7k
= k' = ?(k' = cond. of ADB wire).

5R
For the cube, net resistance =—

(UI0IO0mnomm

(Where R = thermal resistance of each side)

Q0Ir=(0I00INOIOIOIOOUoO

. 100-0
" B5R/6
For side A (.01AI011000

H_100-9, — 9 -60cC
37 R

49.

50.

Heat current flow rate is uniform everywhere.

(e

51. Heat lost (LIOZLZD)

=cA (T* - T)) = ~c4mA(T* - T%

0

d(mL)

dv dr
L— =pL4nr®—
a Poae PR g

d
= -cd4nr® (TS - TY = GL4TCI‘2d_I

= radius decreases with time

M W iy
52. T,=50C; T,=45C
.. Heat will flow from P to Q.
(O00IelUlQI0NOILO
53. For same power of radiation
O )

P, =P, =P, = e,0AT,* = e,cA T,* = e.cAT*

11
:ec:lzgzz)

= T, Te = Tyoryfe, T, JecTe = e, Ty & Ay Ao = /Ay

& AT, = AT, = T, (e, : ¢

B

54 R—;—& Rl_ 1 _3R
' KA KA 4L'" " KA KA 1
L/2 L/2 3L/4 L/4
H =2 12w ‘i@i

R B
H = AT :££=£x1.2=1.6w

T 3R/4 3R 3
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* KA@4-0) 3KA(0+4) _
55. Q= T0o—x < =x=75m 61. FigA:20=[iOO—B}><4 ...(0)
74_7
-4C kA kA
ICE |X 3K
2 f OC Fl A . 20 = — _ &_f_k_A t .
g A: Q = (100 - 6) ...(ii)
WATER (109 K L L
rac o 4/2 .
57. Rate of cooling ({0000 Equation (i) +(ii) 1 = /t t=1 min.
= ms(—@) = 4c6AT AT
dt 62 T ToT, kK,
. Q= = , =
= 46A Tg (50 - 20) = 10 L L L ky +k,

12 (2 (23
and 4cA T35 - 20) = ms at) " 60

. T,-T, KA(T,-T,) [KA(T,-T,)
63. Q= = = f
X N 4x 3x X
60 X[15X10j 1500 1/ C KA 2K.A
:> = h— _— =
ms = 92\ 30 / then f = 1/3

64 . For an elemental spherical shells,

58. For a grey body (UOI0OIOIOOCCOIIO0) (OIDIOOTOOn)

a+t+r+t=1ifa=04,r=0.6

then t = 1-0.4 - 0.6 = 0. é—K4nr2[—i_T]: &[4 =-ankar
The body is opaque (JOIO00IOONOOION0MND g n ' T

“(r, —r )
:QL er 1)2 AK(T-T) = Q o ( I, ]
59. Wien's displacement law.(0I00I000000000000 O) e E
AT, =2,T,=b=28 103 km 65 P =P — a2
3 ’ 0 - - _
= 3000 A, =T, (;)=3 10%km From ideal gas equation (LI000 00T O0IOIO0N Oy
37\,1=1um&[7»2—7\,1]=9um PV = nRT
= A, = 10 um
=T,= 300 K = RT = (P0 - aV3V (n=1)
2
60. () - KiAO+25) K,A@5-0) (Rv-avh) dT o (R -3av)
Q t, t, =T=-{T"fg J=w R
KA(9+25)_KA(25—6) B 3 & dZ_T__6a_\/
= 2 = 3 = 0=-5C :V—\/;and d\/z_ R (<0
25C Q+25C 9
o - P-aViv o 2P, ﬁ
=2 | 13 e R 3R V3a
66. Let x= percentage of water solidified
K K then heat lost = Heat gained
1 O M A

QonTOo=1000mardy
=x 336 10°=(100 -x) 21 10°

100
=299 _ 5629

2A(0+25) 3A(25-0) = X=1g ~86:2%

= 5 = 3 =0=0C

i) o = K,A(0+25) K,A(25-0)
t, t,

10
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67.

68.

69.

70.

71.

CAREER INSTITUTE
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JEE-Physics

Q +36=Q,
KA(100 -0)
>——

=0=76C

He and Ne are monatomic gas.

(He LINeJOO OO OIOMIO

Vi
Q =W =nRT /n v,

Q- 1500
nR/mV, /V, 0.5x25/3x (n3

:&: 360K
0.5x25/3x1

Area under the curve is equal to number of molecules
of the gas sample.

O A A W M
QO00nUom

1
Hence N = Ea V, = aV, = 2N

Vo

1% 1¢ (a ) 2
V., :ﬁ_([vN(\/)d\/ ZEIC'LV_OVJ dv =2V,
Ve _2
vV, 3
2 __w 2 lo Z(i \ _V_02
V2 !v N(V N!v LVO\/JdV—
Vime _ 1
Vv, 2

Area under the curve from 0.5 V to V, is 3/4 of
total area (0.5 V[0V [00I00I0IOMO0NIOIOUITIO0

I0O0I00s 400000

Length (D[DUD)
=(,(1+0aAT)= ¢,
Area (DHDDD)
=A, (1+BAT) = 6/ (1+40a)
Volume (UIU00O)
V=V, (1+yAT) = £ (1+3aAT)=(?
Density (LI0I0)

(1+20a)

(1+60a)

___Po
PT149AT

___Po
1+60a

72. At 30 true length is given by (30 OIILIIOIUOIUIIT)
= SR (1+a,,_ AT)
~100 (1+26 10 30) =100.078 cm

At 0, True length is given by (0 UIILJIOIOOC OO

SR(1+ a,, AT)
(1+ 0, AT)

- 100.078
(1+8x10° x30)

glass

=100.054 cm

73. Qoo

Tensile Stress

Al
(Y oo) (7) =Y (G‘b - as)AT

200 10° (0.8
0.32 GNm™

10-%) (200) = 3.2 108 Nm?

AV V, (y - 3a)t

A, A,

Available heat

5 g steam (100°C)

74. (=

75. Required heat

10 g ice (0°C)

4800 cal 4 2700 cal
10 g water (0°C) 5 g water (100°C)
4 1000 cal

10 g water (1009)
So available heat is more than required heat
therefore final temperature will be 100°C.

0 T MW
100 cIID)

Mass of vapour condensed (U000 OO O 0000
~800+1000 10

" 540 38

Total mass of water D_DUD D:DDDDDDDD:D)

_ 0+ 0_%0 .1
3 3 39

Total mass of steam (D:DD il DDDDDDD:D)
0 _5

76. At normal temperature (DD[DUDDD DD)

C- 2R - 2R
v2 2

At any temperature (0000 000 D000 Oy
)
Cp - C= 2 - §R=R

from process (UL0I0)
and
ideal gas equation (UOUIIUMIUOL) PV = nRT

T = k,V?

11
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we have PV-! = constant = x = -1
C=¢C + R =C +L—C + R
= T ox Tl T 2

At normal temperature (DD[DU giao DD)

—ER+E— 3R
= 5 5 =
77. PV2 = Py = o= 227
. = constant = Pac = P = .
= Bulk modulus (0007 O00MTON OOT0)
AP
K = E:ZP
\Y

1
As PV = nRT SoKoc?andKocT2

n,Cp; +n,Cp, +n,Cp,

78. C,_. =

Pmix
n, + n, + n,

(4)[7Rj +2[5R) +1(4R)
2 2 _l6,

4+2+1 7

79. C=C, * T3 -

5-3x
1-x

= <0 =>1<x<1.67

EXERCISE -III

. (PE)

1.

True/False

3RT 3R@2T) . [3RT
v _ = 'Voims = =2 =2v
Mw/2 M ms

w

. Cp—CV=R2Cp>CV(Ans—>True)

. Energy radiated per second = cAT*

(e

23]
Q, 4 2000 16 (16)=1 (Ans — F)

> (PE) (Ans — True)

rared compressed

. Equal volume at NTP contains equal molecules.

Ny R

. Higher temperature means higher internal energy

] A

Match the column

When A & B are mixed (JUIAILIBILICIOUIION]

100
ms (T-20=@2m)s@d0-T)=T-= T: 33.3C

When A & C are mixed (DDDADDDCDDUD:DDUDDDD
ms(T - 20) = (3m) s (60-T) = T = 50 C

When B & C are mixed (JUIBIOICIOIIOOIIO]

(2m) s (T -40) = (3m) s (60 -T) = T =52C

When A, B & C are mixed (DDDA,BDDDCDDU[:DDHDDDD
ms (T -20) + (2m)s(T-40) = (3m) s (60-T) = T=46.67 C

. Isobaric process (UOUOIOIOOM)

= P = constant (UDDD)
Isothermal process (UL UOD):

= T = constant ((00)

= AU=0=U=constant (:DDD)
[soentropy process (DDD]D[DUDDDD):

AQ
= AS = TZO = AQ=0

No heat exchange (11000 ONOIOOIO0TII)
Isochoric process (UUONOINOIOON):
= V = constant (:DDD) = dW =PdV =0

12
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/
3. Let RBC=Rthen RAB=RAC=2R as R= —
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kA

100-T, T,-0
2R R

(&j _(ﬁj (&] ﬁ(&j
A, WUad, @d Uac), T3Uan ),

=T, =67.7C

4. For(A)

P\/*lN2 *EE 'P*gE
as 3 MmN, = ZEsoin 3 E

E is transtational kinetic energy of unit volume.
ENOmnIOmooodmoIoim O Om4

For (B):

In U = 3RT, U is not internal energy of one mole as
for monoatomic gas U = 3/2 nRT (Ul UOOIOIOI0C0O

8 0 A Y

For (C):

In W= P(V, - V); w is work done in isobaric process.
AL N 0 M

For (D) :

In AU = nCAT

AU is change in internal energy for every process.

aulllDONODOIoMOINIOnDOromnrotond

. From given V-T graph we cannot tell the nature of

gas (LOI0UIV-TIDOI0INMOUIOONINOTID0OTI00n

slope of V=T graph (v-T1 0101 DJHDHDDF%

o (422 (53

A B A B

P

N A
= Cannot say anything about _&P_
I.IB B

. Isothermal bulk modulus = P = RT
()

5RT

Adiabalic bulk modulus = yP= 3V

([T i)

Slope of PV graph in isothermal process

QonoinoievibiDIrn =—%=-I$—Z

Slope of P-V graph in adiabatic process
mo Y2 __5P

UOIomoonevioOoIogy = V" 3y

. Initially rate of heat flow will be maximum at A and

minimum at B as there is no temperature difference
across section B.

i
IoooomorIoOmoooEDI R oOOmoomo
i)

dQ
In steady state dt will be same.

(DD[HDHDDDDD[UZDDZ—? W)

dT
—=-KA—=
In steady state at Ix same
o (7)o 1o (0T)
& dt = dx A dx

will be maximum at B & minimum at A

@I O0DDIATIT0000mmO

As Q = nCdT and dT = g
nC

Therefore molar heat constant C is the determining
factor for rate of change of temperature of a gas as
heat is supplied to it. It is minimum for isochoric process

of a monoatomic gas [Cv = ER) s resulting in greatest

dT
slope 6 i.e. curve 1.

U0IDOIOIDIooOOGe, Io0momoniooomo
(IUIoOItODNImIooidtmrodmonmd

DDDDDDDDD:DHDHDD]]](CV =%R] Uoobuondooom

DDDD]DDDDDDU]IDDDDDUDDHDDDDDDHD:DDDUDD[%) 0
0oromomoRd

For isobaric process of monoatomic gas and isochoric
process of diatomic gas, their heat capacities are same

5
(ERJ , therefore both are represented by curve 2.

For isobaric process of diatomic gas C, = %R that is

represented by curve 3.Q axis represent isothermal
process and AT axis represent adiabatic process.

OIIirioibm dioooionIniooniobioa a

DDD:DDHDDDDDDDDDJDDD]DDHDDDDHH]JHHDDJH[%RJ i

13
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(0mIoomiorbOEIno0onmmooioroonan
O0t0inOinItdle, = %R OoDOEIIIoIorm

OQUDDuNDDODOOmorOirOmATOON0
0O0Omomomoomd

4V,

9. w=[Pdv=[2vav - (V2)y" =15VZ = 15 units

From PV = nRT, 2V? = nRT
= 2(VZ-V?)=nR(AT) = nRAT = 30V

AU = nC,AT = 2R a1 230V _ 30 30,
v-1 y-1 7/5-1 2
= 75 units
Q =75+ 15 = 90 units
Molar heat capacity (J000 00O -
R 5 R 5 R
Cori TR TR TR
=3 3 25 units
10.P = ML RT
w
For (A) :
For AB PxV=TxV:= T« p?
For BC V = constant = p = constant
For CA P = constant = pT = constant
For (B)
For AB P « T = p = constant
For BC T = constant = P « p
For CA P = constant = pT = constant
For (C)
For AB P = constant = pT = constant
For BC T = constant = P « p
For CA V = constant = p = constant
For (D)
For AB poT= P T?
For BC T = constant = P « p
For A p = constant = Poc T
11.For (A) AR
Rt __t R A E Sa—
KA 2KA 2 rR2 R2

No heat current flows through rod CD

(A1 o1 N W N M

2R/3
B E

For (B)

R 2R/3
A B E
For (C)
Total heat current form A to F,

@UF00IO 0000

13R/6 E

100-0 600

13, 1I3R
6

I =

Let temperature of B be T, then
(R

100 - T, 600
R 13R

I:

For (D)
As heat current is inversely proportional to heat
resistance.

OIOOnomIIOomomrmODoICOnoom
So heat current in BD (DDDUBDUDUDDDUDM[

(53
= [ ==1
R +2R 3

T,-T, 2 2(600]
=>-B D_j==|—
R/2 3 3\13R

700 200 500,
13 13 13

0Iond

=T, =

Comprehension Based Questions

Comprehension#1
1,2Let heat is supplied at a rate of k,cal/min then

(I0II0I0IDK, cal/minl O000I0IZODTIOM)
k. 1=m(0.5)8,

1

k, 4 =m(@80) k 2=m()(@®)

1 1 2

=k =-20m = 0-40C, 6,-40C

Therefore initial temperature =-40 C
(O OImo0IO my
Final temperature (DH[DDU DD) = +40 C

14
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Comprehension#2
1. PxV = PV!=constant = x =-1

G BSRR
ZE TRy T T T

2. Q = nCAT = n(BR)AT = n(3R)(3T) = 9nRT = 9PV,

Comprehension#3

1. Since P is constant = 1 atm, heat added will cause
temperature rise.From the phase diagram, A will
sublime while B will first melt and then boils.

(I0IPIIN00I0I=Y atm, DOOCCIOIIOT DI AT OO0
JUooOmsiioOItnoUronoboom,

2. From the phase diagram, at 2 atm & 220 K, A is gas
& B is solid. (UUIIIIOIITIOI2 atmlll220 KIDOIOITA

OOmOmosl0OI0my
Comprehension#4

1. Let M be the mass of solid ({0 I0ION0I000OIMIO

1xM
2 xp,

.. Volume displaced (UDDDUUDDD DHDDD) =

M
Thrust force (JUIOI00)= Po XEQ =Mg P, = 2p,

s

20 Iy, > v Also p, Vg = Mg
AsT T, pLi«, so V displaced T
OO0 T 1, 4, OO0V IIOIOO Ty
Fraction of solid submerged should increased.

QUIONUOIOomooon

3. If fraction of solid submerged doesn't change, then

(i )

V, (1 +30AT
M =constant = vy, = Bas
(1 + y'-iqAT) )

4. If h doesn't change (J/UInIUIDIIOCO00ION)
V = Ah - y,=20,

5. If volume change in solid is zero.

IRy
Let at T', solid sinks (.00 TI0IOIOIO00TOM

=Py 9 = Vpsg nitally) [DIIIIOI0

Finally (LJZ00) p.Vg = Vpsg=pz—°

1
Po_ P09 14y AT=AT=—

Py, AT) 2 o

1
.. Temperature=T+ —
Yo

Comprehension#5

1. On increasing temperature (giving heat), U increases.
Now r,, increases for A while decreases for B.

QIOONimomong, vioooodn a Do4d
r, JO0ONOMOIOsI0Iony, in00T0m

2. The equilibrium remain unchanged but average
distance increases.

(e i e

3. We have Ar,, = [1.0003—0.9999)1’0

2
(from equilibrium position) (DHDD]DDDUUDUDDUUDD D)
.~.£=aAT:>a:2x10*5/K
rO
Comprehension#6
2. Ans. (D)
A 1x4200x2
AQ _ 1x4200x2 ;) oo~ 420w
t 20
do 2 1
—=+K(T.-T, ) >—=K40) > K=—
3 & (Ts-T) 20 (40) 400
40 t
do 40 1
=+K|dt. - =
(L (20-0) ! ; (200 200"
= fn[ﬁ) = —Lt =t=277s
40 400
Comprehension#7
1. AsQ = n,C AT = n,C AT = n,C, = n,C_

But volume is constant (DDDDDDDDDDDDD DD
So APV, = nRAT & APV, = n,RAT
n, AP, 25 5 Cg 5 _5/2R

= h, AP, 15 3= C, 3 3/2R

= Gas B is diatomic & gas A is monoatomic

(IsTo0iONIDOIMIDMmAIDOOIO0OIEo 0D

15
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5 125 _5(60)
gnB SO M, 3M,

=>5M,=4M, = Gas A =Ar, gas B= 0,

2. As n, =

3. Number of molecules in A (A]DDDD]DUDDU]DDD:)
125

=nN, = ENA =3.125N,
125 3
4. U=nCT= 20 ><§><2><300:2812,50a1
Comprehension#8

1. At temperature above 4 C, temperature of water
above is less as compared to below as water is heated

by radiation of longer wavelength. (4 CIUIIOOIID
OO0 oo oo omomon
N A A A My

2. At temperature below 4 C, temperature above is less
as compared to below & thus water remain is it is
due to higher volume at the upper surface.

(4 cliioinIooIooImoorndoiorduaooonm
N )

Ldm AT -kA
dt X

,dm = pAdx

. 2
.. LpAdx _ ATKA =LpX—:ATk~t
dt X 2

Thickness, x oc t1/2

4. Transition of ice starts from the top & decreases below
to the bottom.

L e

Comprehension#9
nM, +nM, 5x4+2x2 24
1. Mmix= = =_g
n, +n, 7 7
E><2R+§x5R
2. ¢, =22 _lmp_f =357
m 7 2
—><2R+§><5R fx2R+é><5R
3. ¢, = 2 c, = 2
" 7 " 7

Pm ix

Yor = c, =1.56
4. Internal energy (U0 OO0 He = 100 J
Internal energy (L0 L] H=200J

while mixing, they don't interact

COnIoOnOmuarNOouorCoood

Internal energy of mix (LU ONOIOIOIOM)
= (100 + 200) J = 300 J

Comprehension#10
&—LD Q, = (L\ Q, = [ﬂ] (80) = 87.9kcal
19,71, ! LTZJ * 273 '

2. W=Q, -Q,=87.9-80 = 7.9 keal = 33.18 kJ

T, _273 o1
T,-T, 27 '

3. B=

Comprehension#11

1. Change is entropy (D[D:D:UDDDUDDDD)AS = %

= Unit of entropy (UIII0IUIIOM)= Jr?

2. When milk is heated, its entropy increases as it is

irreversible process. (LUIUII U0 OOONOMTOOOT I
Oo0TiminlOiionmocooiod

3. After a long time disorder is increased.

0000l DnIOooomI botnoQ

Comprehension#12

1. Stress developed at junction are same
UIhotimoomonm
Y, o, 0, AT = Y, 00 AT = Yol = Y,0,0,

2. As cross sectional area is same & equal and opposite
force acting on both rods.

(A A A I
(IOo00OI0000my
So F/A= same.

3. Let shifting in junction be x towards right then

16
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A A PR ) EXERCISE -IV A
(A_ﬁj 00, AT —x (gj  1,0,AT +x L, B
, 1——£1 7 2——£2 1. h? =L? - 2 constant
Al Al 2L, AL 2L,AL, 0
= - — =
ey, () =% (F) I
! z = 4L, (Lo, AT) =L (L, a,AT)
010, (Yy0u = Yp0,)AT = 4Ll%a, =Lio,
So x = Y, 0, + Y, 0, 2. Here:
- d
Comprehension#13 (R+§j¢ - L1+ @A) )
1. Q.=0= AU, =W, =-400 J q
[R _Ejd) = L (1+o,AT)...(ii)

2. For complete cycle (LLLOUIONON) Q =w

= QAB + QBC + QCA = WAB + WBC + WCA d|:1 +(m} AT:|

= 700 + 0 +(-100) = 700 + 400 + W, ~R< 2

= W, = -500 J (o —a, )AT

W, 600 600 . o 4o
3. m- Qmputxmo_moxmo_ 7 =85.71% Since ( ! 2]AT <1
d d

Comprehension#14

1. 450 = m(0.5) (150) = m = 6g
Temperature difference

3. (i) Thermal current = R
p L. Q_800-450 350 175 "
' m 6 6 3 8 ] minjin
(R s R )
3 Q 200 _ 10 Va C H
. s = = =55 cal/g
mAT 6(240-150) 27 L KA K,A (Kl +K2)a2
where = + = =
Ry ‘ ‘ a
Comprehension#15 = (60 +40)(3 1032 =3 WK
T T = Thermal current (D]DUDDDH:DU)
1. n:%:0.53T1:560K =80 3=240W
' (ii) Ratio of thermal currents (DDDUDDDU[DUD:DDH:DDD:D)
|7 B T -T, _ T, '-280 = 2800 He, Keu 60
T]—O.7_ T T/ 3 ¥ =3, =—— =15
! ! Ha  Ka 40
' 1120
=>T'-T= T 4. In steady state rate of flow of heat in the whole system
will be same.
T, - T - I
9. n_ = A ><100:60(;0(1)300)(100:50% LA
- 1 KA200-6,)  2KAO, -0,)  15KA(0,-18)
4 4 4
T, 1 T, 1 . 1000K = 2900 —1$16= 2(;1 - 2(3L2 & 206, - 26, = 1.50, - 27
1 2= —2Z - T =" =0, = C, =74 C
3. m=1l-7 7gm=l-T 100 3 ° 3 ! 2

17
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(6, —6,)t
b4

=mL= m 335 103

0.54 x45x6 x60 x60
5x107*
Therefore mass of ice left in the box after 6 hours
O A

=(4 -0.261) kg = 3.739 kg

=0.01 = m = 0.261 kg

2.5cm lem  25cm
Power required 000000000y
_ K A(T, -T,)

(137)(30)

= 9000 W
+L+§) x107?
15 1

2.5
0.125

(

2KA (10 -6)
= same So

1

AQ
At
=20=10=>06=5C

KA(20-10)
¢

. (i) Temperature gradient (DUDDDDD]D])
T, -T, 100-0

A
(i) Steady state temperature of element dx :

OO 0ooOor IO oOex000a

=100 C/m

T =100 (1)

Heat absorbed by the element to reach steady state
(O O A R )
dQ = (dm)s AT =(de)s(T—0)

= dQ = 20 [100 (1-x)] dx
Total heat absorbed by the rod
{0 L A Y

1
Q =] dQ=2000 [(1-x)dx=1000 J
0

10.

12.

13.

By using Wien's displacement law

(RO A

b 289x107°
" 15x10° 1927 K
@M - P, =P,
. e, oA, T4=e oA T,

—

€a

1/4 =
0014

T, =|———| 5802-1934K
081

2TB=(

(ii) According to Wein's displacement law

(00 O000000no0uom,

€B

5802

1934)k =i, = 3A

T, = AT, = A= (

A

Ag
Also A2, =1 um = A -—==1um = A, = 1.5 um

3

Let m = mass of steam required per hour

D m={0I0IIROIOO0D 0NN 0IORIn O,

Heat needed (D:DDDDDDDD:)
= (10 1000 kg) (1cal/q)
=60 10* cal/hour
Heat supplied (U100 OO
=m 1 (150-100)+m 540 +m 1 (100 - 90)
Heat needed = Heat supplied
M O Y
= 60 10* = 600 m = 1000 gm = 1 kg

(80-20)

Heat needed to bring ice to freezing point

A )

=10 0.2 20+ 200 0.5 20
40+2000 = 2040 cal

2040

100

o cliOID0O0ONOONOoIO0D

Heat needed to melt ice
0
=2040 + 200 80 =18040 cal

Time taken to reach 0 C s =204 s

180.4

Time taken to melt ice (JUIUIIIIOOCOIO0TIOO0)

18

Node4\E : \Data\2014\Kota\JEE-Advanced \SMP\Phy\Solution\Unit 5 & 6\01.Thermal Physics.p65



Node6\E : \Data\2014\Kota\JEE-Advanced \SMP\Phy\Solution\Unit 5 & 6\01.Thermal Physics.p65

14

15

16.

CAREER INSTITUTE
KOTA (RAJASTHAN

JEE-Physics

18040
100

Heat taken in 4 min (4]]DUDD]D]D:DDDDDDDU)
=100 4 60 = 24,000 cal
Let (U1
0 = final temperature then Q100000 g
heat lost = heat gained (UL OI0I=0001CI0)
18040 + 10 0.2 6+ 200 1 (6-0) = 24,000

24000 —18040
202

= 180.4 sec

=29.50C

.When A & B are mixed (DDDAD alelI0OID HD

mS,12 + m §,19 = m(S, + S))16=> 3S, = 4S, ...(i)
When B & C are mixed (JUIBIOICIIOOIII]
mS,19 + mS 28 = m(S, + S)23= 4S, = 5S, ...(ii)
when A & C are mixed (UUIAIOICIIOOMIO]

mS,12 + mS .28 = m(S,+S)0 = 0 = 20.3 C

Heat lost (NONOID) - % (%m)

Heat gained (UIUIUIL) = ms(327-27) + mL
As heat lost = Heat gained (UJUI0IOI=0C0IHI0)

3(1
SOZEmV =ms 300+m L

3
= gvz =0.03 1000 4.2 300+ 6 1000 4.2
= v =12.96 m/s
Heat gained = Heat lost (JIUI OI00=0100 O10)
100gm mgm
water steam
24 C 10C

0 C

100 1 (90-24) = m 540+m 1
=>m=12g

(100-90)

17.

18.

19.

20.

At triple point (temperature = -56.6 C) &
pressure = 5.11 atm), the solid, the liquid & the
vapour phases of CO, co-exist.

(OOIOioIoot o= -s6.6 ©) OILIO = 5.11
[00000I0miaal, co, /OMOIOONNIOIODIOO0
IR

Fusion point & boiling point both decrease on
decreasing pressure.

QUOIDIDoIaoooIorooimooooma

Critical temperature is 31.1 C and critical
pressure is 73.0 atm. On temperature higher
than critical temperature it can't be liquified.

(Ionroiilsra cloromialtiol73.0
{ooo0oiioOIooniodoidolono

JooooooIoIooom
(A) Vapour (B) Solid (C) liquid
NIRRT INNIe RN

(i)

(iii)

No. of moles (initially) = No. of moles (finally)

00 I000nuonnmG <oordnitiitOnood

76 xV, 76xV, PV, PV,
273 273 273 335
= P = 83.83 cm of Hg

P" =P + 5 cos 60

(P' + 2.5) cm of Hg

For constant temperature process :

(00000DO0I0TO0,
(46 +44.5) ‘
= 46 = (P' + 2.5) (44.5)
2
445x2.5
= P'= 15 & P =754 cm of Hg

Let m = mass of neon gas then

U Im={I00IOOTI0NI00

= (—m +—28_mj from PV = nRT
n = 20 40 rom = n

10° 0.2 = [2+28_m) 8.314 300
= <~ 20" 40 :

my

, = 4.074 g; My = 23.926 g

19
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21.No. of moles withdrawn (JUDIOOIIHILIO0OT)

PV _ szzj

= Am= M(n, - n) = M( RT, RT,

o

15%x10° x30x107° 11 x10° x30x107°

J

300 x8.314 290 x8.314
=0.139 kg
22. () Dotted lines correspond to ideal gas
0 A Ay
(i T,>T,
(On high temp. real gas behaves as ideal gas)
.
aoood
iy PVY_mp_ 107 9394026 4K
T M 32x107°
R R 5 B 3
23.C—P=0.4:>CP= 07—2R:>CV—CP—R— 2R
() Atomicity = Monatomic,
@iaooo-nodnitmon
Degree of freedom = 3
Ol0000nONO000=3)
iy 3 _Ce L5
(i) C, = ER: Y—CV =3
(i) Mean gram-molecular kinetic energy
O )
3
= —R 300 =450 R
2
24.() Let n = number of collisions per second per unit

area, (U0 n = 0OIOITOOO000I00IOO0O0000DHD
Qo)
change in momentum (DDDD l D:DDDD)

= 2mv

.. Pressure exerted on wall (DUDHD]DDD DUD[UDDDD:D)
= n(2mv) = P,

y /3x8.3x300 _10°
0.032
= n =195 107

(ii) If vessel is suddenly stopped then KE will utilized in
increase in temperature. (DUDU U0l ool oOronrog

nx2x32x107°
6.02x10%

I

i i

1
So —

5 MV;2 = nCAT

2C AT .
M = 36 ms

w

=V,

\/ZnCVAT .
M

For gas trapped in the tube (JUI0IO0IOOIONIO0)
PV, =PV, =PV,

= (76-h) Al =(76-hcos60 ) Al'= 76 Al

=66 40=71 (= 76 ("
{=372cm & ("=347 cm

25.

26.V, =V, =
v, - nRT,
PB
nRT,
Vv = C
C PC
nRT, 2R x300
v, = P, - 1 =600 R = 2V,
For cyclic process (D D:DDDDDDDD:DD)
AU=0,Q=W
4 2V
WAaB - PA (VB _VA) =2[ :\3/0 _VOJ x10° :TOXIOE)

4v, 8V,

Wy Py V, n2 =2 10° 3 n2= 3 /m2 10°
8V, 2V, 5
WC%Dz PC(VD_VC) :105[2\/0 B 3 ] =_T><10
W, =PV, f2--10° 2 /n2

W= WA%B + WB%C + WCHD + WDHA: 1152 J

(@i .. Q=1152J (i) W=1152J (i) AU =0
Y
27.() P,V=nRT, and P,V,= nRT,
2
1
L

20
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PV, >PV,
= nRT, > nRT = T, > T,
For same volume, PV = nRT,
T, <T, &PV =nRT,

= P <P,

(i) P,V,~P,V,=2PV=P2V = T = T

For state 3: P
A
Let V, = 3V/2 op 2
P, = 3p/2 then |
P
P

33 2 2 4

AT, T, &T,> T,

P-C
(i) P=mT+C= T:m

(p,-C) (P,-C)
Tl - TZ

=

From ideal gas equation

QO DmoOIy

PV, _RV, _ PV, T, )
T, T, PV, T, \p,—C)

(. C)

5,
Vi a <1=V <V
v, (. c) Tt

V,+C V,+C
V = mT-C ;
(iv) m T T,
then PV, = nRT,
PV, nRT,

PV, = nRT,= 4 =\ RT

v

P,V,  5x10"x10

28.(0) T, = = =120.3°K
WL, = R [2000]X8314
4 )
PBVB -~
T,= g~ 2T,=2406 K FIONxd)
10 B_ C
_ PCVC _ _ 4
T, = R 2T, = 4813 K i
10 20m . V
PDVD
T, = R T, = 240.6 K

(ii) No. we can not predict the direction of reaction.

QUIOoOoOomorDoriroIooioQ

(iii) Process ABC :
W= PAV =10 10* (20-10)=10°J

2000)( 3R
AU = nCAT = | —— || &~

s o) T-T)

C A

=225 10°J ..Q=325 10°J
Process ADC —
W=5 10* (20 -10)=0.5 10°J
AU = nC, (T-T,) =225 10°J
Lo Q=275 104
29.() W,. < W,,. (Area under PV-graph gives work)
eviD0OINNDDIooomoooroionmmD

(i) U,=10J
QAC= 200 J Py
1 15pmB—F"
AW~ > (6-2) (15+5)
10t 1
4 x20 40 J 51 A
2 2 4 6 VY

= Q = AU+ W= 200 = (U, - 10) + 40
= U, =200 + 10 - 40 = 210 - 40 = 170 J

(iif) QAB = AUAB + WAB: (UB - UA) * WA*) B
= (20- 10) + 0= 10 J
30.(i) Work done by gas . NP“
SE ----------------------
0] ==
S :
1 <+ Z i
=3 (4+8) 10> (0.5-0.2) oo

=18 10°J

(ii) Increase in internal energy

(W )

21



JEE-Physics

CAREER INSTITUTE

nR(T, -T;) P,V,-PV
AU = nC, AT = 2 1) _FaVy 1V1

y-1 y-1
_ 5
:(8><0.5 4x0.2)x10 48 10°J
5
21
3

(iii) Amount of heat supplied (DHDDDD DDDU]DUDD:DH)
Q=AU +W=66 10°J
(iv)Molar specific heat of the gas

MU TOO0I0Iooodn

Q 6.6 x10° xR

= SAT - (v, —pv,) ~ 17.1 J/moleK
31.Given that
T, = 1000 K

e
PB = g PA,
5
PC= g PA,

For process A—B QU0la—B UIIOD)

PIIT! =PI/ T]

1oy -2/5
P, ) 3
T, - TA(P—A] =1000 (5]

= 1000 0.85 =850 k
For Process B —> C (DDDDB—)C DDUDD)

Ps _Fe _ [P_c]_ 1_
LT = To=Tp =850 5=425K
_ nR(T, - T,)
(l) AsB Y_l
=1X8.314><(1000—850) - 1870.2 J

5
3
(i) AQ, .= AU, .+ AW, = nCAT + 0

8.314 (425 - 850)

N | W

3
= n. SR - T)= 1

-5300.175 J
(iii) For process A —> B (DDDUA—)B DUDD)

V
PV =PV = I

For Process C —> D (DDDDC—)D DDUDD)
PCVCV = PDVDV

(&jy_[ﬁjy_i_l’_n 3
= v, v, 2 PC:PD_zpc

At end points A and D ((UI]AI0ID [O0IOD)

(SPC)
3P, 2

1000 T,

o

A

= = = T, =500K

—

P
TD

A

32.(i) For adiabatic process (DDUDDUDDDDDD:DD)
TV =T,V !
= 300 V¥*1 = T _(2V)**'= T, = 189 K
(ii) Change in internal energy (DU]DUDDDDD[D DDD:DDDD)

3
AU = nCAT= noR(T, - T)

=2 5 8.314 (189-300) = -2767 J
(iii) Work done by gas (DDMUD:D:DDU:DDH:D]D)
P,V. -P,V R(T, - T,)
_ OV 2Vz _ n 1 2) _ 2767 J
y-1 y-1
33.4) A G Pa
|0 j P, A
A A 4
P2 B Py/2 C «—IB
v Tt

(iii) Work done by gas (DDMUD:D:DDU:DDH:D]D)

AB

Vs
W,, = nR(T,) /n y; ~= 3RT,/n2

PO
W, = 7(\/0 -2V)

W =RT, (3 0.693 - 1.5) = 0.58 RT,

** "TABCA

‘o AQuuen = W, = 0.58 RT,

22
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34 . For polytropic process (UUUIIOIOOOIOIIOD)

TV, = TV, = TV"=—(5.66V)"! = 2 = 5.66"

T

2

Taking log both sides (JULOULI O OIODOIONI00)
/n2 = (n-1) /n 5.66

2
:>n=1.4=1+?:>f=5

(i) .. Degrees of freedom QO000C DN OI= 5
(ii) Work done by gas (DMD[DH:UDD:DDD:DDUD)

PV, -PV, PV-P,(5.66V)

=12.3PV
y-1 1.4-1

14
1
Where szzy = Plvly = P2 = P(%j

35. () P1

Ve
T, =y, T.~ 2T, - 600 K

Process BC [UOOIBO):

TV, = TV !

= V.= gp+/2 Litre =113 L

For end states A & C (UUIIIAIOICIOIOO0O

=——"=mR=P_=044 10° N/m?

(iii) Work done (U000 OIN)
W,, = P,(2V,-V )= nRT, = 600 R; W,_

nR(T, -T.) 3
= —— - =5nR(600-300) = 900R
y-1 2

36. Number of moles (UL IO

PV (1.6x10°)(0.0083) 16
(8.3)(300) ~ 3
Heat is supplied at cosntant volume

(Oi0oooIOnoomomomomm
so Q= nCVAT

2.49 x10*

Q
=T, =T, + ¢, =300+

=300 + 375 = 675 K

PZ T2
As V = constant So P_1= T_l

675 6 6 N2
=P, 300 (1.6 10% = 3.6 10° Nm

37. PV’ = constant= (10 (6)**=(P,) (2)*
= P, =(10°)(3)*® Nm™

Plvl — szz
y-1

~ (10°)(6 xlos)_élof’ x30)(2x10%)

n,Cp +ngCp

38. Yo = nACVA +nBCVB

1o W(3R)+n(2x]

= = = n, =2 mole
13 (1)[§R] +n, [§R]
2 2

39.(i) For a cyclic process A AR I )
Q +Q,*Q+Q =W, + WHW+W,
= W, =Q +Q+QFrQ-W -W,-W,
5960 - 5585 - 2980 + 3645 - 2200 + 825+1100

=765 J
= W_ .. _ W, +W, +W, +W,
(11) Qgiven Ql + Q4

_ 2200-825-1100+765 _
5960 + 3645 ’
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40.PT = constant = P?V = constant = PV'? = constant

41.

For this process C = C, + =C,+2R

1-1/2

5
= C, = 37.35 -2 (8.314) = 20.722 = ER

Tr-2r o i-5

2" 2" 7

The maximum temperature of the gas will be during
process BC.

{0 A = Yol MU Y

Process BC can be represented by straight line,
y=mx + C

(000BcIUIDIONI y = mx + CIDIOODOIONOO0

0

SoP=mV +C

Putting point B & C gives

3P =2mV + C ...(i) P=6mV +C ..
So subtracting 2P =-4mV Som = “ov

P
From (ii) P ——Wﬁ\/ +C=C=4P

Hence we get equation as (UL OOIOCOIL )

P
y= (_W) x+4P (i)

where y is pressure and x is volume of gas.
U I0mOIO OO monanoomd

Putting y from above. Now we have

P
x vy = nRT 2(—VX2 +4PX] = nRT ....(iv)

For maximum temperature (DMDDDDDHD: DUDD)

ar _
dx

Hence x = 4V Putting in (iii)

0 :>(—£x+4px) =0
2V

We get nRT__ = 2P(@4V) = 8PV
SoT = 8PV = x=8
n

42.

43.

44.

PV (103)(1073)_L
PV = nRT > n=ﬁ= (25/3)(3) _25

Y%

For process AB (ULUIABILIILN)
W =0, Q = AU = nC AT

,(L] (ERJ 3003*ﬂ = 1485 J
~l25) \g7) G003 = == = 148

For process BC QUOIscIOIIOO)

(T,-T,) = (5 ] (300-3]

21
3

=1485J and AU =-W =-148.5J
For process CA (DDDDCADDD:DD)
AU =0

ol Va) W
W = nRT «nkv)——6.9JandQ—W——6.9J
C

Thermal efficiency Q00000 000D

W 1485-6.9 0,954
qupplied 1485 ’

Slope (1)

B L N
- V — lan = V an

- (D) -2

AU =nC,AT, Q = nC,AT and

25 2500
W = nRAT = (1) 3 (100) = TJ

AU =n(C, —R)AT =nC,AT —nRAT

25 500
= 1000 - (1) 3 (100) = TJ

24
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PA + Mg =PA T=300K  T=500K
Extra force needed n=1 n=1
P,2V P2V
(RN R
= PJA-P/A-Mg v v
=1 n=1
= PJA-P/A-P,A+PA

= (AP,)A - (AP)A

5000

3

nRAT nRAT A
B \Y 2V

New length of gas column (ULIUOCDT O OOICIOD)

9 15
-V
P [16 OJ

27 °°

As PV = constant so PV '* =

64
= P=—P

o7 0=P0+kx = kx =

h h 37
But kx = (3700) (E] so (3700) (E) = (Ej (109

Now T,V ! = T,V

9 0.5
= (273) (V,)** = (T) [Evoj

=T, = 273 = 364 K

2

w |

EXERCISE -1V B

(ii)

. (i) For the right chamber (D[DDDDUDDDDD:DD)
1 243P, )",
PT 1= 32 T, g
243P,
9 P,.V ( 32 0] V2
=T,= - T, and PoVo _
4 T, 9
> 53
b 9.2 8
= VeT g 04370 27 0
For the left chamber (D[DDDD]DDDDDUDD)
PV, _ PV, 243
T, = T, where P, = 3—2130
8 46
V, =2V, _EVO :EVO
T, 243 46 9x%x23
=T~ By X(32 P"](EV"] == T
oVo 16 0
- 12.94 T,

Work done by the gas in the right chamber :
i i)

9
1><R(T ——Tj
P,V, -P,V, _nR(T,-T,) _ ‘4

R
3
3 5
__E R ZT0=—1.875 RT,

. Final volume of chamber (JUII0I O OO0 OO0

=V, +Ax =32 10°m’
Final pressure in chamber QOO O U000 I

=P + b 2 10°N/m?
= n /m
From ideal gas equation (LJIUUL UM UOIOIIL )

PV, _PV,
T T,

(T, )
T, = (V)| 5y )= 800 K

Work done by gas (LLIDNIIOONOONOIN)

0.1 Kx
= I(PO +—)Adx =120 J
o A
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Change in internal energy (ULUIIOIOUOIOIOIO00)
AU = nC AT

(PV,\(3

L TJ( ]AT=6OOJ

. Heat Supplied (JII0JI0I0)= 120 + 600 = 720 J

f' Constant temp = 400 K

0, ‘/Block

// /9 ////‘—bdisc
0 = temperature of disc (O UL D)

0, = constant temperature (UDDDD D]D)

Heat input to disc (JOONONIOONION)- KAG =6
- de

Heat utilised by disc (UOULOILIOOOIOIO)= ms -
(where s = specific heat of disc)
O S A

40 KA@®,-0) __f do KA ;

meyT L J8, e ‘msLl‘“

msL  (6,-300)

=t= 166.32 sec

Ka m e—ssoJ =t

Let V, =V, 2}
Process A —» B (Let)P,
T, VA“/’1 = TBV“”1

=T, =909 K

Process B > C

v, Ve Vo 8V, 16V,
T, T, = T~ 272K

Process C — D :

TV ! =TV "= T, = 5511.15 K
Heat flow (U100

Process A — B QAB =0

Process B —» C QBC = nCPAT

7
1 SR(T.-T,)

185156.937J

Process C —> D
Process D —> A

5
A(58)m -

= -108313.753 J
. Efficiency (U0

Work OUtpUt _ Qm - Qout
N~ Heat input Q.
_Ll outJXIOO(y _[ M}Xloo%
185156.937

n = 41.50%

Note : please read V. /V =¥z
in the question.

instead of V /V =2

A

95C
5CJ]

h
l 5C

Pressure at the bottom of A — B limb :
(IDTA-BIOIOOIOND)

P, + p,gh, =P, + pgh ..()
Pressure at the bottom of C-D limb :

(I00c-plONnOnoon)
Py +p,gh =P +p, g

95Q

puy—p

«—7—U

h, (P, = Py)...(i)

2
Solving we get, y =2 10 C1 .. 0c=§ 10#* Ct

Heat flow for three sections will be same.

QI00IOrooOInIOoOooLOUo

27 C 0, 0,
— —+—
1st
PANE

0C

— —4—
2nd

PANE

Air Space
OUT SIDE

Room

. 27-6, _ 0,-0, _
T LT
KA KA/, o \KA
= Q,-2648C; Q,=-052C
Heat flow rate (OO LITI0N)

0,-0

1stPane 2ndPane

4o 27-6,

(@)

27-26.48

[ 0.01 ] - 41.6 watt
0.8x1

1stPane
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Let (L)
n,= no. of moles in vessel-1
(n =000 00000000000
n, = no. of moles in vessel-2
=INI20000M0NOn0om)
initial pressure in both vessels

(p, =0I0MHOIO0HIOIIDIC00Ia)

P, = final pressure in both vessels.
(p, =00IIOIOIOIO0IO)
oo

volume of vessel-1 = volume of vessel-2

OO0 00700000I-200T01000

(n

[y

P

1

Initially

Finally, Vi =——

vV, T, 275
v, TT, 271 & ViV, VA

Displacement of mercury droplets

(Wi )

AL =

V,-V, 4 [vomA

= ] =0.26m
A 546 A

(UDDoIOIoD - 4

L _PVy _P.(7V,/2)

T, T, PR )

Vo N, VY
I MY )
B 2 0’ C 2 0
T, = 3T,
<. Heat absorbed (U] LI
= (nC,. AT), ,, + MCAT),

5
= n4R (ETOJ +n 3R(7T) = 31.nR T, = 31PV

0

Work done UIOUIOOIOMN0= 3P, - P) (v, - %vo)
=-5PV,

9. Work done by gas (UL OONC)

= iPOAdx + jkx.dx
0 0 §

2

B kx
= 50 J —POAX + 7

k
= 50=10° 4 10° 0.1 + 5(0.01)

Spring constant ((J0I[0000)= k = 2000 N/m
Heat supplied (U] 000 00
Q=AU + W =nCAT + W

RAT
_n W= 2><8,314><50+50 1295 J

Rl

In free expansion, temperature remains constant

otDOnIorItoomom)

10.

P0 VO
nR

Initial temperature ()} T, =

After compression (LU0 LI OI)
T,@AV)" = TV)" = T = 2T,
Change in internal energy (UL OO OIOMO0O0)

AU= nC AT =n(ylilj

_nR@2T, -T,)

y -1

_nRT, PV, (2x10°)x(107)
(1.5-1)

11. For equilibrium (JICIOIIIIO0I00)

B i - 400 J

h~=0
m m.8
18 +pgh = A, + pgh,
1
2 1
my :2kg,m2 Zlkng—:A—
1 2
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12.

13.

For final equilibrium Q00 ON0IOoI Ooiany

m,g
AZ

> D28
Al

omy block will fall down (DD[DUmﬂDUDDDH)

For constant temperature forcess and pressure being

constant ({I0UIIIHIOTIO0IOOMNINDIOITONOOOIIOmH

initial final

hA, +hA,=hA +hA=h =30cm& h,=0

Let h = empty space over Hg-column
(I000n, =IHa 00O O O0Io0I0a)
For constant temperature process
O )

PV =PV, =4 h =5h

where hl—h2=13h2=4&h1=5

True Faulty
Reading Reading
73 69
75 70
74 X

(i) Total length of tube (UL OIITOIOION)
=69 +5=74 cm or 70+4=74 cm

(i) When faulty barometer reads 69.5 cm.
(OO0OoDCOOmIOnNNOOies.s cmldfd
PV, =PV, 4h =45h; h=444
=, True reading = 69.5 + 4.44 = 73.94

(iii) When the barometer reads 74 cm

QOIDTONIOI000OI74 eml]
PV, =PV, =4 5= (74 =« = x = 69.528 cm

7
6,=3872C; 6,=-15C; 6, = 157C Yco, =1

H, | He | CO,
= (>l —>l— (>

For the H, gas (I—IZDDH]] DD:DD)

PV, _BV,

P,Al P xAl
RT, RT, :

645R TR
HIOOOn

(@

For the He gas

14.

P,Al P xAl,
258R TR

For the CO,gas (CO,] I UIION)

P,Al P xAl, -
430R TR ~odi

0, 258 1 0, 430 1
>t=——=" o ==
0, 645 25 %1 645 15

>0+, + 0, =30 = ((1+25+15=3(
= (¢, =06 (and /,=25/( =15/
t,=15 0.60=09¢
For the entire system (UIOIIOOIOIOTI00)
AU, + AU, + AU, = 0

n,R(T-T,) . n,R(T-T,) N n,R(T -T,) 3
Y, -1 (v, -1 (ys-1)
Px0.60-P, N (Px1.50-P,¢) N (Px0.90-Pyf)
I VR
5 3 5
3P—EF‘0
12

For compartment C CIO0 I O0IOny
27,

AV
POVOY = P(T) =P 3
=P T/ = P.T/
27 5 3
P, T, = (?PO) XTP= T=5T

0

For compartment A IO0 Al IO

27
PA = ?Po
PV, PV,
RT, RT,
27 4V
—P, [2\/0 - O) RT 21
= Tl = X 0 Tl = _To
R P,V, 4

For compartment B IOl OO

28
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P0 VO — Pl vl = PO VO — Pl VO = Q
TO Tl TO [g T )
4 0

(i) Final pressure in A (AUDUDHHDD]DHDU) 28; PO

Final pressure in B (BUDUDHHDDUDDU) 24—1 PO

Final pressure in C (C]DDDUDDD]DHDD) %P

0

(ii) Final temperature in A (ADDU DUDDD]DUDD) = 24—1T0

Final temperature in B (BI U] JIUOIO0)= 24—1'1‘0

Final temperature in C (CIUILOOIOID)= %To

(ii) Heat supplied by heater = (AU + W) all chambers
QI00I0DNONOo0OINN= (AU + wy O0IODODOD)
Q = (AU, + W) + (AU, + W) + 0
= (AU, - W) + (AU, + 0)
= AU, + AU, - W,

n,RAT  n,RAT _(n,RAT)
Y, -1 Y, —1 v —1

17 17
= 5PV, + PV, + PV, = 18 PV,

(iv)Work done by gas in chamber B = 0
(=S A i Ry
Work done by gas in chamber C

(00l DI0mmErmoOooo0mn

Work done by gas in chamber A

R0 O Y
- ()W, . =-PV) =PV,

chamber

(v) Heat flowing across piston -I

(Ui00MIOIooIomOrooICoany

17
= AU, = PV,

15. For the process (JUI0OOIOCIOLN)

5
U=aJV=nCT = ng RT = aJV

2 2
= nRT = PV = gaﬁjp—g

Sk

=W =dev=%a(x/V)zf
2 AU = a(JW), =100

4
.'.WZEAUZSOJ

(i) W = 80J
Q=AU+ W =100 J + 80J = 180 J

4
i) C = AQ _ AU + W _ AU+EAU
nAT nAT nAT
_2( AU] 9,.%r_%Rr
5\nAT 5 2

29
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EXERCISE -V-A

The temperature of gas molecules depends on the
average Kkinetic energy associated with the disorderly
motion (i.e., random motion) of the gas molecules.
The orderly kinetic energy of the molecules of the
gas container will increase in the lorry, whereas
disorderly kinetic energy will still remain the same;
hence the temperature of the gas molecules will
remain unchanged.

CoroIoommooOiCronononmnnm
R R i
DiooIOtroromooooooiioorbodoood
OooInoimomonomoOonrmoooo
] A A M W

_ |3RT
rms M
Where T is the temperature of the gas molecules
in kelvin and M is the molecular mass of the gas

{0 g g A A MR I Y WD

v

OIonOnOnoiboomd
Tu, _320

2 OZ
=T, =20K
n+n, . n,

y-1 v, -1 y,-1

1+1 1 1

= +

y-1 (5/3)-1 (7/5-1)

2 3 24
=31 =~ 775716
Given P oc T3
s PV = URT

oc (PV)2 = P3V3cP = P?V3 = constant

P

3
3/2 _ =—=—
= PV constant = 7 c, 2

Monoatomic (O0IIIIOD) n =1 1, ==
AN 7
Diatomic (DDDDHDD D) n,=1 Y, = g
n, +n2 _ n; n n, 3
Yool 1,-1 7,177 73

10.

11.

12.

nl +n2 _ I'll n r12
ymix _1 Yl _1

Number of moles in 16 g He =4
(16 g, He UI0ILIION OO0 =4)
Number of moles in 16 g O, = 0.5
(16 g, 0, IDIOIOIOO0I= 0.5)

_3 _7
’YHQ 3 YOZ 5
On replacing NyNo 3 Ve Vo,
v.. =1.62

We have, molar heat capacity = molar mass
specific heat capacity per unit mass

IDUOIOoIrnI=-l0oiorniUoxInDo

I A
Cp = 28 Cp (for nitrogen) and C, = 28 C,
Now CP—CV =R or 28Cp - 28 C=R

c c-2
BT
U=U +U>=>(n+n)CT=nCT+nCT,

— (Plvl +P2v2)T1T2
= (PV,T,+P,V,T,)

—x4
v = —YRT:V—lz ylM?: 5X
M Vs YoMy §x32
3
4 21 2
= 60 = —4604/ 00 m/s
v, 25><8 21
Ans. (4)

Energy of the diatomic gas

(Oo00mOomonod

5 5 5 1
ZnRT =PV ="x8x10*x—-= 4
2n 2 2>< X ><4 5 104 J

Q =msAO = 0.1 4184 20 = 8.4 kJ

(nlcvlT1 +n,C, T, + n3CV3T3)
:(nl +n, + n3) CVWT

n, T, +n,T, +n,T,
n, +n, +n,

As CV1 ZCVZ soT =

30
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Specific heat at low temperature is

(000IDOIooIOmItIOmy

3
ES
P 400

Q =I m.c.dT

3
:_[4 100 N ( T j J4T
201000 400

32 1 (T”‘j
=—X—| ——
10~ (4003 \ 4

:LSXL(ZOAl —4%)
10 x(400) 4

:Lgxlx(160000—256)
10x(400)° 4

= 0.002 kJ

B - Q,
B - TI_TZ _W

20 0.02
= =
300-20 W

=W = 0.028 kd

4 0.002
= =
300-4 W

=W = 0.0148 kd

This is free expansion of the gas in which
temperature will remain constant i.e. on the other
side temperature will T.

UIDmOmooDOImmotmioo OO romn
QOrColonrrdomy

P,T Vacuum

—>

v/2 v/2

PV /2
KT

Number of moles (DUDUUDU]D[)I’H =

P'V
Finally number of moles n, :F

{OrOnonoomooy

n, = n,

1
PV_PV p P
2 KT 2

15.

16.

17.

18.

19.

20.

All reversible engines work for different values of
temperature of source and sink hence the
efficiencies of all such engines are different.The
incorrect statement is all reversible cycles have same
efficiency.

(CIIIOCIonOtDUodOdmotnirioomo
(OO O M oora oo OO Iorom
Oimioood DO roloO o m O

OH

Ans. (3)
When water is cooled to form ice, the energy is
released as heat so mass of water decreases.

(i i
(I omoorCnibooriomod

T. T,
nzl—T—zzlzT—2:0:>T2:0 orT=o

1 1

Which is not possible (UZIOI0OIIOI00IOO

Heat can't flow from the body at lower temperature
to body at higher temperature is a consequences of

second law of thermodynamics. (JIOIOO0CIO0I OO
11 M M A
1 0 0 A A

The instantaneous thermodynamic state of matter
is denoted by pressure, volume and temperature.

COOnororroidtooiOio oo
OIooICiooOooitoma

T,,. =627°C =627 +273 =900K

T, =27°C=27+273 =300K
Efficiency (D)

T.
(T])Zl— sink 1_@:1_1
T SSSSSS 900 3
Work

( )_E_Output_
1 3 Input Heat Input

Heat Input = Work

U
w|N

2

= 310 4.2 = Work
=

3
Work = 8.4 10°J

31



JEE-Physics

21. Internal energy and entropy are state functions and 26
not path functions. )
A A I

22. Assume T > T,

T
Heat given = Heat taken
1iCy, (T ~T)= 1:C., (T-T)) 27.
Plvl PZVZ
HereC, =C, & p, = T, > M7

23. The first law of thermodynamics does not introduce

the concept of entropy.

QinotonoNooomItomeiioomooonan
0O000NOToIodooNorOnroQ

24. Heat supplied Q = Area FBCEF
(000NN @ =FBCEF 00OO)
T, =21, e R
7 \
T=T, «C
A
F E
S=S S=25,

= T(S,-S) + 5 (T,T)(S,~S)

Work done W = Area ABC
(00000 DI0Iw=aBcIIDOO)

1
=5 (T,-T)S,-S)

1
W 5T =TS, -S,)
T,(S, =8))+ (T, = T)(S, - S)

CT,-T, 2T, -T;, 1
T,+T, 2T,+T, 3

25. The internal energy of a system is a state function,
i.e., change in internal energy only depends on the
initial and the final position and not on the path

chosen.

0 T
oo OOoionodniidnOnoonm

QOT0ImOIoromORoororomo
Hence AU, = AU,

28.

29.

- mC, T +n,C, T, =(n,C, +n,C, )T,

B nlCVl T, + nzCV2 T,

r11CVl +r12CV2

f

5 3_(7
1x2RT, +1x 2R| LT,
ety [3 °j_6RTO_3

=T
1 xéR +1 ><§R 4R 2"
2 2
Work done in adiabatic process
CUnouooIonoonoorom
W= UR (T, —TZ):>YZI+R(T2 -T))
y-1 W
10° x8.3(7)
= 1+———>=1+0.40 = 1.40
146 x10

. The gas must be diatomic

(.DDDD Omoo0Dmoo0Iom)

Let 1 is the efficiency of heat engine and B is the
corresponding coefficient of performance of a
refrigerator between the same
temperature.

(I O00ID00I0T0ooDonm s io0R00Io0DNoD
O A I

The relation between n and B is

m U p OI000IC0OM,

working

Output
Input

1
B =H—1=10—1=9 Also B =

Energy absorbed from the
reservoir at lower temperature

Work done on the system

I
[IOOmooIoonom

Energy absorbed
10J

So, energy absorbed @o0mIoroUh= 90 4

B =9 -

As a thermodynamic system is taken from state i to
state £ then the internal energy of the system
remains the same irrespective of the path followed

IoiDiUmnOnobnboKoboi i oOnoa
I g AN

1
(Q -W),, = (Q-W),,= 50 - 20 = 36 - W
= W =6 cal

32
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W,z = Work done in isobaric process

{o0nniboOonOuroonom,
= pRAT = 2R (500 - 300) = 400R
Work done on the gas = - 400R
aIonuoroomomy

Wy, = Work done in isothermal process

O A O
Pl
= 2.303 uRT logp-

1x10°

2.303 2R 300 1092><—105

=2.303 2R 300 (-0.3010) =-414R

Word done on the gas (UIDILIOOIOON QM)
=-(-414 R) =414 R

WABCDA = WAB + WBC + WCD + WDA
2
= uR(500-300)+2.303uR (500)log§
1
+ uR(300-500) + 2.303 uR(300) logg
= 276R
Work done on the gas (DD]HDDDUDDUDDDUDDHD)
=-276 R
T,=T, T,=T, y=14
Vo=V, V.,=32V
TBvéil = chcw1
T T (V)"
TB Tl L\/CJ
) -2
32/ Ta
=1 & =1 l _ 3 0.75
N ' 4 4
1., f
—Mv® =—RAT
5 v 5 and

35.

36.

37.

38.

40.

T, 1 T, 5
st (1)
T, 6 T 6 :
1_'1‘2—62 _l: T,-62 2
and T, 3 T, 3 (2)
By solving equation (1) and (2)
T,=372Kand T, = 310 K
AV =V (3a)AB
4
= 5(3.14)(10)3 [3 23 107 [100-0]
= 28.9 cc
b, =1 St
Strain=—2—2L =gt and Y = re.ss
1 Strain
= Stress =Y at
W = Area bounded by curve = PV,
()
3 3
Q,z = nC,AT = n ER AT = EPOVO
5
Qg =nC, AT=n SR AT =5P)\V,

2
Total heat supplied (U000 O OIOIN)

13

3
= 5PV, * 5PV, = PV,
P0\/0
- = = 0,
n =g 100 = 3py- 100 - 15.4%
—(1—£\ 10020 1 T 1300k
=) =100 500 2
60 300
Again 750 " _T_1 = T, =750 K
N 2T
2P, 0 4T,
y N
P, AT 12T,
Vv, 2V,

heat supplied =nC, (2T, - T;)+nC (4T, - 2T,)

13 13

3RT,
_n3RT,  DOR o1 5 PRT, =PV,

2 2

33
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41. Amount of heat required by a body of any mass of
undergo a unity change in temperature is known as

heat capacity or thermal capacity of the substance.

(I I T
N O A S A M R
goonod

42. Black board paint is more close to a black body.

(UDooorOrraronooeoog

43.

Infrared radiations are detected by pyrometer.

CIToRoorOoitorooodrooroooommmeQ

44. The power radiated by a sphere of radius R at

temperature T is

QIO0rlODRIICOCT CoOIO0OUN IO OnoDy
P = ecT44nR?
Where (U00)

€ = emissivity of the material of sphere.

e = 0000000 DIDIO0O0ToD

o = Stefan's constant ((0IO0II000I0)

T = Absolute temperature (DHDDUDDDD:D)
R = Radius of the sphere (UIUIOIII00D)

4 2
:[@] [l) :(24)XL2:E:1
2000 4 4 16

According to Stefan's law, power radiated by a
perfectly black body is

CUOfItotOmMionr O OO OO0y
P = cAT*% P=c4rR?T*

p, (R (T

P—ij—J \T,) = Po6eP,

P, _TR;

P, TR

45.

X 4x

2K T,

R,=Resistance of left part =

KA
[®, =10000000O0OO0Mma
4x 2x
R,=Resistance of right part = m=ﬁ
R, =0I000N00 O QIO
Total Resistance (IO
R 4R X 2% 3x

1

Thermal current (LJ0I0II)

47.

48.

49.

Comparing with the given result f = %
(OOI0OIDIOrDIdnOCOndoaoaay

Rate of flow of heat (JIUIUOIOC OO0

(T,-T,)
- KA [%] = K (47r,r)|

r—n

According to Stefan's law Q0IOD0I00DIDOm

Sun

(D

Power radiated by Sun (DDDD:D:DUDHDDDDDDIDD)
=c(4nR?)T*
Intensity of the sun received by the earth

CoorOoIortoilonooay

Power of the sun
= 2

4mr

_ c4nR’T*  oR’T!

2

I
4ir? r

Radiant power incident on the earth = I(TCI“OZ)

()

where (m()?) is the projection of the earth's area

receiving the energy from the sun.(JU]] (nroz) gooo
Qro0Ionooriodnoniiooogiom

_ GR;T4( )

P

Let the temperature of the interface be T,

(R i A Ay L
T, T, A T,

K, K,

Thermal current (I) (DDD:DDD:DU)

Temperature difference

Thermal resitance

34
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51.

52.
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Thermal resistance (IOIOIOI0ON) = %%

= TI_TO _ To_Tz
(/KA 1, /KA

L1 JKOT KT,
TR, +K, L

In steady state, temperature decreases linearly along

the bar. ((II0IO0IIODOMIOHNIDOIOIMOODEDO
Io0non
dQ

e, (OTID)S = KA (%)

do

Rate of cooling (D:DDDDDUUDD) = - &t

= k(0 - 0,)

do do
6_p, - kdt :J‘EZ—J‘kdt

= /n(0 - 6,) = -k t + C = correct answer is (2)

stress
= — = stress = Y
strain

strain

F
§=Y(OLAT) = F = YSaAT

Therefore force by one part on other part

(Q0TDOIuInIoo0monaany
= 2F = 2S5YaAT

By Newton's Law of cooling T = T + (T, — Te™
(DOUIOOmoCouobOnom

Ty — Temperature of surrounding (A
T, — Temperature of body at t = 0
=0l 000000 OTOId)

K — constant (J00)
T — Temperature of body at time t

(R )

0 K
So graph is ¢,

EXERCISE -V-B

. Initial conditions

. Average rotational KE (R )

L
2

(for diatomic gas) (UOIUZDOOIOMIOIO0O)

=2

PV = nRT, P,V = nRT
(P,-AP)2V = n RT
(P,~1.5AP) 2V = n,RT

Final condition

n,RT
AP
= 2v
1’12RT 15AP:>n_1—L:g:&_2
2V n, 15 3 my; 3

For A : Q = nC AT =(nC)) (30)
For B : Q = nC AT = nC AT=nC,(30)

Co 7
= AT=(30) (¢, ) 30 ¢ 42K

. At 2880 K
) _3 _2.88 ><106nm—K_ 1000
T 2880K nm
E U,

50:0 1000 1500 Mo
Therefore U, > U, & U, > U,
YRT
B vsound = MW
e [Tn My TT 43 VB
Ve My, Vhe 5 28 1 5 5
5 3
n,Cy +n,Cy, (2)| “R|+4| =R 11R
C, = N = 2 2 = —
M, 2+4 6
11R
U= +n)C, T=(6) T T = 11RT

T,V/ " =TV, but V=AL

L ) [&]5/31 ) (2]2/3
So T, ~ Y, - L,
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8.

10.

MT, =24,T, =4, T, =b so T, >T, > T,

The temperature of ice will first increase from -10 C

to 0 C. OOTOMION0OL 10 ¢ 0 o cOOMOD)
Heat supplied in this process will be: Q, = mS(10)
(0D000DIOIOIm

m=mass of ice (UL UL IIIUT)

S, = specific heat of ice (JULUIIDIIIOIOI)
Then, ice starts melting (DDDDDD:DD]DDU: DD

Temperature during melting will remain constant (0 C)
(DNOOOIDMMIDOIOC0Lo ool
Heat supplied in the process will be Q, = mL

OONO0ImINIDOO0an
L = latent heat of melting (UDD:DD[ QO D]DUDDDH)

Now the temperature of water will increase from 0 C

to 100 C. (UUINOTIIo ¢ O 100 clOLIOO )
Heat supplied will be (LIUDIOIO) Q
where S = Specific heat of water

(000s, = DlOIO0m0moooamD

Finally water at 100 C will be converted into steam
at 100 C and during this process temperature again
remains constant. Temperature versus heat supplied
graph will be as follows

= mS (100)

3

A

=
(S Temp.

ocC

>

Q QQ QQQ)
Heat supplied

(U000 clOi0100 ¢ DIIDUODOOOMIOMOT
(0DDO0MIDOoooimooiDoroonomoonm
Oo0I00Omom)

W, > W, > W,

14.

15.

16.

17

18.

11.As P = constant
5 AV nR l
so PAV =nRAT = = VAT = PV T
'YRT Vy m,
v = [— — _ |—=
1 2 . sound Mw SO V2 ml

kA(90-T) kA(90-T) kA(T-0)
0 " 0 v

= 90-T+90-T=T

= 3T=180 = T=60C

If dW =0, dQ < 0 then dU < 0
=The temperature will decrease (DHDD D:DDH)

As v, ... >Y4. SO 2— monoatomic & 1 — diatomic

mon

For complete cycle (UOUIIOOIOCION)
AU=0 soW=Q=5

= Wy +Wee +W, =5 But W, =0 &
W,=10(2-1)=10= W_,=5-10=-5J

. At constant temperature PV = constant

(Uooidoiolpy=1000)

Sopdv+vp-0 N _V_ g dV/dP 1
O :dp —P: = v _P

Black body radiates maximum number of wavelength
and maximum energy if all other conditions (e.g.,
temperature surface area etc.) are same. So, when
the temperature of black body becomes equal to the
temperature of the furnace, the black body will
,radiate ,maximum energy and it will be brighted of
all. Initially it will absorb all the radiant energy incident
on it, so it is the darkest one.

0
Q0000 oo D ImoO OO IomoO oMo ooImoem
1 0
RN L AR T N W
(oooomnomoromuiOmomooodoDro
LOOODIOUNoD DOt O imoromooo
Loronbonmomooroomm
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20.

21.

22.

23.
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.Ans. (C)

For same temperature difference less time is taken

for x, this means e > e, (DDHDUDHDJHDDUDDEDUXUD
[O0I0DI000I000I0MIOOT0I0IN e, > e)
According to Kirchoff’s law (D[DJDDDDDHDDD)aX > a,

Al =Ad, = (o AT =(,0,AT
Lo 4 o,
= l, :oca = 0+, :(xa+ocs
P A p A
A — &
B B C
T Y
Zkgice (-20 O 5kg water (20 O
{ 20 keal { 100 keal
Zkgice (0 O 5kg water (0 O
{ 160 keal
2 kgwater (0 O

= Final temperature OIoo0o o c
Amount of ice melted (LIULOIIOOIOMNOLT)

~100-20

= 30 =1 kg

= Final mass of water (JUIUIUIOOIOIO00)
=5 +1 =6 kg

Temperature of liquid oxygen will first increase in the
same phase. Then, phase change (liquid to gas) will
take place. During which temperature will remain
constant. After that temperature of oxygen in gaseous
state will further increase.

A O A
Oo0U0ImInO0oU oNononoooom o
DOCImOiomnodiooOOoormaO

PAL

24. P SW<0&P,>P,
> V
V, \V/
k(2A)(T, - T,
25.q, (Zl )
. kA(T,-T,) 9 1
9 2/ ~aq 4

26.

27.

28.

29.

30.

32.

33.

34.

Power radiated (LIUIOOC OO
Q=esAT* and A, T=b
So (300) T, = (400) T, = (500) T
= 3T, = 4T, = 5T,
and AI:A21A3:4:16:36:1:4:9
1 4 9

Q,:Qy:Q, “81° 256° 625 = Q, is maximum.

Net heat absorbed by water
OO oomom ooy

=1000 -160 =840 J/s
Q msAT

t t

160 Js*

2x4200 x(77-27)
t
=1t=500s =8 min 20 s

840 = 1000 Js™

Heat transfer in warming of glass of bulb due to
filament is through radiation.

(R s e
NNy

The temperature of sun is a higher than that of
welding arc which in turn greater than tungsten
filament.

(iR
Qnoomdriooonoooma

1 calorie is the heat required to raise the temp. of 1g
of water from 14.5 to 15.5 C at 760 mm of Hg.

(760 mm [I0IOI0014.5 U 15.5 ¢ D001l
Hihyel N NN RIRINNEINE

AV
VAT

PT? = constant & PV = nRT

Tv=

AT

3 —_— = _— —_— = =
= VoT v 3T = var T
p P p,M 4
P- PRI = oM, 3
2 p2 1
_p_ 4.2 8
p, 3 3 9

For two rectangular blocks

Qo oooDIioioronaoy
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35.

/ /
R :—:2R . = —_——
1 kA » R, 2kA

In configuration 1 (UI000100)

Equivalent thermal resistance = 3R

U000 00000 0o0nr=3ry
In configuration 2 (000100 20 Oy,

Equivalent thermal resistance = ER

ool oiomIonim= —
Rate of heat flow (JIUTOUINIUINN

AT AT
AQ =5t and AQ =Rt
3
AT 3AT
—t =—t,=>t, t, =2Zsec
3R 2R

Process FG is isothermal (DDDD FGl DDD]DDUDD
N (P)
so work done (DDDD_DD_UDDHD DHD)= nRT In Lp_f)

(szp\

= 160 PV, In2.

Process GE is isobaric (DDDD GE[000000L DD
So work done (DDDU:DDUDDDHD DUD)

= PIAV] = P |(V, - V)|
- P,1(32V, - V,)|
- 31 PV,

Process FH is adiabatic (UU0!FHL OOIOIO]
so (32P)V >* = (P)V,*® = V, = 8V,
Since process FH is adiabatic so

IOI0000FHI OODO0OTmOD,

(P, v.)| P8V, )-32P,V,)|

| (8 1) | (ﬁ_l)

3

=36P,V,

Process G—H is isobaric so work done

(00 c-H DO0DINI DO IO0T DO O
- P,[(32V, - 8V )|- 24 PV,

MCQ’s
2KkT _ 8kT 3kT
lov,=|—;v= Vo T[T DV <V
m mm m
Average KE of a molecule (DDUUDUDD:WDDUDDDDD:)
,E kT — i 2
T2 T g™

2. There is a decrease in volume during melting of an
ice slab. Therefore negative work is done by the ice-
water system on to the surrounding = W =-ve

R A O A MY W AW I
OUIbOtLOIOomIoOIoorIOmd oo Cody

Heat is absorbed during melting

0 A )
= Q=4ve= AU=Q-W = +ve

d

3. Radius of curvature (JOOIIOIO) R :((x S )AT

C,= R Always constant U000 0000

= v decreases with atomicity

Ao onOionomoonn
(Cp+ C) and Cp.Cv depends on degree of freedom

C, -
C
C,

therefore it will be more for diatomic gas

(c,+c) 0 c c,i0oiononom oo oilomon
0 O A

5. (i) For isothermal process curve should be hyperbola.
000 A )
(ii) Work done & change in internal energy are both
negative. (JOII0IUODI0IOIDIONOI0NIN000
ODIO0moOmiy

(iii) For higher pressure volume is increasing and lower

pressure volume is decreasing. (UJ0000I U100
O A A A )

6. (A) From 0 to 100 k the major part of graph lies
in linear region and very small part in non-linear
region, therefore to a reasonable approximation
between 0 K - 100 K, graph of C vs T is linear.

(0 0000k I0NI0DIONOOIMOIOIDITOIOIONTIROD
[T ror pooroiroioiimaiio k- - 100 K O
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00001000000 00000006E 0 T 000000 0000100000 8-

(B) by comparing area under curve

OIaIouooooboonoor Oioooo

L

(C) from 400 K to 500 K, Graph of C vs T become
asymptotic hence rate of heat absorption become

constant (400 K 500 KIOUICIOITIUIOOIOOOOT
00I00 C 00 O0tn 00D Om toioloo ooy

(D) The rate of heat absorption increases as C is
increasing.

«clOI0uonimn o001 000nmr oo odon od

ProcessJ — K (isochoric): W=0, AU<0 = Q<0
Process K — L (isobaric): W>0,AU>0 = Q>0
Process L — M (isochoric): W=0,AU>0= Q>0
ProcessM — J, W<0,AU<K0=Q<0

(A) Bimetallic strip : Works on the thermal expansion
of solids (different solids expands by different length
for the same rise of temperature). The energy is
converted to kinetic energy.

000 R A AN W
Qo0ooriOroooooCoonmOmrtenCoond
0RO OIonoOOItrrromom

(B) Steam engine mooooony

Energy is converted (heat-mechanical)
(C) Incandescent lamp (aooooo a
Heat — Light ; radiation from hot body.

(D) Electric fuse 000000 00OIO)

Works on melting of fuse wire on heating.

Heat — P.E. of molecules.

. Mg = (P, - P) nR? = P=P -

For (A)
Q=0,W=PdV =0 so AU = 0 = T = constant
For (B) :

1
PocV2&PV = lRT = V o —

Since volume increases so temperature decreases.
UIOIOoouooooomMmomooimia

For polytropic process PV? = constant

QOotmoIooorLngiieye =000

R R 3 R
2

C=Cr 1 "G 1273

R
Q = uCAT = u(g) AT = Negative

For (C) :
C=C + R :—ER = Q= uCAT
v 4 2
1-2
3
3
=-qu ER AT = Positive
For (D) :
PTVIT?T

Work = Area under PV curve — positive
AU — positive

Q — positive (given to system)

Comprehension #1
1.

When the piston is pulled out slowly, the pressure drop
produced inside the cylinder is almost instantaneously
neutralised by the air entering from outside into the
cylinder. Therefore the pressure inside is P,

(I o
(DD orOnoIrooiUioodCnoo
0 0 TN |
Qoainmonie oL

Mg

nR?

Since the cylinder is thermally conducting, the

temperature remains the same.

e

Mg
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O A Y R M)

(P, xmR? )
P (2L 7R)=P(y nR) =y- k%}(zu
3. Equating pressures (UIOI0I0)
IDOI"O

Py + pal,H) =P = ¢

Comprehension #2
1. Force due to the pressure of liquid = The buoyancy
force.

(010000l OOl oO=l0rooorody

y-1

P, 7
2. TP''=constant =T, =T, P
1

3 2
- (Po +p,g(H - y)jl - [Po +p,g(H - y>js
0 P, +p,gH 0 P, +p,gH

nRT.
3. Buovancy force (DU]DUDDDDDFfog: [P—zj P.S

2
__ nRpgT, [PO +p,g(H - y)}5
Py +pgH-y)| P, +p,gH

p,nRgaT,
2 3

(Po + ngH)g(Po + pfg(H - y)E

Subjective Questions
1. (a) ABCA is a clockwise cyclic process.

@aBcaAl U1 IIZD0I 00rooood

1

3P,

. Work done by the gas (U0 100N 00T OM)
W=+Area of triangle ABC (]DD]DDABCD gl DHDDD)

1 1
W =2 (base) (height) = 7 (2V,-V,) (3P,-P)-P,V,

(b) No. of moles n=1 and gas is monoatomic, therefore

0TI DI 000T =100001 00 00000000000 0T

c, 3 C, 5
—_—=— and—=§

3 5
C_ERandCP_ER:R 5 R

Y

(i) Heat rejected in path CA
Ul calUIIDIOTOO 10D

(Process is isobaric) (DDDDDDDHDUDDDD

. =C (vaf Pivij
- Qeu =CAT=C,T-T) =Cp =~
C
= ?P(vaf ~-PV)

Substituting the values (D:DDDD[DD DD)

5 5
Quy= 5 (PVy2PV,) = =5 PV

0°0

5
—PV

Therefore, heat rejected in the process CA is 5 PV

(0000 cal ONI0IOTO0N 00T gpovo 0]

(ii)Heat absorbed in path AB:
(I aBIOIOOOIIOI OO
(process is isochoric) (DDDUDDUDDDDDDD DD
Qg =CAT=C (T, - T)

. (PV, Pivij C,
=Cy (? "R/ R (PV, - PV)
3 3
=5 (PV, = PV)=5 (3P V,-P V) =3PV,

. Heat absorbed in the process AB is 3P V..
(000 aBI 01 OOITIOI OO0 3P v [ LILD)
(c) Let Q. be the heat absorbed in the process BC
DU scl Ol 000D DO @, J Of

Total heat absorbed (DDD]UUIDD oaa D]D:)
Q - QCA + QAB + QBC

Q= [—%POVO\J +(3P, V) + Qg

PyVo
2

Q= Q-+

Change in internal energy AU = 0

D00 0Dodooony

PV PV

Q=W L Qu+—=2=PV, . Qu =22
2 2

POVO
.. Heat absorbed in the process BC is 9

(00IsclOIDOIIOI L0
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(d) Maximum temperature of the gas will some where
between B and C. Line BC is a straight line. Therefore,
P-V equation for the process BC can be written as

UmUIoooootosctnitioimmomton

0= A =Y > T
P=-mV +c¢; (y = mx + ¢)
2P, 2P,

Here, M =V_o and c=5P .. P = _[ v, ]V +5P,

Multiplying the equation by V

2P,
PV = _£70] V?+5P\V (py = RT for n=1)

0

RT = —[Zﬁ] V2 +5P,V
v

0

=T=

1 2P, ., '
EFPOV— v, \% ].,(1)
For T to be maximum (TUDUDHDDDDU DHDUDUDD)

dT 4P, 5V,
—=0 - = V=22
v = 5P, v, V=0 = 4

5V
ie., at V=To(on line BC), temperature of the gas
is maximum

5V,
4

UIIv=—= 000 ecOiiimDMOmooaomD

From Equation (i) this maximum temperature will be

Q0000 @l LODDI O Coaooo oy

2
e Henle)- 24
max — R 4/ Vv, \ 4

~ 25P,V,
8 R

[O000 000000 I000O0 ¢ < t)
At t=0, T, =T =400K and at t=t, T ,=T =350K
Temperature of atmosphere, T, = 300K (constant)

This cools down according to Newton's law of cooling.

(L0000 OO0l T, = s00xI0I000O)
(OiDoorDoiroootooIdrbo0 o Conomonod

Therefore, rate of cooling o« temperature difference.

(00000000 e« OIOTOH

T,=300K

350 -~ 300
j = kt, = /n(2)

= ki, _‘€“(400—300

In the 1™ part, body X cools by radiation (according
to Newton's law) as well as by conduction (t > t,)).

(I0InI000000x I0000THIooOIOoboibiooomnang
OO0 0000 e > +,)0 000000 020 00000 0100 0

T=T,
Y

T,
X

Therefore, rate of cooling (JUILIIIDOUI LD
= (cooling by radiation) + (cooling by conduction)

=] 000000 O roooo ol oo o onoooo

In conduction (DJDD[D)% - @ _ c[ dT]

dT KA
[_Ej = E(T - TA)
where C = heat capacity of body X
(U0 c=1 00000 O 0oy

dT KA
. (_Ij =k(T_TA)+C_L(T_TA) (ll)
(_C;_D :(k +%) (T-T,) (i)

Let at t = 3t , temperature of X becomes T,
Therefore, from Equation (iii)

(U000 =3¢, [ 0000 000000 1 000 OO0 OIET 000000 i)
il

T, 3t
_dr__ —(k +&] J‘ dt
Lc/!

41



JEE-Physics

ALLEN
CAREER INSTITUTE

TZ—TA] [ KA) ( 2KA )
=—|k+—|(2t
= Zn[ [C 2t) = —| 2kt, + —— e t,

Tl _TA
, ( T, -300 )_ ornioy. 2KAL
= m {350 _300) 2@ "¢
= kt,=/n2 from Equation (i) OUIDM @I 0)

—2KAt

This equations gives T, :(300 +12.5¢ °t

) kelvin

3. The P-V diagram for the complete process will be
as follows (UUIL 0O0I OIIOO0p-vI OO IOI00 DI

P

A
P, C

5
P B
P, LA
i »\
Y v, v

Process A — B is adiabatic compression and
Process B — C is isochoric.

(00a—B U0NOOINIO0CMTNOO B — ¢ OOOIDOOO

ol
(b) (i) Total work done by the gas process A-B :

UOIrodiia- OUIDOT00DOO0DW)

PAVA _PBVB Pivi — vaf Plvl — szz
Wy = = = 5
v-1 v-1 24
3
VAL P,V] =P, V;
P1V1 _Pl 7 Vz Y
£ [renf)
= .. 2 _ 1
2/3 v,

Process B-C : W, =

2/3
3 v,
C Woy W + W= 5PV KV_] ‘1}

(ii) Total change in internal energy

(auonan oo do O oo oim,
Process A-B (0/000 A-B):
QAB =

0 (V= constant)

gooroorornoy

0 (Process is adiabatic)

AU, = -W

3
AB AB =§P1V1 |:(_
Process B-C (D\D DDB-C):
We. =0
AU, = Q. = Q (Given)

3 V 2/3
== 1 —
E A[J'l'otaleLJA]?;'—A[JBC - 2 Plvl |:(v2] 1} + Q

(iii) Final temperature of the gas

({00 O O0ooo ooy

AU

Total

R
= nC,AT =2 [—y _J (Te = T,)

2/3
" iPlvl [i] “1|+Q= R (T —pAVA)
2 v, 5/3-1 2R
3 v, ) ( P\/j
Zpv —1] -1[+Q=3R 171
32 1 1|:[V2 :| Q C 2R

Q Plvl vl 2/3
LT = aetantlot] =T,
C 3R 2R V2 final

. (i) Number of moles (11 LI OO

n=2, T, =300K
During the process A —» B

(000A — B[ LIOI)

PT = constant or P?V =constant=K(say)

LP==

N

W, .= jpdv j—dv

N
= 2KV, = Va1 =2[JKV, - KV, ]

W, | & =P

~2[ [PV, )V, - PLV,

= 2[P,V, - P,V,] = 2[nRT, - nRT,]
= 2nR[T, - 2T,] = (2)(2)(R) [300-600]
= -1200R

.. Work done on the gas in the process AB is 1200R.

UOOIaBIOIDMI OO IO O OO Oy
(ii) Heat absorbed/released in different processes.
00 R

Since, the gas is monoatomic.

IOlimoooroidmednny
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3 5 5 Al0IBl LIDIOI0000 LD Oy
Therefore, C, = 7R and C,=7R and y=7

2 2 3 we get m=0.495 kg.
Process A-B :
3 3 6. Given : N
AU = nCAT :(2)[§R) (TB_TA):(Z)[ER) No. of moles, n=2 v D
A [ ¢

(300-600) = -900R c o 3 C 5
~Q,,, = W, , + AU = (-1200R) - (900 R) v=yR&C=9R T 1 Z-2au
Q, ., = ~2100R(Released) , R, [rrerreremeerenss By,
Process B-C : (Monoatomic) v V4
Process is isobaric (JO010000I0100] To = 27C =300 K A

" Q, . = nC,AT Let V, =V, : o T >T

then V= 2V
5 5
:(2)(5}2) (T, _TB):Z(ERJ 2T, -T) and V, = V_ =4V,
(i) Process A —»> B :
= (5R) (600-300)
= 1 T, V
Q,,. = 1500 R(absorbed) (JUOIILL) V T :T_BZV_B
Process C-A : A A

Process is isothermal (DDDDDDD:DUD] DD p

AU =0 and Q_,, = W, =nRT_/n [i) LTy =T, [://_B] = (300) (2) = 600K

A
2
= nR(2T )/n [p_lj =(2)(R)(600)/n(2) =T, =600 K
1

(ii) Process A—» B :

Q. = 831.6 R (absorbed) (JUOLIIL) VTP = constant

5. Let m be the mass of the container. Initial temperature 7+ Qup = nCpdT = nC(T, - T)
of container, T, = (227 + 273) = 500 K and final

5
temperature of container, = (2)[§R) (600 -300)
T, =(27 +273) = 300 K

Now, heat gained by the ice cube = heat lost by the
container i.e., (mass of ice) (latent heat of fusion of ice)
+ (mass of ice) (specific heat of water) T = constant ..odU =0

U1 m QOO TOICOIOMOImOIO DO omo
T, =(227 + 273) =500 K

~.Q,z = 1500R (absorbed)
Process B —» C :

Ve

vl movum o)
5 Qpe = W, = nRT /n v, ) (2) (R) (600) /n 2V,

OI0T00M0IT, = (27 + 273) = 300 KIOM = (1200 R)/n(2) = (1200 R) (0.693)
00D OO om0 = OO MO omIoon = Qg ~ 831.6 R (absorbed)
0000MmIoOoID0OODo0OmIIOmonooom Process C - D
OooODooDInnOomnnonn V'~ constant

" Qg = nCdT = nC, (T, - T)

3

T
(300 K - 273 K) = —m | S.dT B ( )
1, =n(GR)(T, - T (T, = T, and T, = T)

Substituting the values, we have (JIIILIOI0D)

(0.1) (8 10% + (0.1) (103 (27) =) ER (300 - 600)
300 300 —
BT? = QCD = -900 R (released)
- _ A +BT)dT =_
ms!)‘o( 4T of 10700 m[AT+ 2 L)O Process D = A :

After substituting the values of A and B and the proper T = constant = dU = 0

limits
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QDA=WDA= nRTD /n (V—A]
4

V()] = 600R / (l)
o) AV

= (2) (R) (300) Zn[4v

Q,, ® -831.6 R (Released)
(iii)  In the complete cycle: dU =0
Therefore, from conservation of energy

I 00I0ldu=00 OO DOT O0IIT Oy

Wnet = QAB + QBC + QCD + QDA
W_ - 1500R + 831.6R - 900 R - 831.6 R
>W_-W,_ -600R

total

7. Given (UDDHU HD

4

M=100kg

Length of the wire (DHDU DHUD]DHD) /=5m
Radius of the wire (LIIIOINIO0O) r=2  103m
Density of wire (JILIONIOIN) p = 7860 kg/m?3

Young's, modulus (DD] Q0o DD:]D)

Y= 2.1 10" N/m? and specific heat
(000I00 oo

S =420 J/kg-K

Mass of wire, m = (density) (volume)

(0000 00 00 m=0 O0DI0000I0000
= (p) (mr?0) = (7860)(m)(2 10)5) kg=0.494 kg

Elastic potential energy stored in the wire,

(onoooooomoonao

1
U= E (stress) (strain) (volume)

=~ (000 (00D, (0D

= v=3 (52T -

[ae=F0)
AY

1, (Mgl)
=y Mo ey

5 (Mg) Al

1 M?g%¢
2 nr’Y

Substituting the values, we have (JIIILIOI0D)

1 (100)?(10)(5)
== - J
2(3.14)2 x10°)%(2.1x10")

= 0.9478 J

When the bob gets snapped, this energy is utilised
in raising the temperature of the wire.

O 0 o
OlOiroronoonos
So, U = msA0

U 09478

ms  0.494(420)

- AB = °CorK

= AB = 4568 103C

. Volume of the box (IIUILIOIOON)=

Pressure of the gas (UL OI0[)= 100N/m?
Let T be the temperature of the gas.

Il O ooron

Then ()
(i) Time between two consecutive collisions with one

wall (OIUIOII O 0T O0O0I0DOD O Coon OO

500 °

2/
This time should be equal to v

rms

20
OoIooo )

where ¢ is the side of the cube.

Q00 OO0 00 o0 o

2/ 1

2\7_:%2 v _=1000m/s (as /=1m)

rms

1/?’R—Tflooo
M

(1000)*°M
3R

_(10)°(4 x107)
~ 3(25/3)

~T= =160K

3
(ii) Average Kkinetic energy per atom =§kT

Qoo oiditooroor = —kT

3
=§(1.38 102%)(160) J = 3.312 10724
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(iii) From PV = nRT=% RT

We get mass of helium gas in the box,

UOIDIrn00I O AT o) m = %

Substituting the values we get (UII00IOI0DN)

(100)1)(4)

(25/3)(160)

9. Decrease in kinetic energy = increase in internal

energy of the gas

0OIDOLIO0N<10n Dronordroorio o

1 m)(3 Mv?
Emv(z) =nC AT = (M) (ER) AT - AT = 3R0

10.

(i) Rate of heat loss per unit area due to radiation
0 A )
[ = ec(T* - T

Here. T = 127 + 273 = 400 K
and T = 27 + 273 = 300 K

17
~1=206 3 10-%[(400)* - (300)4)= 595 W/m?

(ii) Let 6 be the temperature of the oil.
Then, rate of heat flow through conduction

=rate of heat loss due to radiation

(NI 00IDN0Nlel0MIOLOOI Ol Do DD Do Lo
000=0000000 00 D000 Lo oo Coon

temperature difference

-(595) A = (©-127)

(i)
KA
Here, A = area of disc; K = thermal conductivity and
¢ = thickness (or length) of disc (ULl A = OO L

J00OG; x = Q00IDIOIOOOT0 = DDoUOmomoom
Q0ammdy

thermal resistance =(595)A

g (6—127)% =595

595 %107

0167 +127 = 162.6 C

3
-0 = 595(}( +127 =

11.At constant pressure (JUOUIUOIOM)

V, [T, Ah, T,
VeT= 'y "1 =an T

. h,=h, (%} = (1.0)[;%) m=tm
1

V, _ Ty

As there is no heat loss, process is adiabatic.

O 0
i
For adiabatic process (UUIUIUOOIOIIOM)

vafy_l = Tiviy_l
(v.\y—l (h,\lA_l [4)0‘4
ST =T — =(400)| — =400| —
SN vy 3

12.When the temperature is increased, volume of the
cube will increase while density of liquid will decrease.
The depth upto which the cube is submerged in the
liquid remains the same, hence the upthrust will not

change.

CUDIOIIOmOrOoofooorooo oo
[o0momOmoriemOrD OO morroooo

U000l DooooooOomonoma

F=F

~ Vpg =Vipig

(V, = volume immersed (|:| am DHDDD))

PL
~ (Ah)p)@) = A(l + 2a_ AT) (hi’[lwAT)g

Solving this equation, we get (JOIUODIONOOIOIOIIN)
Y, = 20,

13.Rate of heat conduction through rod= rate of the heat
lost from right end of the rod. (JOIOILIOII 00O OO0
010000000 00 00000 20 doom tool Lo o
~ KA(T, -T,)
' L
Given that T, =T +AT

=eAo(T,* - T .00

4
LT = (T, +AT) =T (1 +AT—T]

Using binomial expansion, we have (0000000 Oy

AT
T24 = TS4 [1 +4T] (as AT << TS)
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LTy - TS = 4(AT)(T?)
Substituting in Eq.(i), we have (DDUDDD]D (i)UDDDDUDD DD)

K(T, - T, - AT)

3 = 4ecT . AT

K(T, - T.)
ool

= (4ech + 5) AT
L L

K(T1 _Ts)

- AT el T 4 K)

Comparing with the given relation, proportionality

constant (0D LIONMDOIONIDIDONOOIIDOOT)

~ K
 4ecl T’ +K

14.(a) From AQ = msAT

AQ _ 20000
ms 1x400

AT = =50°C

B} _ ;) i
(b) AV = VyAT = (9000 (8 109 (50)

5 107 m?

~ W =PAV = (10% (5 107) = 0.05J
(c) AU = AQ -W =(20000 - 0.05) J
= 19999.95 J

15.0.05 kg steam at
373 K % ,0.05 kg water at 373 K
0.05 kg water at
373 K _ % , 0.05kg water at 273 K
0.45 kg ice at
253 K % ,0.45 kg ice at 273 K
0.45 kg ice at
273 K% ,0.45 kg water at 273 K

Q, = (50) (540) = 27,000 cal = 27 kcal
Q, = (50) (1) (100) = 5000 cal = 5 keal
Q, = (450) (0.5) (20) = 4500 cal = 4.5 kcal

Q, = (450) (80) = 36000 cal = 36 kcal

Now since Q, + Q, > Q, but Q, + Q, < Q, + Q,
ice will come to 273K from 253 K, but whole ice
will not melt. Therefore, temperature of the mixture
is 273K.

OUIl0IQ+ >, ULl Q, +Q,<Q, + Q,
OOIOTOI273x Ol2s3 KIDNOOIOMIOOIONOIOO
00000000 0mO0Iin00 0no0 27300

16., oc  |so
) H 4(—540
3 (A P B=S
_Je L Jaoxl |
k(400-0)A
3 = m (80) ...(J)

kA (400 -100)

(Tox—L) ™ (40 ..

Divide (i) by (i) 1080 x = 120 L
wL=Ax . A=9

46

Node4\E : \Data\2014\Kota\JEE-Advanced \SMP\Phy\Solution\Unit 5 & 6\01.Thermal Physics.p65



