DCAM classes

Dynamic Classes for Academic Mastery

THERMAL PROPERTIES OF MATTER

EXERCISE - 1
For centigrade and Fahrenheit scale

F-32 c-0
212-32 1000

= C:@x(l40—32) =60°C
180

Let 6 = temperature on X—scale corresponding to 50°C
on Y-scale

375°C  -30°C
O — {-50°C
-125°C  -70°C
X —(— — (=
(-125) _ 50 -(-70) X = 1375
375-(-125) -30-(-70)

Slope of line AB
AC _ 100-0 100 _5

" AF 212-32 180 9

X —LFP
UFP - LFP
where
LFP — lower fixed point UFP — Upper fixed point
X-(-5) C-0 60+5 C

95-(-5) 100-0 ~ 9515 100 ~ ¢~ 6C

= constant (for all temperature scales)

If we take two fixed points as tripe point of water and 0 K.
Then

Lo0 o0 st =200, = 9T, =4T

200 450 0 xT eIy =IIXTA
Let at temperature 6, volume increases by 2% then
according to question

100=98[1+3.3x10(0-4)] = 6=60.4+4=64.4°C

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

AL =6 x 10’5:La9:>9:ﬂ =5°C
1x12x10°

AL=AL AL

thermal contact force

0> L=t
=X AY,

1 2

AL\NANN\\\Y

y/771717174

FL
o, o= A_Y2 (rod-2) = Y,0,=Y,0,

HINTS & SOLUTIONS

10.

11.
12.

13.

14.

15.

16.

17.

18.

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

Pressure at the bottom in both arms will be equal

( ‘P ) 00
k Po )'Elzk Po ng — y=—1 2

1+t 1+9t, 0t =1t
Strain

Al
== —0AB =—-12x 100 x (75-25)=—6x 107

Clearance =R'-R but 2nR'=2nR (1+ o AT)
= R'-R=Ra AT
=(6400) (1.2 x 107) (30)=2.3 km

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

0,0, AT 104-100 4

2 A _2
oo, AT

o, 3

106-100 6
For rod A AL = £, a,(100)

AL
Forrod B ) =2(,05(100)

Forrod C 2Af=xa.,(100) + (3/,—x)05(100)

) 4
= X—gﬂo&wo—x: gfo

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

= L 0, =05

Al :I Expansion in dx = .[ [(OLO +0L1x)dx]AT

- 100'[02(1.76><10’5 +12x107°x)dx

- 100[(1.76 x10°)x+(1.2 xlO"’)(XZ_Z]T

0

=3.76 mm

For simple pendulum T=2n
AT 1A 1
AT _1ar_ —aA0

]
N Y. _
\g ! T 27 2

Assuming clock gives correct time at temperature

6 1 6

% Yoo -20)8 —°O
% = 2423600 ~ 2% 20) & S—=mrn

1
5“(40_90) — 0, =30°C = a=1.4x10" °C™
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PHYSICS FOR JEE MAINS & ADVANCED

T,
19. o+ dl=aldT = Al=[ df=[(aT —bT?)¢,dT
Ty

=14, [%(Tzz _le)_g(Tzs —Tf)}—[%ale _73_bT13]£0

Y= Y. +304

20. y,=y,T3a,=7,+ 30, = a,= 3

——
IH\HHHHHHHHH’\
20°C [T
—l—>
<+— {,(1+200) —p

Lol

21.

40°C [
<+—{ (1+200;) —

1, (1420 )= £, (1420ag) = ¢, = [ﬂ] 2

1+20ayg
22. Newton's law of cooling

A0 _ k[6-6
ar KO=0]
0, = surrounding's temperature

= 80;6():/«[80;60—30} 0

and

60—5021{60+50_30} )

2

= t=48 sec

23. Let 0 =junction temperature
Net heat current at junction is zero
200
3k(100—0) +k(0—0)+2k(50-6)=0 = 6 :TOC

24. From Stefan's law : A Q = GAT*

leal 4.2J
—2><

S—m ca

=567x10°x1xT* = T=100K

25. 0 toc (xz2 fxlz)
For x,=0,x,=1 cm
7 oc (1%-0%)
For x,=lcm, x,=2cm

7 1
tec(22-1%) = 773 t=21 hrs
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26.

27.

28

29.

30.

31.

32.

Power
Area

Power absorbed by the foil = Intensity at foil X Area of
foil

= Intensity

P (oA, T*)
= P=—0_xA-= A
4nd? L 4 d? J
GAO(ZT)4 x A
——0— 4P
Now D= 2dy
R, = B dx
KA KA1+ ox)
§ X ;dx g
ly
l 4
_ dx 1 (/m1+ox)
RH*IdR”zjKA 1 - [ )
o l+ox) KA, o 0
1
= n(l+of,) or Check dimensionally
00
()
At ), At Jp
_ K,4(100-70) _ K,A(70-35)
N 30 70
Ky K, 1
=>K,= 5 = K, =5
Q_ e
" = oAT" = same but Ter<Tgrccrl
ash g T.q= kgrcchgmn (see VIBGYOR)

= Area of red star is greater

According to Wien's law

Ao UT = v, ocT.

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

J E.dvoecT?

Entire KE gets converted into heat.
AKE=msA® = 10x10x10=2x4200% A0
= A0=0.12°C

Rate of cooling of water = Rate of cooling of alcohol

. (250 +10)x1x(5) (200s+10)x5

130 67
= Specific heat of alcohol s=10.62




THERMAL PROPERTIES OF MATTER

w
w

36.

37.

38.

39.

40.

. Amount of energy utilised in climbing

mgh=0.28 x 10 x 4.2

. 0.28x10x4.2

= 2 m=
60 < 10 1.96 x 10" m=1.96 cm

. Ho=msAB=ms (1)°C

Hy=ms AB=ms (1)K=ms(1)°C
Hp=ms A0 =ms (1°F)=ms(5/9)°C
H.=H>H;

. M= mass of hallstone falling

m = mass of hallstone melting

As Mgh =mL.

S m gh 10x10° 1
oO—=—"=—=—
M L 33x10® 33

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

Heat lost = Heat gained
Mg, X 540=1100x 1 x(80—15)+20 x 1 x (80— 15)
.. mass of steam condensed = 0.13 kg

If intermolecular forces vanish water behaves as gas.

=250

45x%x10°
Number of moles of water = ;8

Total volume of water at STP
=224%250x 103 m*=5.6m’

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

=

_density
increases

density
decreases

For equation : ( p=P RT]
M

w

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

ud (. pRT)
For 2" graph : L p= M—W)

1
At constant P, p « ?

For 3™ hL: P _
graph L: a7 constant = P oc T

= density p = constant

41.

42.

43.

44.

45.

46.

47.

48.

49, V=

Heat removed in cooling water from 25°C to 0°C
=100 x 1 x25=2500 cal
Heat removed in converting water into ice at 0°C
= 100 x 80 =8000 cal
Heat removed in cooling ice from
0°to—15°C =100 x 0.5 x 10=500 cal
Total heat removed in 1hr 50min
=2500-+8000 +500=11000 cal

11000
110

Heat removed per minute = =100 cal/min

Volume can't be negative.
At constant pressure

VT orVa(t+273)
If temperature is doubled, pressure will also be
doubled as P = i?—T = 100% increase

w

Ideal gas equation : PV =nRT
P0
SoatV=V;RT,= > (VyandatV=2V,,

11P,V,
10R

4P,
RT,= (<% @Vy) = T,-T)=

3 . . .
Zth volume of air at 0°C occupies entire volume at 0,

As & = ﬁ
Tl TZ

3/4V \Y%

= = 0=171°C
273+60 273+6

3 3
Total translational KE = E nRT = E PV

Number of moles remain constant
ntn,=n'+n' = ﬂ“L il :Pl_'VlﬂLPZV%
RT, RT, RT' RIT]

PV PV (15P)W (1L5P)V
= ——t+——= +
273 273 Rx273  RxT
= T=273x3K=(273 x3-273)°C=546°C

3KT mv’ )
Voo =4 — = T=—2 = Tomy
m 3K rms

n,Cp, +0,Cy,

n,Cv, +n,Cv,

5R
2

7R
iCh="5"

y=15 .. Cp = 5

:7 ;thenn, =n,
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50.

51.

52.

53.

57.

58.

59.

60.

Here V=aT +b wherea,b>0

SoP=

nRT nR b b
= but — <—
aT+b a+b/T T, T,

soP,>P,

Change in momentum = 2mv cos(45°)

1
=2x3.32x107% x 10° x E

=4.7x102*kgms .

AU, = tve. AU,=0 = AU, =-ve
AU, > AU, > AU,
As volume increases, AW = +ve.

PV:nRT:P:MiRT

w

_PM,  (10°)(28x107)
Y 8.3x273

kg m>=1.25 g/litre

. PT" = constant & PV =nRT

AV

AV 12
VOCT12 :}7=12AT =

T N TUAr T T

. Internal energy and volume depend upon states.

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

decreases.
P AV is negative
Hence Cp—CV<O :>Cp<CV

AU=2PAV & W =P AV
S0Q=W+AU=3P,AV =3PV,

£ - fn, +fn, +fn, _ (5n)(3) + (n)(5) + (5n)(6) :@
« n; +n, +n, 5n+n+5n 11
Vo T* = Vec (PV)*

P*V? = constant = PV>* = constant

=3R+

= =3R+4R=7R
1-x

c=C+ 13/4
U=a+bPV=a+tbnRT

= AU =bnRAT =nC AT
=C,=bR=C,=bR+R

&_bR+R_b+1
C bR b

v

= Y=
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EXERCISE -2

Part # I : Multiple Choice

10.

2 2L, AL
DszLzth = 0=2L,AL,-——L
4

2L (o,L,0
:ozsz(asze)f—l(il 19)

All dimensions increase on heating.

= o, =4a,

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

AQvap = Aereezing
mmL) = M(L) =>M=mm

L = latent heat of freezing
m = mass of vapour
M = mass of freezed

Fraction of water which freezed

.M _ 2M _ n
m+M m+mm 147

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

(2) (o2
c, \ar AT AT

C, (AQ, (£+szj
AT AT AT

Water at 4°C has highest density

<1 (W, >W)

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

Q=AU+W

Q =-+ve, as heat is absorbed from the atmosphere
W=—ve as the volume decrease

S AU=Q—W =+ve—(—ve) =t+ve

.. Internal energy increases.

For insulated chambers n; + n, =n', + n,’

(final pressures become equal)

P 2P.2 P 5P
PV 2P2V P o, 5P
RT RT RT 3
For left chamber

5P
PV:P'V':?V' = V'=3—V

For right chamber

5P
4PV:P'V':?V':>V':12TV



THERMAL PROPERTIES OF MATTER

11. H,=(6cal/s)x(6-2)s
Hp=(6cal/s) x(6.5-4)s
Hy_4 _8
“H, 25 5
13. (i) PV?’=C =TV=C
If volume expands temperature decreases.
3

\Y%
(ii) P= KV? = ? = constant

If volume expands, temperature increases

»\/
(iyPV:=C (i) P = KV?

Q=AU+W
Q,>Q,as W,>W, & AU, > AU,

P2
14. — = constant
p

RT .
P=p ™ (Ideal gas equation)

PZ

= — (pRTj PT(Rj—constant
p p M M

The graph of the above process on the P-T diagram

is hyperbola.
For the above process

(P2} (P?) P. P

P
and PT, =P, T, = PT= "7 T,= T

2:\/§T

15. Q=AU+W =+Q=AU+Py(V,— V)

(1 1) (1 1)
Q=AU+ Py == -] = AU=Q:+ Ry ==~
. _bp
16. Ideal gas equation P = M.RT

PR

For state A P
or state T M

p

3
For state B 3P, = MRZTO = P=5Po

3RT

3RT W W2
7T T e

=

[SSARN)

p
LFJI—L ) 5 p/zzpfﬁ (i)

(i)

18.

. 4KT
Average KE per molecule inA& B = T

3RT 3RT
(Vrms)A: M_A; (Vrms)B: M_B
V \ 16M

No. of mole of A= M

fmole of B =1 = 1% =8n
No.ofmoleof B =7, = =

MB M A/16 .
Pressure exerted by a gas in the vessel depends on the
number of molecules present inside.

3RT 8RT M, 3rn
19. = / = = —Ll==
(Vrms)L (Vavg)R Ml TCMZ M 8
20 3 {ZRT.V_ {8RT.v B fBRT
. VP - M ) TCM " ¥yms M
21. Average speed
B 1+2+....+N N(N+1) N+1
Vave © N " 2N 2
rms speed
12 +2% +3% +......+N?
Vrms = N
_\/N(N+1)(2N+1) _\/(N+1)(2N+1)
6N 6
Vims _ [(N+1)2N+1) ~— 2 2 [2N+1)
—_ = X e —
Vi 6 (N+1) 6 \\ N+1
22. Q=AU+ W and AU =nC,AT
AU can be zero if AT is zero or Q — W is zero
23. FigA: W, =+ve FigB: W =+ve
FigC: W =+ve FigD: W,=-ve
. In process Fig—(D), heat is released.
24. For any process AU =nC,AT

In adiabatic process
Q=AU+W=0 = AU=-W
For any process

AW _Q _sU P(aY)
" nAT nAT nAT nAT AT
ForQ=0,C=0 (adiabatic process)
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PHYSICS FOR JEE MAINS & ADVANCED

25. At constant volume, work done by gas is zero. 33. Cp—Cy=R;M (0.20-0.15) =2 [M = molar mass]
26. Sl fisoth 1 _a_ P M*L*4O
- Slope of isothermal process m, =~ v = M=o =40g
Slope of adiabatic process c, 02 4 . +g
AP P Cp C, ! 0.15 3 f
S U o m = oomy
AV v C, = f=degrees of freedom =6
27. PV'=C; P +y/mV = /nC 34. Ans.(C)
= MmMP=—y/MmV+/MmC=y=mx+c AU, =nC(T,-Tp)
210-238]_ ;4 I 2 Rx (300 450)=(~225 R
= = ———————————— =—]. =]1x —RX — =(=
= METYT T (1.30-1.10) g R )=( )
‘. The gas is diatomic AU,z =nC(T5-T,)
_ - 3
28. Wap=(2Vo= VP =PV, =1x =R x(600—300)=+450 R
[Tsobaric process] 2
AU =nCv(T-Tp)
\Y/
Wy = [nRET,)n o0 =2P V. 2 3
Vo =1 S Rx(450-600) =~225R
[Isothermal process] AU, yop = AU + AU + AU = 0
3
Qu 2 0VotPVe g nR(T,-T,) _
"W,  2PV,./n2  A4/n2 35+ Wadiabatie =y _1
kx _
29. Final pressure = ?0 = le/g#fz) =6R =T,=(T-4K
Work done by gas = P.E. stored in spring = 1/2kx,’
Change in internal energy AU =|-AW|=1/2 kx’ 36. Work done in process 1-3 is greater than that in process
As gas expands, AT is negative. 1-2. While change in internal energy is same for both
processes S Q,>Q,.
30. Wope = Wopa
.. Net work done=W 5. — W =0 st oa T
37 p,
31. For constant pressure process Q 5 VP) m
=nC,AT =30nC, b 5
For constant volume process Q 5
5 V, V2,8 v Y
= nC AT = n(;cp) AT = AT=42°C=42K
Let V,=1nitial volume =2V = final volume
32. Work done = Area of ABC with V—axis V = volume of any state
=P,(2V,-V,)+0=P,V,=nRT,=RT
Ch;)nge (;n in(z[ernal en(;rgj)y = nC0 AT ' PRy /2 _P-Ry/2
v then Toy "~V "2y, -V
3 9
=1x=Rx(4T, - T,) = =RT,
2 2 nRT—PV—V{Si—iV}
Heat absorbed - S A
9 11 T-V curve is a parabola with vertex above.
) RT, +RT, = 2 RT, Hence temperature first increases then decreases.
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THERMAL PROPERTIES OF MATTER

39.

40.

41.

42.

. For sphere kA [—d—Tj =P
dr
= fcan=[4F = ar[

s =R o, )= —47tR2
4m\ nr,

Intensity in first case

P, oAT/
L= 47R? ™ 4na?
Intensity in second case

_ P, _oAT,
? 47nRZ  4nd?

oAT;

Given I,=1,= and’
T

_oAT, _ d, (L)
dnd) 4\ T

1

P
For body A P = cAT* = w= 100 = 6 x300*

P . \
ForbodyB = w s (0T*) €= (1-0.5-0.3) x [c x 300%]

=0.2 x 100=20 W/m>
For black body

A
xOng‘)T':lezT

P _oAT! - L pr—aer)2m)=32T
P GAT" 16

For surface areas to be same

a ’275
Ssphcrc: Scubc = 4TCR2 = 6(12 = E = ?(> 1)

Volume ratio
4 s
Vsphere g R 2R 6
Vv a a b

cube

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

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.

43.

44.

46.

47.

From Stefan's law of cooling :

dT
T.Y) =ms (——j
0) dt

= 1x58x107%x71x(0.08)>x (500*—300%
— 10%90x4.2 x (—d—Tj = ( de 0.067° C/s
dt dt

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.
Then,

ecA(T* -

do
(—d—j = tan¢, o. (6, — 6,) and
t 2

do -
(—] = tand, o (0, —0,)) = fan o, = 9, -6,
dt/, tan ¢, 0,-6,

. 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.

a(-5-6 = (Fl(-5)-0

[ fax i &
7 T ady
iT Q )
= —Tl T ocA'([dX ..(11)
: (=)
= Z;{E]: 2 L and Kn(L] =L&Jx
T,) | od T) |aA
x/L
=T= TI(T—]

From newton's law of cooling.

dT
AT =T, H = (——]
GA( o) =ms "

4 dT
= cdpr’[(T,+AT)*~T,"= Py nrc (_EJ

126T;
= Prc (T-

T
t T

dT
= K(T-Ty)dt=—dT = k|dt=~|——F—
(T-T)) J {n—m

126T;

= T=T,+(T,~Tye  whereK = %%

rpc
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5R
48. For the cube, net resistance :?

(Where R = thermal resistance of each side)

- 100-0
5R/6
For side A
E:]‘OO—_GA: eA:60°C
3 R
- T, -T
49, H:T1 Tz and 2H:% :>R’:§

(where R & R' are thermal resistances).
B 1
kA k'A
—+
3L 3L

R=L—37L = R

—+
kA kA

7k
= k'= 3 (k'=cond. of ADB wire).

50. Heat lost
=6A (T*-T,") =—cdnr*(T,* - T%)
d(mL) dv i

=pL—=pL4nr’
T e T

= —c4n® (T, - T*) = oL4m? %

= radius decreases with time
51. Heat current flow rate is uniform everywhere.
52. For same power of radiation

P,=P,=P. = ¢,0AT,*=ey0A T, = e .cAT

&A\T =AgTg=A T (€4:€5:€-=1 )

1.1
5

= JI,T. =T, or

veaTavecTe =eg Ty & YA he =4/Ag
53. T,=50°C; T =45°C

.. Heat will flow from P to Q.

KA(4 -0) 3KA(0+4)
10-x X
-4 C

54. Q= = x=75m

ICE |x 3K

WATER (10X K

+4.C

322

55.

59.

60.

R 1 _Ka
" KA R KA 4L °
L/2 L/2
, 1 3
R'==%Xa . KA ‘ZR
3L/4 L/4

H =T _1ow L®l
R

AT 4 AT 4
HH: 3R/4 —5?25X12 —16W

. Rate of cooling

= 46Ax T, (50-20)=10

d 46A < T *(35-20)= (—@]—ms(ﬁj
and 4o 0 (35-20)=ms at) " 60
60 X(lSXIOj i

= ms= 55 30 ) = 1s00Je°C

. Wien's displacement law.

AT, =%,T,=b=28x10"km
3000 x A, =T, % (A,)=3 x 10 km
A= 1pum& [y~ A,]=9 pm
A,=10pum

T,=300K

L

For a grey body
atr+t=1ifa=0.4,r=0.6
then t=1-0.4-0.6=0.
The body is opaque

i) G- KiAO+25) K,A@5-0)
tl t2

KA(0+25) KA(25-0)
2 3

= 0=-5°C

25C Q+25C

t=2 | =3

K K
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61.

62.

63.

64.

66.

A0+25) K,A(25-0)
tl t2

.. ~ K
(i) Q=

24(0+25) 3A4(25-0)
= =

> T —0=0C
'_TA—TB_ TA—TB _ kl.k2
T L L TR
A kA kA
. (100-0 ) }
FlgA 20 = Lﬁj X 4 (1)
74_7
kA kA
kA kA .
FigA:20=Q=(100-0) [+~ |t (i)

4/2
Equation (i) + (i) 1 = 7 t=1 min.

For an elemental spherical shells,

Q- K4Tcr2[——J Qj =—4nKdeT

2Q( j 4nK(T—T2)3rok - J

x, 4x 3x
KA 2K.A
thenf=1/3

&= T, - T, :KA(TZ—Tl):{KA(TZ—Tl)}f
X

. Let x=percentage of water solidified

then heat lost = Heat gained
=xx3.36x10°=(100—x) x 21 x 10°
100

=~ * 116

=86.2%

P=P,-aV?
From ideal gas equation
= RT=(P,—aV*)V (n=1)

PV=nRT

P,V —aV® P, - 3aV*
:T—{OV aV}:d_Tzoz(o 3av?)

R dv R

2
v = & and dT: 6aV
3a dv?

- _(Py—aVH)V 2P, /P
o max R 3R \3a

(<0)

67. He and Ne are monatomic gas.

68. Q,+36=Q,
- KA(100—9)+36:KA(9—4) —H o
L L
= 0=76°C

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

1
Hence N= —

5V, = aVy=2N

1% 1% (a ) 2
v :ﬁng(V)dv =E£C.LV—OVJdV=§VO

= Vavg :%
vV, 3
1% 1 L0 V2
V2, =—[VINV)dV == vzkiv dv = -2
0 0 vO 2
Vo _ 1
vV, 2

Area under the curve from 0.5 V, to V is 3/4 of total area

Vi
70. Q =W=nRT /n v

i

_ Q _ 1500
nR/mV,/V, 0.5x25/3x{n3

1500

=————=360K
0.5x25/3x1

71. At 30° true length is given by = SR (1 + a.
=100 (1426 x 107°x 30) = 100.078 cm
At 0°, True length is given by

AT)

zinc

SR(l + 0, AT) 100.078
- (1 +a

glassAT) (1 + 8 X 1076

=100.054 cm
X 30)

72. Length ¢ =¢,(1+aAT)=£,(1+20a)
Area A=A, (1+BAT) =6/, (1+40c)
Volume V=V, (1+yAT) = £,;* (14+30AT)=(,’ (1+600)

Po Po

Densit = =
Y PTIIVAT 11600

AV _V, (y -3a)t

73. 0=——
A0 Ay

323
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74.

AL
Tensile Stress = (Y ;) (7) =Y (O‘b - ocs)AT

=200 % 10° (0.8 x 107) (200)=3.2 x 108 Nm™
=0.32 GNm™

f 5
75. At normal temperature C = 5 R= ) R

76.

77.

78.

f
Atany temperature C —C= (5 + 1) - >R=R

from processT=k,V?  and
ideal gas equation PV =nRT

we have PV~! = constant = x =—1

=>C=C,+ =C +i:C +5

Vil-x Y 141 V2
5 R

Atnormal temperature C= ) R+ 5 3R

Required heat Available heat

10 gice (0°C) 5 g steam (100°C)

4800 cal 42700 cal

10 g water (0°C) 5 g water (100°C)

41000 cal

10 g water (100°)

So available heat is more than required heat therefore
final temperature will be 100°C.

800+1000 10

Mass of vapour condensed = 540 =3 g

=10+—=——=13—
Total mass of water = 10 33 133g

Total mass of steam

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

C =

Pmix n, +n, +n,
(4)[ZR] +2[éRj +1(4R)
B 2 2 —ER
4+2+1 7
) » AP AV
PV?=constant = P«cV? = —=-2—
P \Y
AP
= Bulk modulus K = _Tl =2P
\Y
1 2
As PV=nRT So K« ? and K oc T

324

79.

C=C +L—§R+ <0
SV 1-x 2 1-x
5-3x

<0 = 1<x<1.67
—-x

Part # 11 : Assertion & Reason

C 2 B 3 D 4 A 5 A 6 A 7 A
C 9 D 10.A 11.D 12. A 13. A 14.A
.D 16.D 17.D 18. A 19. A 20. A 21.C
A 23.A 24 A 25 A 26.A 27.C 28 A
A 30.A 31.A 32.B
EXERCISE - 3

Part # I : Matrix Match Type

1.

i

w

Isobaric process = P = constant
Isothermal process = T = constant

= AU =0 = U=constant
Isoentropy process

AQ
=AS= TZO:AQZO

No heat exchange
Isochoric process = V = constant = dW =PdV =0

When A & B are mixed ms (T —20)=(2m) s (40-T)

100
= T= TZ33.3°C

When A & C are mixed

ms(T—-20)=(3m) s (60-T) = T=50°C

When B & C are mixed

(2m) s (T—-40)=(3m)s (60-T) = T=52°C

When A, B & C are mixed

ms (T—-20)+(2m)s(T-40)=(3m) s (60-T) = T=46.67°C

!
LetRz-=RthenR,;=R,.=2RasR= A

100-T, T,-0
2R R

(5], (3, (5, -5,

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

= Ty=67.7°C

nR
slope of V-T graph = B

nR nR n n
From graph (—j > (—j = (—j > (—j
P A P B P A P B

. P
= Cannot say anything about Do g P—A

Ny B
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For(A) asPV= —mNv2, = ~EsoinP= = E
or(A) as = 3 mNVi = g EsoinP=E,

E is translational kinetic energy of unit volume.

For (B):

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

For (O) :

In W=P(V;—V,); w is work done in isobaric process.
For (D) : InAU=nC AT

AU is change in internal energy for every process.

As Q=nCdT and dT = Q
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 = %RJ , resulting in greatest slope

[de i :
— | lL.e.curve l.
Q

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

5
[5 Rj , 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.

Initially rate of heat flow will be maximum at A and

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

dQ .
In steady state Gt will be same.

dQ

—=-KA—=
In steady state at dx same
dT dT 1 dT
— =0 | —|c— = | —
dt dx A dx

will be maximum at B & minimum at A

&

RT
Isothermal bulk modulus =P = 7

A 5RT
Adiabalic bulk modulus =yP = 3v

Slope of PV graph in isothermal process
P RT

Vv
Slope of P—V graph in adiabatic process
®__5P

vV 3V

9.

10.

av,
W =] Pdv= [ 2vdv = (V)" =15V2=15 units
Vo
From PV =nRT, 2V?=nRT
= 2(VZ -V?)=nR(AT) = nRAT =30V,
2 2
AU =nC AT = "B _A7 =300 _ 30(1) _3%s)
y-1 y-1 7/5-1 2
=75 units
Q =75+15=90units
Molar heat capacity
R 5 R 5 R
=Cy+——=—R+ =ZR+—=3R
=G T T R T T2
3% 22~ 25 unit
= 3 = units
For (A)
Y UKA 2KA 2

No heat current flows through rod CD

R R 2R
2R/3
S E B E —_—
o B O B E
R/2 R/2 R

For (B)

R 2R/3
A B E

For (C)
Total heat current form A to F,
100-0 600
T Tk
—R
6
Let temperature of B be T then
_100-T, 600 T —700°C
R  13R _ B 13

R/2 13R/6 E

F= A

I

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

SoheatcurrentinBD—( 2R j =—1
R +2R 3
- TB—TDZEIZE 600
R/2 3 3\13R
p 2700200 500,

13 13 13

325
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p

11. P=—RT
MW
For (A):
ForAB P V=T V>= Top?
ForBC V = constant = p = constant
ForCA P = constant = pT = constant
For (B)
ForAB P o« T = p = constant
ForBC T =constant = P oc p
For CA P = constant = pT = constant
For (C)
ForAB P = constant = pT = constant
ForBC T = constant = P o« p
For CA V = constant = p = constant
For (D)
ForAB pocT= P o T?
ForBC T = constant = P o« p
ForA p=constant = Poc T
Comprehension#1

1. PcV=PV!=constant =x=-1

2. Q=nCAT=n(3R)AT =n(3R)(3T)=9nRT=9PV,
Comprehension#2
1,2 Let heat is supplied at a rate of k,cal/min then
k, x1=m(0.5)0,
k, x4=m(80)k, x 2=m(1) (6,)
= k,=20m = 0,=40°C, 6,=40°C
Therefore initial temperature =-40°C
Final temperature =+40°C
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.

2. From the phase diagram, at 2 atm & 220 K, Ais gas & B
is solid
Comprehension#4

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

2. The equilibrium remain unchanged but average distance
increases.

326

3. We have AraVg =

To

(1.0003 —0.9999]
2
(from equilibrium position)
Ar

= =0AT = a=2x10"/K

I

Comprehension#5

1. L et M be the mass of solid

1xM
2xp

.. Volume displaced =

s

M
Thrust force = P % gg = Mg SpL=2pg

s

2. If Viig ™ Vsolid Also p; Vg=Mg

AsTT, pLi, so V displaced T
Fraction of solid submerged should increased.

3. If fraction of solid submerged doesn't change, then
pV, (1+30AT)
(1 +vy LiqAT)

4. If h doesn't change
V=Ah .. y =204

= constant = v, =30

5. Ifvolume change in solid is zero.

\Y%
Let at T', solid sinks p, Eg = Vpsg(lnitially)

Finally p;Vg = Vpg= p2_0
Po Po 1
=P P iy AT=AT=—
Pr=iy,ar)” 2 "L o)

1
= Temperature = T+—
Yo

Comprehension#6

1. Attemperature above 4°C, temperature of water above
is less as compared to below as water is heated by
radiation of longer wavelength.

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.

Ldm AT -kA
dt X

,dm = pAdx

2
LpAdx _ ATKA _ pr_ — ATk xt
dt X 2

Thickness, X oc t!/2
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4. Transition ofice starts from the top & decreases below
to the bottom.
Comprehension#7
1. AsQ=n,C AT =nzC ;AT =n,C , =n5C 5
AP, 25 5
But volume is constant = —& = —& = =2 _2
n, AP, 1. 3
Cg _5_5/2R
= Cc, 3 3/2R
= Gas B is diatomic & gas A is monoatomic
5 125 5(60)
2. Asn,= 3 M SO _MA 3\ M,
=>5M;=4M, = GasA=Ar,gasB=0,
3. Number of moleculesinA=n,N,
12
= 4—05NA =3.125N,
12
4. U=nC,T= 4—; x%x 2x300=2812.5cal

Comprehension#8

2.

Ans. (D)
AQ 1x4200x2
AQ _ 1x4200x2 0 —sow
t 20
do 2 1
—=+K(T;-T,) = —=K(40) > K=—
dt (7 -T.) 20 400
40 t

do 40 1

————=+K|dt. n(20-0) =———t

JOD(ZO—B) l ; n(20-0)ly = -0
= zn(ﬁj——Lz = (=277

40) " 400 sors

Comprehension#9

1.

M =n1M1+n2M2 =5><4f-|-2><2:ﬁ

i n, +n, 7 7
c, =242  _mxp_f =357
" 7 2

—><2R+%><5R %x2R+gx5R
C, = ,C, =
V mix 7 P, 7
y, . =—m =156

4. Internal energy He=100J
Internal energy H=200J
while mixing, they don't interact
Internal energy of mix = (100 +200) J=300J

Comprehension#10
1. Stress developed at junction are same

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

So F/A= same.
3. Let shifting in junction be x towards right then

(A_ﬁ] 0o, AT —x [A_é] _ 1,0,AT +x
g 1 gl ’

L/, l,
ButY, (&) =Y, (&)
! !

1 2

0,0,(Y,0, —Y,0,)AT

Sox =

Y, 4, +Y, 0,
Comprehension#11
T,
T AL sz(@j(go)=87.9kcal
0, T, T 273

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

L 2 404

3. = =
P T,-T, 27

Comprehension#12

. AQ
1. Change is entropy = T

= Unit of entropy = JK!

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

3. After a long time disorder is increased.
Comprehension#13

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

, [ _Q_800-450 350 175

T m 6 6 3 e
Q _ 200 10

3. ST AT 6(240-150) 27 @l/g’C
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Comprehension#14

1.

Qpe=0=>AUp=—Wy.=—400]

2. For complete cycle Q=W
= Qu T Qe+ Qea=Wap T Wpc+ Wep
=700+ 0+ (-100) =700 +400 + W,
=W, = -5007
3. n= hxlOO:@x1002@=85.71%
nput 700 7
Comprehension#15
1. n=ﬂ=o.5 = T, = 560K
Tl
T/-T, T,'-280 2800
n':O7: T! = T; = 3
1 1
1120
= TlLTl:T
T, -T 600 —-300
20 My = L2 %100 =———x100=50%
Tl
T, 1 T 1
3. 1,]:17_2=_;n|:17 2 =_:>T _1000
T, 6 T,+100 3 2 3
EXERCISE - 4
Subjective Type
1. Here:
R d i
Y ¢ =L(1+a,AT) ..(0)
d ;
R ) o =L (1+o,AT) ..(i1)
EZ
2. h?=L,> - Zl = constant

2L,AL,
— 1

4
= 4L, (L,a,AT) =L, (L, o, AT)

= 2L, AL, -

2 2
= 4L%a, =L,

328

Temperature difference
Ry

(i) Thermal current=

1 K:A  K,A (K, +K,)a?
where R.. =—1l- 4 =2 —( ! 2)
H

14 l a
=(60+40)(3 x 102)=3 WK
= Thermal current
=80x3=240W
(i) Ratio of thermal currents

HCu KCu 60

Ha ~ K~ 40 ~

1.5

(6, —6,)t
4

Q=KA =mL = mx335x10°
0.54 x45 x6 x60 x 60

=0.01 x -
5x10°

=m=0.261 kg

Therefore mass of ice left in the box after 6 hours
=(4-0.261)kg=3.739kg

In steady state rate of flow of heat in the whole system
will be same.

KA(200-0,) 2KA(O, —0,) 15KA®,-18)
] B ¢ B ¢

= 200-0,=20,-20,& 20,20, =150, 27

= 0,=116°C,0,=74°C

(i) Temperature gradient

_T,-T, 100-0
1 1
(i) Steady state temperature of elementdx : T =100 (1—x)

=100°C/m

Heat absorbed by the element to reach steady state
dQ = (dm)s AT = (Adx)s(T - 0)

= dQ=20[100(1-x)]dx
Total heat absorbed by the rod

1
Q=[ dQ=2000 [(1=x)dx=10001
0
KA(20-10) 2KA(10-6)
=same So =

At / ¢
—20=10=0=5°C
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10.

11.

2.5cm lem  25cm

Power required

K A(T, -T,)

= =9000 W
( 2.5 1 25)){10_2

+—+
0.125 15 1

By using Wien's displacement law

b 289x107°
Am  15x107°

=1927K

Let m =mass of steam required per hour
Heat needed
=(10x1000kg) x (1cal/g) x (80-20)
=60 x 10* cal/hour
Heat supplied
=mx 1% (150-100)+mx 540 +mx 1x (100—-90)
Heat needed = Heat supplied
= 60x10*=600m= 1000 gm=1kg
(i) - P,=Pp
se oA, T, =y oA, T,

V4 001 %
eA B
= Ta=|—|T, =|——| 5802=1934K
’ [ ]A (0.81)

(i) According to Wein's displacement law

5802

@)M: Ag=3Xk,

AT, = ATy = A= (

A _

Also  AgA, =1lpm= Ay— 3 lum= A;=1.5pm

13.

14.

15.

When A & B are mixed
12°C

19°C

mS,12+mS;19=m(S, +S;)16 = 3S,=4S, (1)
When B & C are mixed

mS;19+mS 28 =m(S;+S)23 = 4S, =58,
when A & C are mixed

mS,12+mS28 =m(S,+S.)0 = 0=20.3°C

(i)

Heat needed to bring ice to freezing point
=10x0.2x20+200x%0.5%20
=40+2000=2040 cal

0
s=20.4s

Time taken to reach 0°C = 100

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

20.4
180.4
240

—20

8040
100

Heat taken in 4 min =100 x 4 x 60 = 24,000 cal
Let

Time taken to melt ice = =180.4 sec

0 = final temperature then
heat lost = heat gained
18040+ 10x0.2x0+200 x 1 x (6—0)=24,000

0= 24000 -18040

202 =29.50°C

Heat gained = Heat lost

100gm m gm
water steam
24°C 10°C

90°C
100 x 1% (90— 24)=mx 540+ mx1x (100-90) =>m=12 g
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16

17.

18.

19.

20.

Heat | t*itlmvzj
. cat 1oSs —4 2

Heat gained =ms(327-27)+mL
As heat lost = Heat gained

So i(lmvzj =msx300+mxL
4\2

%v2:0.03 % 1000 x 4.2 x 300 + 6% 1000x 4.2
v=12.96 m/s

(i) Attriple point (temperature =—56.6°C) & pressure
= 5.11 atm), the solid, the liquid & the vapour
phases of CO, co—exist.

(i) Fusion point & boiling point both decrease on
decreasing pressure.

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

(iv) (A) Vapour (B) Solid (C) liquid
P"=P'+5cos60°=(P'+2.5)cmofHg

For constant temperature process :

46 +44.5
P x (T) =P'x46=(P'+2.5) (44.5)

 44.5x2.5

=P 15

& P=75.4cmofHg

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

76 xV, 76 xV, _PV, PV,
273 273 335

273
= P=83.83cmofHg
. Am
No. of moles withdrawn =n, —n, = W
(Plvl _ P2V2]
= Am=M(n, -n))=M RT, RT,

300 x 8.314 290 x 8.314
=0.139kg

_32[15 x10° x30x10° 11x10° ><30x103}

330

21.

22.

24,

Let m = mass of neon gas then

m 28—m)
_(my from PV = nRT
n (20 40 /oM
105x027(2+2 _m)x8314x300
= <= 20" 40 '

my, =4.074g;m, ., =23.926¢g

&:0.4z>C = i=ER:> C =C 7R:§R
P04 2 T 2
(i) Atomicity =Monatomic,
Degree of freedom =3
3 C, 5
(ii) CV:ER:Yzazg

(iii) Mean gram—molecular kinetic energy

3
= ERX 300=450R

. (i) Dotted lines correspond to ideal gas

(i) T,>T,
(On high temp. real gas behaves as ideal gas)
-3
gig PY._mp o107 Lg314=0261K
T M 32x107°

For gas trapped in the tube

P, V,=P,V,=P.V,

(76-h) Al =(76-hcos60°) Al'=T76 x Al
66x 40=T1x('=T76x ("
(=372cm&

=
=

0"=34.7cm

(i) Let n =number of collisions per second per unit
area, change in momentum =2mv
Pressure exerted on wall = n (2mv) = P,
nx2x32x107°  [3x8.3x300 5

= 55— X =10

6.02x10 0.032
= n=195x107
(ii) If vessel is suddenly stopped then KE will utilized

in increase in temperature.

1
So 5 MV,?=nC AT

2nC AT  |2C AT 5
=V~ M UM =36ms

w
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RT, 2R P
26. Vy=Vy= 2= X2300=300R A s
A
D C
v, nRT, _ 2R x400 _, o 23\/0 e
P, 2
V.- nRT. 2R x400 — 800R= §V
¢ p. 1 30
nRT, 2R x300
V= = =600R =2V,
P, 1

For cyclic process
AU=0,Q=W

4V, 2V,
W, 5 =P (Vg-V,) = 2[ 2 0]><105= ‘

5, 4V 8V,
W ¢ =Py Vi 02 =2 10°x —= 2 =
C—>D C(VD C)
8V 2V
—105[ 0 3°J=—T°x1o5
WD_>A:fP V. 2 =—10°x2 x (n2
W= WA»B + WBAC + WC%D + WD%A 1152]
()..Q—1152J (i)W=1152]  (iii) AU=0
4
27. ()T, = p";% 2%;30 <10 _190.3%
n [7J><8.314
4 o
P(10°N/m?)
P.V o B . C
TB:%ZZTA:24O.6 K el [
51 A " D
10 20m™ "V

P.V
TC:%:2TB:481.3 K

D
=240.6°K

nR B

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

(iii) Process ABC :

W=PAV=10x10*x (20—10)=10°J

2000)( 3R
AU=nC AT = 2 )\ X (Te=T,)
=225x10°7 . Q=3.25x 10°J
Process ADC —

W =5x10*x(20-10)=0.5x10%J
AU =nCy (T-T,)=225%10°J
Q =2.75x10%

28. () P,V,=nRT,and P,V,=nRT,
< P,V,>P\V,
= nRT,>nRT,=T,>T,
For same volume, P,V=nRT,

T, <T,&P,V=nRT, 1%
=P, <P,
(i) P,V,=P,V,=2PV=P2V=T =T,
For state 3: R
LetV,=3V/2 op 2
P, =3P/2 then 3
P 1
_ SP 3V :2PV s
3V3T 9 9 T g vV 2V Vv
S Ty>T,&T,>T,

P-C
(iii) P=mT+C= ——=m

(p,-C) (P,-C)
- T, -( TZJ

From ideal gas equation

PV, _BV, . PV _T, _(P-C
T, T, PV, T, \P,-C
. C
Vi_ L B
= == <1 =V,<V,
C
2 [ —
[ sz
C c Vv
(iv) V=mT-C; VT+:\/2T—+
1 2
thenP,V, =nRT,
P,V,=nRT,= PV, _nRT, T
P,V, nRT, .
PR Vv, _(virC)( v, )
P, T, V, L A JLV2+CJ
5=(1+£}( L 1P,
2 Vl Ll_;’_g
2

331



PHYSICS FOR JEE MAINS & ADVANCED

29. (i) Work done by gas

30.

31.

50

8x10°
N/m?

1
-5 (4+8) x 10° x (0.5-0.2)

=1.8x10°J

4x10°
N/m?

>

02 05m Y

(ii) Increase in internal energy

nR(T, -T,) PV, -PV,

AU=nC, AT =

y-1 y-1
5
_(8x0.5-4x0.2)x10 _48%10°]
5
21
3

(iii) Amount of heat supplied
Q=AU+W=6.6x10°]
(iv) Molar specific heat of the gas

Q 6.6x10°xR

= oAT -~ (P,V, —Py,) ~ |7-1J/moleK

(i) W, <W,gc (Area under PV—graph gives work)

(i) U, =10J Py
Que=2007
1 P O - S
AWAC:EX(672)X(15+5) 10+ ¢
1l n
4x20 ° , .y
= 5 =40]J 2 4 6

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

=U,=200+10-40=210-40=170J

(i) Qup =AU+ W 5= (Ug—U )+ W,
=(20-10)+0=101J

P“

(@) A (i)
P, P, A
r y v
PJ2 [~ g8 PJ2 [t ——1B

Vo 2V, v T2 T, T

Ve
(iii) Work done by gas W, =nR(T,) /n W

=3RT,(n2
PO
Whe = 5 (Vg=2V))

P,V, -nRT, 3
Ty T TR = Waso
W pea =RT, (3% 0.693—1.5)=0.58 RT,

AQpca=Wapca=0.58 RT,

332

32. Given

that

T,=1000K n=1

2
PB: (gj PA,Y:5/3

2 2/5
PC_[g\J PA’ (Ej =0.85

1

For process A—B

P.'T) =Py ' T}

nen )

B

1-y

3
2

]72/5

=1000x0.85=850k

For Process B — C

Py _Pe

TB TC
_ nR(T, —T,)
O W,,p= yAfl 2

1x8.314 x (1000 —850)

P, 1
=Te=Ty|p. | =850x 5 =425K

=1870.2J

E-i

(i) AQy_ =AU ,+AW,  =nC,AT+0

3 3
=05 R(T-Ty)=1% 5 x8.314(425-850)

=-5300.175J

(iii) For process A — B

P,V =P,V = [

Vs

For ProcessC —» D
PV =PpVyY

=

(Se) () -2
A v,) 2

At end points A and D

=Py
TA

Py

TD

e,

1000

3P,
2
TD

v
I] B

)

P, 3
— = P=—P
PC D 2 C

= T =500K
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33. (i) For adiabatic process T,V,"' =T,.V,""
=300 V3! =T,2V)* = T,=189K
(i) Change in internal energy

3
AU =nCyAT=n— R(T,~T))

3
=2x 5 % 8.314 x (189-300)=-27671]

i) Work d b _PV,-PV, nR(T,-T,)
(iii) Work done by gas = — = 71
=27671]
PAL
A, B [Mm=Ty
34. (i) EC
i vV
(ii) Process AB
VA VB VB
T, T, = Te=y, Ta=2T,=600K
Process BC

TBVBY_I = TCVCY_l
= V.= g0./2 Litre=113L

PVa _PoVe _

For end states A & C T, T,

nR

= P.=0.44x10°N/m’
(iii) Work done
W5 =P, (2V;~V,)=nRT, =600 R; Wy
nR(T, — T,.)

3
-— "3 nR(600 —300) =900R

35. For polytropic process TlVln’l = T2V2“’l

nflzl n-1 — n—1
=TV 5 (5.66V)"™ =2=5.66

Taking log both sides /n2=(n-1) {n5.66
2

=>n=14=1+ T = f=5

(i) .. Degrees of freedom=15

(ii) Work done by gas
PV =PV, PV -P,(5.66V)
Cooy-1 141

=12.3PV

1 14
Wh PV, =P V,"=P :P(—j
ere )V, 1V =5, 566

36. PV'=constant = (10°) (6)**=(P,) (2)**
= P,=(10°(3)"" Nm™
_ PV, -h,V,
===

(10°)(6 x10°) - (10° x3°%)(2 x 10°*)

=-972J
S
3

PV (1.6x10°)(0.0083) 16
RT  (83)(300) 3
Heat is supplied at cosntant volume

So Q =nC,AT

37. Number of moles n=

ToT 4 -2 300+ 2.49 x10*
DA YO —(16J(SR]

3

2
=300+375=675K

2 TZ
As V =constant So —= = —=
Pl Tl
= P,= (@] (1.6 x 10%=3.6 x 10°Nm™
300
38. (i) For a cyclic process

Q+Q+ Qs+ Q=W+ W,+Wi+W,
= W4:Q1 +Q2+Q3+Q4*W17W27W3
=5960—5585—-2980+3645—-2200+825+1100=765J

W. W+W,+W,+W,
.o n = =
(ll) Qgiven Ql + Q4

~ 2200-825-1100 +765
a 5960 + 3645

=0.1082

n,Cp +nzCy

39 Y= rlACVA + rll-:‘CVB

o W5r)n (7]

=15 = = ng =2 mole
13 (1)[§R) +ny [§R)
2 2

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

Process BC can be represented by straight line,
y=mx+C
So P=mV+C
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41.

42.

Putting point B & C gives
3P=2mV+C (i)
= P=6mV+C .(i1)

P
So subtracting 2P =—4mV Som=-_——

2V
AP
B
3P
A
2P
P C
v v v >V

P
F i)P=———.6V+ =
rom (ii) P ou 6V+C = C=4P

Hence we get equation as

y :(_ij+4p
2V

where y is pressure and x is volume of gas.

..(1if)
Putting y from above. Now we have

P
xy=nRT = (—sz + 4Px) =nRT (V)

For maximum temperature j—T =0
X
= (—Z—Px + 4ij =0
2V
Hence x =4V Putting in (iii)
Weget nRT, =2P(4V)=8PV

8PV
ST ™ = = x=8
nR
PT = constant = P?V = constant = PV'? = constant
For thi C=C,+ R C,,+2R
r this pr = —_— =
0 s process vi1I1/2 v
5
=C,,=37.35-2(8.314)=20.722= ER
iR* ER f=5
= 2 = 2 = I=
Slope
P
=— y—:ftan37°:> m_P =tan 37°
v \Y

o () (22930
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43.

44.

45.

_ _Pv_(10)(07) g
PVERT == o = 25/3)(3) 25
nP
B
A c
>\
For process AB

W=0,Q=AU= nC AT

—[ij (ERJ 300 3—29—7—1485J
“lz5) (27 BO0-3)= =~ =148

For process BC
[jgtga
25 3 [300-3]

5
3
For process CA = AU =0

nR
Q=0,W= 'YTI (T-T,)=

il Va)
W=nRT /0| 7> | =-6.9Jand Q=W =-6.9
C

Th Leffici W, 148.5-6.9 0.954
ermal efficiency = = =0.
y Q sup plied 1 48 . 5

P,A+Mg=P,A T,=300K
Extra force needed n=1

P, 2V
= P,A -P/A —Mg
=P,A-P/A-P,A+PA o
= (AP,)A —(AP)A n=1

nRAT nRAT 5000
= -——A=""2N\N
\Y 2V 3

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

2500

25
W =nRAT=(1) [?j (100) ===

AU =n(C, —R)AT =nC,AT —nRAT

25 500
=1000—(1) (?) (100)=—=J
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46. New length of | *E+Lfih
- New length of gas column = o + 7= = 7~
New volume of gas
—(ihj A—iV P=P,+kx
“\16 /7T 16 V0T T

s 9 15
As PVY = constant so P,V,'> =P EVO

64
= P= EPO:PO'H(X =kx= EPO

h h 37
But kx=(3700) (E] s0 (3700) (E) = [E) (10%)

Now T,V,"'= T,v;
9 0.5
= (273) (Vy)** = (T)) [Evoj

4
=T,= §><273:364K

48. Final volume of chamber =V, +Ax =3.2 x 10 m’

. . kx S/ 2

Final pressure in chamber =P + N 2 x 10°N/m

PV, _BV,

From ideal gas equation
Tl T2

(T, )
TZZ(PZVZ)LPIVI | =800K

0.1
K
Work done by gas = I (PO +XXJ Adx =12017J
0

Change in internal energy AU=nC AT

P
= AU= {1—\/1] [ERJ AT =600J
RT, /\2
Heat Supplied =120 +600="7201J
49. (i) For the right chamber

Ly (243P) g
P, Ty = | 55 T

N2

9
= T,=—T,; and
4 T, (gTJ
4 0
9 32 8

:—X—V = —
= V2T X a3 Y0

For the left chamber
P P,. 243
L/ where P, = ——F,
T, T, 32
8 46
V, =2V, _EVO :EVO
T, [243 )[46 ] 9x23
= x| ——P, —V =
= Timpy, a2 )27 ) "1 To
=1294T,
(ii) Work done by the gas in the right chamber :
9
1x R(T -=T )
P,V,-P,V, _nR(T,-T,) _ 070
SR
3
3 5
= _EXRX ZTo:*I 875RT,
50. LetVg=V, N
ProcessA— B P B c
TA VAy—l :TBV\{—l (Let)P >
=Tg=909K D
Process B — C
Ve _ Ve A
T, T, ¢ 27K Vo 8V, 16v,

ProcessC—D:

TV =TV ' = Ty =5511.15K
Heat flow

ProcessA—>B Q,z=0

ProcessB - C  Qp=nC,AT

7
=1% 5 R(T~Tp) = 185156.937)

ProcessC—->D Q=0
ProcessD - A Qp, =nCvAT

=1 (gR] (T,—Tp) =—108313.753]

.. Efficiency

work output Q- Q_,
Heat input Q.

:[1_108313.753j < 100%
185156.937

n=41.50%
Note : please read V. /V, =" instead of V/V,=2in
the question.
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51.

52.

rv Constant temp = 400 K

0, |, Block

0 /-»disc

0 = temperature of disc

0, = constant temperature

KA(6, —6)
L

de
Heat utilised by disc = ms m

(where s = specific heat of disc)

350 t
(40 KA®,-0) :>I & _ KA G
dt L 3009079 mSLo

Heat input to disc

= m

= t=mSL /n 0, ~300 = t=166.32 sec
KA (0,-350

Heat flow for three sections will be same.

27°C 0, 0, 0°C
—— - —— -—>
1st . 2nd
Air Space
PANE PANE | 5uT SIDE
Room
27-6, 6, -6, 6,-0

[L} (L) ‘(L)
KA 1stPane KA A.S. KA

= Q,=2648°C; Q,=0.52°C

2ndPane

Heat flow rate
@_ 27-6, _27-26.48
dt (L] (0'01] —41.6 watt
KA 1stPane 08 x 1
A
I 95°C
5°cH5
B c
| v
5°C 95°c| | h h,
| |

Pressure at the bottom of A— B limb :
P, + pysgh, = P + psgh (1)
Pressure at the bottom of C—D limb :

Pyt pgs gh=P,+psx gxh,(Py=P) (i)

2
Solving we get, y=2x10#°C! . a= 3" 104°C!
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54. For each state

3P,

3P,(7V,/2) 3PV,

TC TD

7 21
=>Ty= ETO;TC: 7T0 = T,=3T,.

.. Heatabsorbed = (nC,. AT), _, 5+ (nC AT);_ -

=n4R (%TOJ +n3R(7T,)=31.0R T,=31P,V,

7
Work done=(3P,-P,) (V,— 5V, =-5P,V,

2
VO VD
. n,=no. of moles in vessel-1

n, = no. of moles in vessel-2 @:-:@

P, = initial pressure in both vessels
P, = final pressure in both vessels.

n
N

Initially
volume of vessel-1 = volume of vessel-2
nRT, nRT,
P, P,
Finally, V, = n,RT, &V, = n, RT, _ (an\\ T,
Pz Pz L P2 J
AL 2B &V, +V,=V,+1A
v, T, 271 17 Y27 Yo

Displacement of mercury droplets
V-V, 4 (vo +2A
A 546\ A

56. In free expansion, temperature remains constant

AL

j=0.26m

v 3V
............. }
<
. PV,
Initial temperature T)= ———
nR
After compression T (4V)" ' =T(V)''!' = T=2T,

(R )
y—lJ

Change in internal energy AU=nC,,.AT =n L
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58.

AT — nR(2T, - T,)
y-1

_nRT, PV,  (2x10%)x(107)
1.5-1)

e v =400]

. Work done by gas

j. P,Adx + j. kx.dx
0 0

2

kx
=50J=P,Ax +

k
=50=10°x4x1073x0.1+ 5(0.01)

Spring constant = k =2000 N/m
Heat supplied
Q=AU+W=nC,AT+W

nRAT
y-1

_ 2x8.314 x50
5
3

Let h; = empty space over Hg—column

+50 =1295]

For constant temperature process
P, V,=P,V,=4 xh =5h,

where  h;—h,=1=h,=4&h,=5
True Faulty
Reading Reading
73 69
75 70
74 x

(i) Total length of tube
=69+5=74cm or 70+4=74 cm
()i When faulty barometer reads 69.5 cm.
P, V,=P,V,;4h,=4.5h;h=4.44
.. Truereading = 69.5 +4.44=73.94
(iii) When the barometer reads 74 cm
P,V,=P,V,=4x5=(74x)’ = x=69.528 cm

. For equilibrium
m,g mo,g
Al +pgh0: A2 —i—pgh0 m‘I I,
1 2 T h, T
h, h,
m, = 2kg,m, =1kg l l 1
: h=0
21
Al AZ

m,;g > m,g

For final equilibrium
A 2 A 1

m, block will fall down
For constant temperature forces and pressure being
constantV, \%

initial — Y final

hoA, +hyA, = h A, +h,A, = h,=30cm & h,=0

7
60. 8, =372°C;0,=-15°C; 0, = 157°C Yo, =
H, He | CO,
= (>l —>l— (>
For the H, gas
PV, PV, _ PAl_PxA/ 0
RT, RT, 645R TR
For the He gas PAL = PxAl, -(i0)
258R TR
For the CO,gas oL _PxAly (i)
430R TR
L 8 _ 1 6 _430_ 1
0, 645 25 0, 645 15

=0+ 0+ 0=30= /0 (1+25+1.5)=3¢
=/¢,=0.6and (,=2.5/(,=1.5(
£,=1.5x0.60=0.9¢
For the entire system AU, +AU,+AU;=0
_ AR(T-T) nR(T-T) nRT-T)_.
7, -1 (v,-1 (v; 1)

Px0.6(~Rf  (Px1.5(~Pf) (PX09(—Rf) _

G G G

13
=—P
12°

61. For the process

U :aN:nCVT:ngRT: aJV

2
:nRT:PV:gaN = p:%

2l

Ve

= W=_[PdV=§a(\/V)V‘
~ AU=a(JWV), =100

4
W= EAUZSOJ
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62.

(i) wW=80J
Q=AU+W=100J+80J=180J
AU+£AU
(ll) C:AQ :AU+W: 5
nAT nAT nAT
- 2[&) _2.°%r-2R
5\nAT 5 2 2
For compartment C

av, Y
PV’ =P (Toj = P= %PO = Po-Toy/H =p.TV!-

27 , 3
P, T, = (;Poj xT? > T==T,

2
For compartment A
27 PV, PV
p="fp — 00 _"T1"
A g0 RT, RT,
27 4\10)

TSPO[ZVO_ 9 XRTO *T*ET
= 1 R Povo 1 4 0
For compartment B
PV, _ PV, PVs _ BV, p— 21P

TO Tl 1 0

S

(i) Final pressurein A %Po
Final pressure in B % P,

. .3
Final pressure in C 7 P,

21
(ii) Final temperature in A= T T,

2
Final temperature in B = e T,

. . 3
Final temperature in C = 5 T,
(iii) Heat supplied by heater = (AU + W) all chambers
Q =AU +W)+(AU,+W,)+0
= (AU, -W,)+ (AU, +0)

= AU, + AU, - W,

_ nyRAT  n,RAT _(n,RAT)
v, —1 Y, —1 Y;—1
17

17
=5 P,V,+ o> PV, +P,V,=18P,V,

338

(iv) Work done by gas in chamber B =0
Work done by gas in chamber C

_ —nRAT
=AU = v -1 =-P,V,
Work done by gas in chamber A
= (_) Wchambcr = _(POVO) = POVO

(v) Heat flowing across piston —I

EXERCISE - §

Part#1: AIEEE/JEE-MAIN

1.

The temperature of gas molecules depends on the
average kinetic 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.

[3RT
Ve Sal——
rms M

Where T is the temperature of the gas molecules in
kelvin and M is the molecular mass of the gas

Ty, T,, Ty, 320
Vg, = Vs, = = —2 = —4=—
oo M, M, 2 32
= T, =20K
n+n, 0 N n,
y-1 v, -1 y,-1
I E3 DR B
y—1 (5/3)-1 (7/5-1)
2 3 5 3 24
= " -—="4-=4 D> y=—="—
y-1 2 2 2 16
GivenP oc T3
" PV=URT
. Poc (PV)) = P*V3cP = P?*V?=constant
C, 3
= PV*? = constant = ¥ —a—g
. 5
Monoatomic n, = 1 Y, =§
. . 7
Diatomicn, =1 Y, =g
mtn, oM onp - _3
Ymix_l '}'1_1 '}'2_1 2
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10.

11.

12.

13.

n1+n2 _ n, n

= +

Y mix -1 Y1 -1 iz
Number of moles in 16 g He =4
Number of molesin16 g0, =0.5

2

-1

YHezg Yo, :g

On replacing Ny No 5Yher Yo, 7V, =1.62

mix

We have, molar heat capacity = molar mass % specific
heat capacity per unit mass
C,=28 C, (for nitrogen) and C, =28 Cy,
Now C,-Cy=Ror28C,-28C =R
R
28

U=U,+U,= (n;+n,)C T=nCT,+n,CT,

:>CC

T (PV, +P,V,)T,T
(P,V,T, +PVT
7.
f v,M 5
\/vz 5
3"
460 _ |21 v, =460, 22 s
v, 25x8

Energy of the diatomic gas

gnRngPV=g><8><104 xizsuoﬁ

Q=msA0=0.1x4184x20=8.4kJ
(nlelT1 +r12Cv2T2 +n3Cv3T3)

=(n;+n,+n;y) CVmaxT

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

n, +n, +ng

As Cy =C, s0T=

Specific heat at low temperature is

T 3
c, 32(4()0] = Q=j m.c.dT

_ [ 100 32( )dT
~J207000 400

32 1 (T_“)
" 10 (400)3 4

32 1
B B Yy
10x(400)° 4
__ 32 3xlx(160000—256)
10x(400)° 4
=0.002kJ
B: T2 :& 20 002
T-T, W 30020 W
= W=0.028kJ
= 30; 4=&“§)2 — W=0.0148KJ

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

PT I Vacuum

——
v/2 v/2

PV /2
KT

Number of moles n, =

Finall ber of moles n _PV
inally number of moles n, =——

n, =n,

PV PV . P
—=——>=>P'=—
2 KT 2
15. 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.

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

L_

17. n=1-
n T,

T
= 2=0=T,=00rT=w
Tl

Which is not possible

18. Heat can't flow from the body at lower temperature to
body at higher temperature is a consequences of second
law of thermodynamics.

19. The instantaneous thermodynamic state of matter is
denoted by pressure, volume and temperature.
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20. T =627°C =627+273 =900K

source

T, =27°C=27+273=300K

sink

Efficiency (N{krk)

T,
(n)zl _Csink _@:1_3
TSOU)’CB 900 3
Work

2 0
(n) _Z_ utput

3 Input " Heat Input

2
= 3 x Heat Input = Work

2
=3 3x10° x 4.2 = Work
= Work=8.4x10°7J

21. Internal energy and entropy are state functions and not
path functions.

22. Assume T, >T,

[ET
_l_l—

Heat given = Heat taken
wmCy (T=-T)=1r2Cy, (T-T,)

— — Plvl — pZVZ
IlcrcCVl =C,, &p= T, M=

2

23. The first law of thermodynamics does not introduce the
concept of entropy.

24. Heat supplied Q =Area FBCEF

A

T= 2T, B
1
T=T, YR C
iF E
Sx: S, S;= 28(77

1
=T(S,-S)+ ) (T,-T)(S,-8)
Work done W = Area ABC
1
=5 (T T)S5S)
1

W (T2 =TS, =Sy
Tl=6= 1
T, (S, —Sl)+5(T2 -T)S, -S,)

CT,-T, 2T, -T, 1
T,+T, 2T,+T, 3
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25.

26. -

27.

28.

29.

30.

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.

Hence AU, =AU,
n,C, T, +n,C, T, =(n,C, +n,C, )T,

B nlCVl T, + n2CV2 T,

n1CV1 + nZCV2

f

o7,

3 0) 6RT, 3
5 3 4R 2
I1x=—R+1x—=R
2 2

1 ><§RT0 +1 ><§R(7
B 2 2

Work done in adiabatic process

W:HR(Tlsz) = Y:1+R(T2_T1)
y-1

1 200x8307) g a0- a0

a 146x10° 7

*. The gas must be diatomic

Let n is the efficiency of heat engine and f is the
corresponding coefficient of performance of a
refrigerator working between the same temperature.

The relation between 1 and f3 is

Output
-1=10-1=9 AISOB:Inp—ut

.
n

Energy absorbed from the
reservoir at lower temperature

Work done on the system

Energy absorbed
10J

So, energy absorbed =90 J

B=9-=

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

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

W,z = Work done in isobaric process
= pRAT =2R x (500 -300) =400R
Work done on the gas =—400R
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31.

32.

33.

34.

35.

36.

37.

W, = Work done in isothermal process

P
=2.303 uRT 10gp—1

2

1x10°
=2303 %2R %300 log a 0
X

=2.303 x 2R x300 x (- 0.3010)=—414R
Word done on the gas =—(—414 R)=414R

Wascpa =Wapt Wpe T Wep + Wiy

2
= HR(500-300)+2.3034R (S00)log 5 + HR(300-500)+2.303

1
uR(300) 1og— =276R
Work done on the gas =—276 R
Tp=T,T.=T,y=14
V=V, V=32V
T,V =T V!
T. T, (V)"

-2 _, B

T (V)

(1)"1 :
82/ T4
=1 E—1 l—2—075
L SR
1.2
EMV =—RAT and
y=1+— AT—(Yil)MV2
L1 L5

6 .6
and 1 T,-62_1 T,-62_2

| 3 T, 3

By solving equation (1) and (2)
T,=372Kand T,=310K

AV =V, (30)A0
4 3 6
= 5 (31410 [3x23 X 10°] [100-0]

=289cc

Stress

Strain = L6 =at and Y =
1

= Stress=Y at

Strain

(D)

Q)

38.

40.

41.

42.
43.
44.

W = Area bounded by curve =PV,
3 3
Qup =nCyAT =n x ERX AT= EPOVO
5
Qpc=nCp AT =nx ERX AT=5P,V,
Total heat supplied

3 13
= 5 PV 5PV = 2PV,

2
w PV, )
n = Q x100= 13P,V, x100=15.4%
1 100 = 40 =1 Ty =T,=300K
it J 100~ 500 >
60 300
Again 100 =1- T =T,=750K
1
2T,
b, 4T,
P, - 2T,
v, 2V,

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

3RT,
_0RT DR oy =Bkt = 13p v,
2 2 2 2

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.

Black board paint is more close to a black body.
Infrared radiations are detected by pyrometer.

The power radiated by a sphere of radius R at
temperature T is
P=ecT*(4nR?)
Where
€ = emissivity of the material of sphere.
o = Stefan's constant
T = Absolute temperature
R = Radius of the sphere

2000/ \4 4* 16

452 4 2
- %:TlRl :[M] [l) (ph)x L 16 _
2

T'R;
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45. According to Stefan's law, power radiated by a perfectly

black body is
P=GcAT*, P=oc4nR’>T*
P, (R)(T,)
P_ L JLT_ = P,=64P,
X, 4x
46. T 2K T,

X
R,=Resistance of left part = ——

KA
R ~Resistance of right part = — = 2%
,=Resistance of right part = KA - RA

X 2x 3x

Total Resist R +Ry =t =—
otal Resistance hy,; kA KA KA

T,-T, K(T,-T)A

Thermal current=

3x
o . 1
Comparing with the given result f = 3
47. Rate of flow of heat
AT (T,-T,)
=KA [E) =K (4nrr,) | -,
48. According to Stefan's law
Earth

Sun

&

Power radiated by Sun = o(47nR?)T*
Intensity of the sun received by the earth

@

Power of the sun
= 2

4nr
c4nR*T* 3 oR2T*
4ir? r?

=

Radiant power incident on the earth = I(nroz)

where (Trro2 ) is the projection of the earth's area receiving

P= GR:ZT4 (nroz)

the energy from the sun.
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49.

50.

52.

53.

Let the temperature of the interface be T,

T, 4 T, IR T,
KI Kl
Temperature difference
Thermal current (I) = -
Thermal resitance
Th I resist 1l
ermal resistance = -+

Tl *To Tosz
= =
(/KA 0, KA

Lo _KOT KT,
KL, +K Y,

In steady state, temperature decreases linearly along the

bar. ic. 92 _ga (dej
dt dx
do
. Rate of cooling = T k(6-90,)
de de
= —kdt =—| kdt
0-0, =I5 0, ]

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

stress

Y= = stress = Y X strain

strain

g =Y(aAT) = F=YSoAT

Therefore force by one part on other part
=2F=2SYoAT

By Newton's Law of cooling T=Tg+ (T~ Tg)e ™
Ty — Temperature of surrounding

Ty — Temperature of body at t =0

K — constant

T — Temperature of body at time t

0

So graphis ¢,
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) _dQ 150 4T 20 4T
54. () As, fJ‘TfmsJ.?-i-msJ‘?

100 150

150 200 3 4
=In|— |+In|— | =In|=|+In—
100 150 2 3

As, = In2

- ps, _J~$_11J2..5$+ 1'2|_5 $+

100 112.5

112.5 125
=In +1n +.
100 112.5

W
n

. u=HOCT4:>P_l(EJ
v v

Adiabatic expansion

Y
TV'=K = TV4 =C

¥ 1 4 3
TV¢=C = TV} =C= T[—nR3j =C

Tocl
R

56. mean free path

1
y L
V2rd*n

no. of molecules
n = o

volume

e T.Vr1=€

57. T, atmid point

s3. AL o e

T
12 40-6
4 0-20
30-60=40-0
40=100
0=25°C

1 1
ATZEOLAOXT; 4:§0c5X864OO
8x10° 8000
oAy S0
5% 86400 4320
o=1.85x107/°C

59. Pv"=k
R R

c=C+— ; C-C,=—

V  1-n V. 1-n

R R
l-n= ; n=1-
Cc-C, Cc-C,

~c-c,-R  C-C -(C-C)
"Tcoc, 0" c-C,

C-C,-C, +C, c-C,

C_CV . v

Part # 11 : IIT-JEE ADVANCED

1
1.  Average rotational KE =2 x 5 kT
(for diatomic gas)

2. Initial conditions P,V=n,RT,P,V=n,RT

Final condition  (P,—AP)2V=n,RT

(P, 1.5AP) 2V =n,RT = 25T _ Ap
2V
2V n, 15 3 m, 3

3. ForA:Q=nC,AT=(nC,) (30)
For B : Q=nC,AT =nC,AT=nC(30)

G

= AT =(30) (C

7
j =30x £ =42K

\4
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4. At2880K : -4
g
b 2.88x10°nm-K =
Ay === =1000 100°¢
m ST 2880K i
0°C
E U, -10°C =
Q, QrQ). (QHQHQ) ,
. Heat supplied

H H P
500 1000 1500 . ™M)

Therefore U,>U, & U, > U,

- Rt 10. W,>W,>W,
5. * Vsound ~ M RY;
w V, "

Vv,
VN, Yn, My, _ (7 1 4 3 3 11. As P = constant
= X = |[=X—X—X—=—
Vi My,  Tw 5 28 1 5 5 5 AV R 1
PAV = nRAT ===
S0 PAV=RRAT = 0= 0T TPy T
(2)(§R]+4(§Rj
7nlc\/1 +n,C,, _ 2 2 _11R YRT v, m,
6. Cy = = = 12. v y=.]~— So —+= |—%
n, +n, 2+4 6 My, Vy m,
11R
U=(0;+10,) Cy,py, T=(6) [~ ) T=11RT s0°c
v
7. T,V =T,V butV=AL " e .
Tl (v2j5/31 [L2)2/3 90°C
So =—=|—+ =|—
TZ vl Ll
kA(90—T)+kA(90—T)_kA(T—O)
8. AT, =A,T,=A,T,=b so T, >T, >T, ‘ ‘ ‘

= 90-T+90-T = T= 3T=180 = T=60°C

9. The temperature of ice will first increase from —10°C to
0°C. Heat supplied in this process will be: Q, =mS,(10) | 14. IfdW=0,dQ <0thendU<0
m=mass ofice = The temperature will decrease

S. = specific heat of ice . . .
i~ 5P 15. As ¥ ..o > Vg4 502 — monoatomic & 1 — diatomic

Then, ice starts melting
Temperature during melting will remain constant (0°C) 16. For complete cycle

Heat supplied in the process will be Q, = mL AU=0soW=Q=5
L = latent heat of melting = W,y + Wy + W, =5 But W .=0&
Now the temperature of water will increase from 0°C to W5 =102-1)=10 = W, =5-10=-5]
100°C.
Heat supplied will be Q, =mS_(100) 17. At constant temperature PV = constant
where S, = Specific heat of water dv v
Finally water at 100°C will be converted into steam at SOPdV+VdP=0= P P
100°C and during this process temperature again
remains constant. Temperature versus heat supplied _ dv/dP 1
. = B= =
graph will be as follows Y,
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18.

19.

20.

21.

22.

23.

24.

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.

For same temperature difference less time is taken for
X, thismeanse, >e,.
According to Kirchoff’s law

Al = Ady = 1,0, AT = £,0 AT

Zl a’s Kl a’s
= — = = =
l, o, 0, +71, o, +o,
P A P A
A — &
C B B C
T v
Zkgice (-20 Q Bkg water (20 O
4 20 keal 4 100 keal
Zkgice (0O 5kg water (0 O
4 160 keal
2 kg water (O O

= Final temperature 0°C

100-20
80
— Final mass of water =5+1=06kg

Amount of ice melted = =1kg

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.

PL
P,
P, = W<0&P,>P,
> V
vV, VA

k(2A)(T, - T,) N L:kA(Tl—TZ)
4 ‘ 4 20

a,
:}—:

q 4

26.

217.

28.

29.

30.

32.

33.

34.

Power radiated
Q=ecAT*and L T=b
S0 (300) T, =(400) T,=(500) T,
= 3T,=4T,=5T,
and A :A,:A;=4:16:36=1:4:9
0.0t . 4 9 N
QA.QB.QC781 556 625 = Qg is maximum.

160 Js '

Net heat absorbed by water
=1000—-160=28401J/s

Q _ msAT
t t

1000 Js '
2x4200 x(77-27)
t
=t=500s=8min20s

840 =

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

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

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.

_ AV
VT VAT
PT? = constant & PV =nRT

LA AT v 3

TVeT =T T ovar T Y
p=Prpr_ R_pM, 4 p 4 2 8

M P, p,M, 3 p, 3 3 9
For two rectangular blocks

/ /
R =—=2R:R=—=R
LkA > Ry 2kA

In configuration 1
Equivalent thermal resistance = 3R
In configuration 2

2
Equivalent thermal resistance = 3 R

Rate of heat flow
AT AT
AQ, :3—Rt1 and AQ, :gtz
3
AT 3AT 2
= —t,=——t, = t, =—t = 2sec.
3R 2R 9
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35. Process FG is isothermal

(P)
so work done = nRT In LP_J
f

(32P,)
=32PgVyIn | =5 | = 160 PyV, In2
0

Process GE is isobaric

So work done

=PIAV]|=Py(Vg— V)| =P((32V,— V)| =31 PV,
Process FH is adiabatic

50 (32P )V =PV, = V=8V,
Since process FH is adiabatic so

|(PaVi —PeVi )| (P,8V,)-32P,V,)|
I B
Process G—H is isobaric so work done
=P,I(32V,—8V =24 PV,

—36P,V,

36. A 37. B

MCQ’s

1.v

2kT _  [8kT 3KT _
P: ?’V_ E’Vrms: ?:VP<V<Vrms

3 3
Average KE of a molecule = 5 kT= 2 MV

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

Heat is absorbed during melting

= Q=+ve = AU=Q-W =+ve

d
Radius of curvature R = m

C,—C,=R Always constant

C—p =7 decreases with atomicity

v

(Cp + C,) and C,-C, depends on degree of freedom
therefore it will be more for diatomic gas

(i) For isothermal process curve should be hyperbola.

(i) Work done & change in internal energy are both
negative.

(iii) For higher pressure volume is increasing and lower
pressure volume is decreasing.
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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 — 100K, graph of C vs T is linear.

(B) by comparing area under curve

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

constant
(D) The rate of heat absorption increases as C is
increasing.
BD
1% 3I§T Flx SRT
E . = =2RT
o 1+1
Cpmix =3R
3
Ymix — E
Moo b2 YRT
mix 1+1 =52 = V= MW
mix ’lex MHe — }EXEXE — E
VHc YHe me 2 5 3 5
1 M 1
P I P S
e M Vi, M, 4 2

Change in internal energy

PV, = nRT,

3
AU = nC,dT = n(; R)(3T1 -T)

N | W

R (T)) = 3nRT, SooptionB
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AU=3P,V,

PV, _ nRT,

PV, 1RT,
PV, nRT,

1

P,(2V,) nR(3T)

[
3/2 P, |-

dV=V,-V,=Ax=V,

Vl
X = —
A

3
F=kx=(P,~P)A = kx= (EPI PIJA

10. C 11. A

Match the Column

1.

Process ] — 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<0=0Q<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.

(B) Steam engine

Energy is converted (heat—-mechanical)

(C) Incandescent lamp

Heat — Light ; radiation from hot body.

(D) Electric fuse

Works on melting of fuse wire on heating.

Heat — P.E. of molecules.

For (A)
Q=0,W=PdV=0s0AU=0= T = constant
For(B):

1
PocV’z&PV:uRT:Voc?

Since volume increases so temperature decreases.

For polytropic process PV? = constant

:C +LZER_R:E
1-x vV.1-2 2 2

jes]

C=C,+

R
Q=uCAT=p [E) AT =Negative
For (C):
Cc-C,+-R ___3R Q-puCAT
-4 2
3

3
=—qu (E R) AT =Positive
For(D):
ptvtT?t

Work = Area under PV curve — positive
AU — positive
Q — positive (given to system)

Comprehension #1

1.

3.

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 Py,.

Mg
nR*
Since the cylinder is thermally conducting, the
temperature remains the same.
v

Mg=(P,~P)nR* = P=P —

vP
P
Mg
P, x TR? \(

—0 T i(2L)
P,mR% —Mg

(
P, 2L x tR*) =P (yx nR?) =y= L
Equating pressures

POLO
0
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Comprehension #2

1.

Force due to the pressure of liquid = The buoyancy
force.
11
P,)
T'P'~'=constant — T, =T, [P—Zj
1

3 2
=T [Po +p,g(H — V).jl T [-Po +p,g(H - y)]5
o' P, +p,gH o0 P, +p,gH

nRT,
Buoyancy force = Vp,g = P p.g
2

[

__ nRp,gT, {Po +p,g(H —y)}
Po+pgH-y)[ P, +pgH

p,nRgT,
2

N 3
5

(P + prH)g(Po +p,a(H -v)

Comprehension #3

1.

D 2. D

Subjective Questions

1.

(a) ABCA s a clockwise cyclic process.
P.

3P

Al C

P,

Ly
v, 2V,

.. Work done by the gas
W =+ Area of triangle ABC

1 1
W= By (base) (height) = By (2Vy-V,y) BP,—P) =PV,
(b) No. of moles n=1 and gas is monoatomic, therefore

3 5 C, 3 C, 5
Cy= ERandCP: ERz R 2 and R 2
(i) Heatrejected in path CA

(Process is isobaric)

_c (vaf Pi\/ij
‘. Qe = CpAT=Cy(T~T) =Cp (o=~
C
= ?P(pfvf ~-PV)

Substituting the values

5 5
Qea= 2 (PyVy—2P Vo) =— 9 PyV,

5
Therefore, heat rejected in the process CA is 5 P,V,.
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(ii) Heat absorbed in path AB:
(process is isochoric)
2 Q= CAT=C(T;—T)

PV, PV) C
:CV( ;af "R j = RV (PVi=PV)
3 3
=~ PN PV )= BPNV PV =3PV,

.. Heat absorbed in the process AB is 3P,V
(¢) Let Qg be the heat absorbed in the process BC
Total heat absorbed

Q=0Qcs+Qupt+ Qpc
Q= (—%POVOJ +(3P,V,) + Qp.

P,V

Q= QBC + %
Change in internal energy AU =0
PV
. Q =W . QBC + 02 L = POVO
POVO
= . Qe = 2

PV,

‘. Heat absorbed in the process BC is

(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

P=—-mV+c;(y=mx+c)

Here, m :2\/& andc=5P;, .. P = —[z\f"]v + 5P,

0 0

Multiplying the equation by V

PV——(&] V2 + 5P,V (PV=RT forn=1)
v,

0

RT = —[&j VZ+ 5P,V
VO
ot 5P,V _ 2Py e ()
R V,
For T to be maximum
d_T _ 4P, 5V

0 = 5P)- 2, V=0V == 2

0
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5V
Le,atV= TO (on line BC), temperature of the gas is
maximum
From Equation (i) this maximum temperature will be

R it (5\/0)_2&(5\/0)2 _25P,V,
max 0 -
R 4/ v, \ 4 8 R

In the first part of the question (t <t,)
Att=0,Ty=T;=400K and att=t, T, =T,=350K
Temperature of atmosphere, T, = 300K (constant)

This cools down according to Newton's law of cooling.
Therefore, rate of cooling oc temperature difference.

T=300K
X
dT) dT
l-—=KT-T — = kdt
( dt ( A):T—T d

A

T

dT t -
= J' =—kjdt N gn[@] = _kt,
T-T ! T, - T,

T A

350—300) K 2
200-300/ ~ K=

In the 11" part, body X cools by radiation (according to
Newton's law) as well as by conduction (t > t,).

= kt; :fén[

T=T,
Y

T,
X

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

In conduction ﬂ = KAT-T,) =C (_ﬂ)
dt L dt
dT) KA
— ) =—=(T-T
( dt/ LC ( »)
where C = heat capacity of body X
de KA
—— | =k(T-T,)+—(T-T
( dt ( a) CL ( a) (1)
dT) [ KA)
— | =|k+—|(T-T
( dt CL ( a) .(111)

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

T, 3t,

dT KA
{T_TA =—(k+Ej;|:dt

T,-T KA
(BT (e

TI_TA
[y 78,
LC
[T2—300j_ Sy 2KAL
= M350 -300/ " 2@~ ¢

= kt,=/n2 from Equation (i)

—2KAt,

This equations gives T, = (300 +12.5e -

) kelvin

The P—V diagram for the complete process will be

P, c
.
P, B
as follows b A
v, v, Y

Process A — B is adiabatic compression and
Process B — C is isochoric.
(b) (i) Total work done by the gas process A—B :

_ PAVA _PBVB _ Pivi _vaf _ Plvl _szz
y-1 y-1 é—l
3

WAB

v P V/ =PV,
Plvl _Pl [vl) vz

v
= 2 S P2 = Pl (ﬁj
2/3 v,
v-1 5/3-1
P RS IR T R
2 v, 2 v,
2/3
NET A
2 v,

Process B-C : W .= 0 (V= constant)

3 vl 2/3
5 W =Wap + Wpe = —§P1V1 |:(V_ZJ -1
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(ii) Total change in internal energy
Process A-B

Q.5 = 0 (Process is adiabatic)

3 A
AU =W =PV, Kv_l] -1
2

Process B-C
Wy=0
2 AUp= Qg = Q (Given)

3 V 2/3
. AU =AU AU = 5 PV KV_:J - 1} +Q

(iii) Final temperature of the gas

R
AIjTotal = nCVAT =2 (Yj] (TC B TA )

2/3
2R P,
. iplvl (&J _1 +Q — (Tc_ AvAj
2 v, 5/3-1 2R
3 AR ( PV)
= —PV —1] -1|{+Q=3R| T, -2
2" IHV } 0 ° 2R

2/3
e 2P
"€ 3R 2R\,

~ *final

Number of moles
n=2, T, =300K
During the process A — B

4. ()

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

p_JK
NG
Vg VB\/E
W, [PV = [ =dv
ABVIA V{JV

= 2JKIWV, —V, 1 = 2KV, - KV, ]

= 2[ P2V V, — P2V, OV, | (K=P2V)

=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.

350

(i) Heat absorbed/released in different processes.
Since, the gas is monoatomic.

3 5 5
Therefore, Cy, = E Rand Cp= 5 R and y:§

Process A-B :

AU =nCyAT = (2)@ R) (T,—T,)= (2)@@

(300-600) =—900R
Q, g =W, 5z +AU=(~1200R)—(900R)
Q4,5 =—2100R(Released)

Process B—C :

Process is isobaric
Qp_,c =nCpAT

5 5
= (2)(512) (Te —Ty)=2 (ER] 2T, -T,)
= (5R) (600-300)
Qp_,c = 1500 R(absorbed)

Process C-A :
Process is isothermal

PC
AU =0and Qq_,, =W, =nRT.In (E}

2P,
=nRE2T,)/n (p—lj =(2)(R)(600)(n(2)
Qc_,4=2831.6 R (absorbed)

Let m be the mass of the container. Initial temperature
of container, T, = (227 + 273) = 500 K and final
temperature of container,

T=(27+273)=300K
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,=(227+273)=500K
T

(300K -273K)= -m [ S.dT
Ti

Substituting the values, we have
(0.1) (8 x 10%+(0.1) (10*) (27)
300

=-m f (A+BT)dT 6f 10700 = -m {AT +

500

BT2 :l300

500

After substituting the values of A and B and the proper
limits

we get m=0.495 kg.
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6.

Given: vA
No. of moles, n=2 W, D, .

3 5
CV :ER&CP =ER \ %=2and
(Monoatomic) o B %):
T,=27°C=300K Vo[t *
Let V,=V, »T
then Vp=2V, T T

and Vp=V.=4V,
(i) ProcessA—B:

VoI = 12 Ve
TA VA

T, =T, [%} = (300) (2)= 600K

A

Ty=600K

Process A— B :
V o« T = P = constant
Qup=nCpdT =nCy(Tz-T,)

(i)

= (2)(%1%) (600 —300)
- Qup=1500R (absorbed)

Process B—> C:
T = constant .". dU=0

V. 4v,
Qe =Wy =nRTy/n [V—B] =(2)(R) (600) /n [Ej

=(1200R)/n(2)=(1200R) (0.693)
= Qg ~831.6 R (absorbed)

Process C > D
V = constant
2 Qep=nCydT=nC, (Tp,-T.)

=n @R] (T,—Tg) (T, =T, and T.=Tp)

=(2) (% R) (300-600)
= Q¢p=—900R (released)

Process D > A :
T = constant = dU =0
W - Va
QDA*WDA* I]RTD En v—

D

Vo

=(2)(R) (300) /n (W} =600R /n (%}
Qpa #—831.6 R (Released)

(iii)

In the complete cycle: dU =0

Therefore, from conservation of energy

Wiet = Qag+ Qae T Qep T Qpa

W, =1500R+831.6R-900R-831.6 R
= W_ =W .=600R

total

Given

Length of the wire /=5m

Radius of the wire =2 x 10>m

Density of wire p= 7860 kg/m?

Young's, modulus

Y =2.1 x 10" N/m? and specific heat

S=420J/kg-K

Mass of wire, m = (density) (volume)
= (p) (nr?0) = (7860)(r)(2 x 107)*(5) kg=0.494 kg

Elastic potential energy stored in the wire,

M=100kg

1
U= 5 (stress) (strain)x (volume)

_1(Mo)(a) ey L
U—2 ey N7 (rur E)—Z(Mg).M

F 2 2
(Aé:_g] =l(Mg) (Mzgﬁ) _1IM f 4
AY 2 (mr?)Y 2 mrfY

Substituting the values, we have

1 (100)*(10)*(5)
2(3.14)2 x107%/(2.1x10")
When the bob gets snapped, this energy is utilised in

raising the temperature of the wire.
So, U=msA0

J=0.94787

rg=J - 09478 .. ¢
ms  0.494(420)

AB=4.568 x 107°C

Volume of the box = 1m?

Pressure of the gas = 100N/m?

Let T be the temperature of the gas.

Then

(i) Time between two consecutive collisions with one

wall =

500 >

This time should be equal to 2t

js R -9-9-9-9-9-9-9-9-9-94
vvvvvvvvvv

where / is the side of the cube.

2¢ 1
~— %00 = Vo= 1000n/s (as /=1m)

rms
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/3RT
— =1000
M

T (1000)*°M _ (10)°(4 x107®)

3R 3(25/3)

=160K

(ii) Average kinetic energy per atom = %k]‘
= % (1.38x102)(160)J=3.312x 10"

(iiii) From PV =nRT = % RT

We get mass of helium gas in the box, m = %
Substituting the values we get
= 100XDA) o o

(25/3)(160)

9. Decrease in kinetic energy = increase in internal energy
of the gas

-~ Iz —nc AT = [2) (ER) AT .. AT =
2 M/\2

2
Mv,

3R

10. (i) Rate of heat loss per unit area due to radiation
I=eo(T*-T,"
Here. T=127+273=400K
and T,=27+273=300K

- 1_7 -8 4 41 2
1=0.6 % =X 10°*[(400)* - (300)*[= 595 W/m

(ii) Let O be the temperature of the oil.

Then, rate of heat flow through conduction = rate
of heat loss due to radiation

temperature difference ~(595)A
thermal resistance

(0-127)

(i)

=(595)A

Here, A=area of disc; K = thermal conductivity and /=
thickness (or length) of disc

(9—127)% =595

595 x107*

+127=162.6°
0.167 7=162.6%C

3
9595(K +127=

352

11. At constant pressure

VT Yo_ L _ Aby T,
v, T Ah, T,
Soh,=h; (&] = (1.0)(ﬂ]m zim
T, 300 3

As there is no heat loss, process is adiabatic.

For adiabatic process ’I‘f\/fy‘1 = Ti\/iy'1

AL
s T _T‘kaJ

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.

F=F S Vpg=Vip'g
(V= volume immersed)

- (400)(}1—:}1'41 = 400[%]0‘4

(Ah)(pp)(8) = A(1 + 20, AT) () [IJ;_LAT] g

¢

Solving this equation, we get vy, = 2a,

13. Rate of heat conduction through rod= rate of the heat
lost from right end of the rod.

~ KA(T, -T,)
' L
Given that T, =T +AT

=eAo(T,*- T2 ..(0)

4
LT = (T, + AT =T [1 +AT—T]

s

Using binomial expansion, we have
AT
T24 = TS4 [1 +4 T_S] (as AT << TS)

T, - TS = 4(AT)(T?)
Substituting in Eq.(i), we have
K(T, - T, - AT)

=4ecT] AT
L
= KT -T) = [4661‘53 +5) AT
L L
K(T, - T
AT = T, -T,)

(4ecLT? +K)
Comparing with the given relation, proportionality

K

constant = P a—
4eclT’ +K
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14.

16.

17.

(a) From AQ=msAT

~ AQ _ 20000

= =50°C
ms 1x400

AT

1
(b) AV=VyAT = (M) (8 x 107%) (50)

=5x10"m’
S W=PAV=(10°)(5x107)=0.05]
(c) AU=AQ-W=(20000-0.05)J=19999.95]J

. 0.05kgsteamat373 K %, 0.05 kg waterat373 K

0.05 kg waterat373 K 2, 0.05kg waterat273 K
0.45kgiceat253K %, 0.45kgice at273K

0.45kgiceat273 K __ 2, 0.45kg waterat273 K
Q,=(50)(540)=27,000 cal =27 kcal

Q,=(50) (1) (100)=5000 cal = 5 kcal

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.

2 400 C gg

8 (A P B=S

] L 10x1 |

k(400-0)A ,

——— =m(80) (i)
L

kA (400 -100) )

—————— =m(540) ...(ii)

(10x - L)
Divide (i) by (i) 1080x = 120L “~ L=Ax.. =9

R 400R
ra _Ts
g Ta
P:cseAT4

P,=oce. 4n(400R)* < T,*

P, =oce. 4pR* x T;,*
(400R)*x T\ *=10* x T*
16x10*x T, *=10*xT*
T,

2B
T, 2

18. 2 19. 9 20. 3

MOCK TEST : BASIC MATHS

1. Letinitial pressure, volume, temperature be P, V, T,
indicated by state A in P-V diagram. The gas is then
isochorically taken to state B (2P, V, 2T ) and then
taken from state B to state C (2P, 2V, 4T,) isobarically.
Total heat absorbed by 1 mole of gas
AQ=C, (2T,-T)+C, (4T, -2T)

5 7 19
= ERTO+ ERX 2T, = o> RT,
Total change in temperature from state A to C is
AT =3T,

R 2T, 4T,
2Pf----% o 0
‘ B C!
I
I
Ploco—o
) A|T° :
1 I
! Y
I v, 2V,

. Molar heat capacity

ZQZERTO 19

AT~ 3T, 6

f
2. Inan ideal gas internal energy = EnRT

5 3
U:E x2 xRT+4 x ERT:HRT.

3. Heat absorbed by gas in three processes is given by
QACB - AU + WACB
QADB = AU
QAEB = AU + WAEB
The change in internal energy in all the three cases is

same. And W, _is +ve, W, __is —ve.

Hence QACB> QADB = QAEB

4. Inanadiabatic expansion, internal energy decreases and
hence temperature decreases.

from equation of state of ideal gas
PV =nRT = The product of P and V decreases.

5. Process AB is isothermal expansion, BC is isobaric

compression p 1P A
F------
In process CA P« nRT
P Pl __C B

= P, 2 L

I I

| 1 > T

T T
4
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6. Higher is the temperature greater is the most
probable speed.

7. Therate of heat loss by a thin hollow sphere of thickness
‘Ax’ , meanradius ‘v’ and made of density ‘p’ is given by

T
mS (ii_t =—eoA(T*-Ty*)

dT
(p 4mr2Ax) S o 4mr? (T*-T,*)

dt T
— = M is independent of radius
dt SAx

Hence rate of cooling is same for both spheres.

8. Thermal resistance of AC (zij
KA

0.1 10° R
T 336x1x10° 336 " (Suppose)
. 0.2
thermal resistance of BC= ———— =2R
336x10
temperature of point C
g 2040 20
"R 72 2R OR
A C(0°C) B
20°C|—Hs H,<— ]40°C
H
ce
0°C
CHeH 4T - 40 40x 336 B 13440
. - 1 2 R - 103 - 103
= 13.44 watt
. . H 13.44/42
Rate of melting of ice = — =—————— g/s =40 mg/s
L, 80

9. Since tension is the two rods will be same, hence
AY o, AO=AY,0, A0 = AYoa =AY,

P+0*+2°+3°

10. Vr.m.s.: f = \/E.

11. We h _ M
- Wehave p= o=
PM _PM B _ P
RT, RT, T, 2T,

P,=2P, i.e. change in pressure is 100%.

354

12. Strain developed :
e=aAT=(12x10%)(50)=6 x 104
Strain will be negative, as the rod is in a compressed

state.
) dT
13. Heat current : i=—-kA —
dx
idx=—kAdT
.e T (Tz_Tz)
lfdx = Ao ITdT = if=—Aoq 2" 1)
2
0

T

i: Aa’(le_T;)
27

14. BCisisochoric. V. >V, , V. =V_,V >V_

15.Q,, =AU +W,, -
WAB =0
s -
AU, = 5 nRAT
\A 2\,

f 5
= E(APV)AUAB: E(APV) Qs=25P,V,
Process BC Q,. =AU, +W__
Que =0+2P V log2=14P V,
Qnet = QAB + QBC - 39 POVO

X-(-125) _ Y-(=70)
500 40
X =1375.0°X

16. For Y=50

17. Rate of radiation per unit area is proportional to (T*)
Poc AT* = Pocr?

dT dT 1
Also  ms — oc AT* — =Ro —
dt dt r
(because m = (Vp) o< 1’ and A oc 12)
PR

18. For a block body, wavelength for maximum intensity :
1 1
Aoc— &PoxcT! = Poc— = P'=16P.
T b

P’ T'=32PT

19. Since,e=a=0.2(Since, a= (1 —r—t) = 0.2 for the
body B)
E=(100) (0.2) =20 W/m?

20. Thermal equilibrium means same temperature.
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21.

22.

24.

25.

26.

AF
9

C_F-3 A
5 9 5
5
ACZEAF = AC=AK
PV =RT for 1 mole
W:deV:IEdV:V:CT2/3
\

dV=2eTngr o N _24dT
E YV 3T

n(2)dT 2
. W:j RT(EJ? = JR(T,-T)=1662]

T

nfR

. AsAU =—— AT
2

AU oc AT;
Since volume is same in all three process therefore
temperature will be least having least pressure.

logP=mlogV where m is slope

_2.38-2.10

C11-13
logP=-1.4logV
logPV!4=0
PVI4=k

1.4

Rate of heat loss = o eA (T*—T*)

—ms

= 4_ T4
at ceA(T*~TJ)

_dr _ 5.8x107* xix T(0.08)*((500)*(300)*)

dt 10x4.2x90

—dT

= —— =0.066 °C/sec.
dt

In the equilibrium position the net force on the
partition will be zero.
Hence pressure on both sides are same.
Hence, (A) is correct.
Initially, PV =nRT

PV, PV (2P)(2V) PV
n=-= =—= n,=——">"=4—

RT, RT RT RT
= n,=4n,

Moles remains conserved.
Finally, pressure becomes equal in both parts.
Using, P,V,=nRT, = P,V,=n,RT,

27.

28.

29.

30.

P,=P,&T, =T,

Mi_nod
V2 nz :Z = V2:4V1
Also  V+V,=3V = V, +4V, =3V
3 12
= V1:§V And sz?V

Hence (B) and (C) are correct.
In compartment (1) :

P,'V,=nRT,

"\5) 7 k) RD

, SPV 5

L 3v 3
Hence (D) is also correct.
P’ P’RT
— =k =k

p PM

%) '

= PT= R e (i)
p> Pp? P p
——— . pP=—

p p/2 \/E

Hence from (i) T" = T,/2 . PT = constant hence P — T
curve is a hyperabola.

3kT
Vr,m,s. = m

Since PV = nRT therefore P and V both can change
simultaneously keeping temperature constant.

Slope of graph is smaller in the solid state i.e.,
temperature is rising slower, hence higher heat
capacity.

The transition from solid to liquid state takes lesser
time, hence latent heat is smaller.

Initial state is same for all three processes (say initial
internal energy =E))

In the final state, V, =V_=V_
andP,>P >P.

= P,V,>PV.>PV_ =

it T,>T,

then E > E_ for all three processes

and hence (E,—-E,) <(E,-E)) <(E,-E.)

= |AE,| <|AE,| <[AE_|

If T, <T,, then E  <E_ for all three processes
and hence (E,-E)>(E,-E)>(E.—E)

= |AE,| > |AE,| > |AE_|

EA>EB>EC
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34.

36.

Y4
% increase inArea=2x0.2=0.4

AA Al
.7x100:2— x 100

aV
52 x100 =3x0.2=0.6%

Since Al =1 a AT

Al
ik 100= o AT x100=02 = o = 0.25x10* /°C

AV =AV. =Y V =Y.V Yo _ W
. = = or — =—"
L \% L L V'V Y VL

\%

but V,>V, =Y,>Y,

. Every object emit and absorb the radiations simulta-

neously, if energy emitted is more than energy ab-
sorbed temperature falls and vice versa.

Equivalent thermal conductivity of two identical rods
in series is given by

2 1 1

_— =t —

K K, K,
If K, <K,, then K, <K <K, . Hence statement 1 is
false.

. From Wein's law A T = constant i.e., peak emission

1 .
wavelength A oc T Hence as T increase A, decreases.

If the rate at which molecules of same mass having same
rms velocity striking a wall decreases, then the rate at
which momentum is imparted to the wall decreases. This
results in lowering of pressure. Hence statement-2 is
correct.

In statement-1 the rms velocity of gas remains same on
increasing the volume of container by piston, since the
given process is isothermal. Now the piston is at a greater
distance from opposite wall and hence time taken by gas
molecules from near the opposite wall to reach the piston
will be more. Thus rate of molecules striking the piston
decreases. Hence statement-1 is correct and statement-2
is correct explanation.

. Heat given: 4Q=n,C, AT — ForgasA & for Gas

B — AQ= nyCy, AT

(- For same heat given, temperature rises by same
value for both the gases.)

= nlCVI = nZCVz
Also, (APg)V =n,RAT and (AP,)V =n RAT
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40.

41.
42.

n_dp 25 5 S
“ h, o, 15 3 MT3™
Substituting in (1)
5
énz C, =nC, = “ =§=(§R)
3 Cvl 3 (jR)
Hence, Gas B is diatomic and Gas A is monoatomic.
. 5
. Since n, = Im
herefore 125 5[0
erefore M, 3\ M,

(From experiment 1 : W, =25 gm & W =60 gm)

= SMy=4M,

The above relation holds for the pair—-Gas A : Ar and
GasB:0,.

. n,C, x300+n,Cy x300 =n,C, T+n,C, T

(number of moles remains same)

= T=300K

(It could also be seen directly that temperature finally
will be 300 K, since no heat exchange takes place
between those gases as their initial temperatures are
same)

Since, volume remains same but number of moles
increases.

Therefore, pressure increases.

We have 6 -0 = (0, -0 )e™

where 0, = Initial temperature of body = 40°C
0 = temperature of body after time t.

Since body cools from 40 to 38 in 10min, we have
38-30=(40-30)e k!0 e (D)

Let after 10 min, The body temp. be 0

0-30=(38-30)e*" )

Do 510 06-30=6.4
2 gives o3, =g 0-30=6.
= 0=36.4°C

Temperature will decrease exponentially

During heating process from 38 to 40 in 10 min. The
body will lose heat in the surrounding which will be
exactly equal to the heat lost when it cooled from 40
to 38 in 10 min, which is equal toms AB =2 x2=41].
During heating process heat required by the body =
msA0=41].

.. Total heat required = 8 J.
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43. (A) If P = 2V? | from ideal gas equation we get
2V3=nRT

with increase in volume

(A) Temperature increases implies dU = +ve
dW = +ve
Hence dQ =dU + W = +ve

(B) If PV? = constant, from ideal gas equation we get
VT =K (constant)

On decreasing temperature, as volume of an ideal gas
increases

dW = +ve

PK
Now dQ=dU +PdV =nC dT - = dT [ dV:f% dT]

PV
=nC,dT - —=dT =n(C,~R) dT

.. with increase in temperature dT = +ve

and since C, > R for monoatomic gas. Hence dQ =

+ve as temperature is increased
(C)dQ=nCdT =nC dT +PdV
= n(C,+2R)dT =nC dT +PdV

5 2nRAT =PdV . —= =+ve

©dT
Hence with increase in temperature volume increases
and vice versa.
5.dQ=dU+W =+ve
(D) dQ=nCdT=nC dT +PdV
or n(C —2R)dT =nCdT +PdV

- —2nRdT=PdV - v _
or —2n = Logr e

On decreasing temperature, as volume of an ideal gas
increases

dW = +ve
Also dQ=n(C —2R)dT

with increase in temperature dT = +ve but C < 2R for
monoatomic gas. Therefore dQ =—ve with increase in
temperature.

44. in (A), V is on vertical axis.

Vv

Part-11

m V is decreasing, W is negative.
| >P

As negative work in part-II is greater than positive
work in part-I, net work during the process is negative.

Using PV =nRT and as V.. - same for initial and
final points of the process, it is obvious that final
temp. is greater than initial temperature as pressure
has increased. Therefore dU is positive. Hence option
(S) is connected with (A).

From graph we can say
Tgnat < Tinigiag in part B,C & D

Similar arguments can be applied to other graphs.

45. Due to the heating pressure inside is not changed.
Let inside pressure be p. Then for equilibrium of the
system :

P(A,—A) =Py(A, —A,) + (m, +my)g
= PAV=(P,AA+mg)!

¢ is displacement of the piston.

PA,
P.AV =nRAT. l
T vymg
AT = PAV PA, T, PA
" %ﬂ
PA,
_ (PoAA +mg)/ m:9
B nR

~ (10°P, x 107°m* +5 x 10)(50x107%)
B 1xR

AT—EK
-R K
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46

47.

. Change in internal energy for cyclic process (AU) =0
for process a — b, (P — constant)
W, ,,=PAV=nRAT=-400R
for process b — ¢ (T — constant)
W, ,.=—2R((300)/n2
for process ¢ — d (P — constant)
W, _,=T400R
for process d — a (T — constant)
W, ,=+2R(500)/n2
Net work (AW)=W__ +W,__ +W__
AW =400 R/n2
dQ=dU + W, first law of thermady names.
dQ=400R/n2.

+W

d d—a

Energy supply by resistance
=iZR

By first law of thermodynamics

AQ=AU+AW

AU=0

. dx F'R  2x2x10
L PR=mgl— | = v= =
mg 1x10
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48. Q=AU+W

where AU is the change in the internal energy of the
gas; and W is work, done by the gas. For one mole of
the monatomic ideal gas AU = 3/2R AT. Work equals
the area under the graph

Pvs.V

Therefore, for the process from the initial state with
P,V,=3/2 RT, to the state with P,V,T the heat given to
system 1is

Q=@B2)R(T-T)+(12)(P+P, (V-V)

3 1
=5 (PV=PV)+ —(PVEPVHPV -P V) .. (3)

1 1
=2PV+ 2 P\V- 2PV, -2P\V,

from equation 1 and 3 we get

P 5 5 V
=20V 4“PV-2PV,|=——L
Q A 20 0 ‘(4 VJ

0 0

The process switches from endothermic to exothermic

d . . .
as £ changes from positive to negative, that is at

@—081' t

v O olving we ge
5

VZgV0
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