Heat & Thermodynamics and Gases

Fill Ups

Q.1. One mole of a mono-atomic ideal gas is mixed with one mole of a diatomic
ideal gas. The molar specific heat of the mixture at constant volume is .......

AnNs. 4 cal.

g, _mGy +mGy
e+
1x 3_'-F"i‘+'.l:~u: jR
: =2 2 R .
Solution. 1+1 Q.2. The variation of temperature of a
material as heat is given to it at a constant rate is shown in the figure. The

material is in solid state at the point O. The state of the material at the point P

Ans. Partly solid and partly liquid

Solution.
.-';
t c_J
T D
A P
B
o

HEAT ADDED —

Q.3. During an experiment, an ideal gas is found to obey an additional law
VP2 =constant, The gas is initially at a temperature T, and volume V. When it
expands to a volume 2V, the temperature becomes..........

Ans. \2T

Solution. PV = RT (ldeal gas equation)

RT _
=> P=— (@)

Given that VVP? = const ... (ii)

From (i) and (ii)
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Q.4. 300 grams of water at 25° C is added to 100 grams of ice at 0°C. The final
temperature of the mixture is .....°C.

Ans. 0°C

Solution. The heat required for 100 g of ice at 0° C to change into water at 0°C =
mL =100 x 80 x4.2 = 33,600 J .. (1)

The heat released by 300g of water at 25°C to change its temperature to 0°C = mcAT
=300 x 4.2 x 25=31,500J ... (i)

Since the energy in eq. (ii) is less than of eq. (i) therefore the final temperature will
be 0°C.

Q.5. The earth receives at its surface radiation from the sun at the rate of 1400
W m-2, The distance of the centre of the sun from the surface of the earth is 1.5
x 101 m and the radius of the sun is 7 x 108 m. Treating the sun as a black
body, it follows from the above data that its surface temperature is........... K.

Ans. 5803K

Solution. The energy received per second per unit area from Sun at a distance of 1.5
x 10 m is 1400 J/sm?. The total energy released by Sun/per second.

= 1400 x 47 x (1.5 x 1011)2,
=~ The total energy released per second per unit surface area of the Sun

1400 4m x (1.5 x 10
47 x (T x 108

This energy E is also equal to E = cT*

Get More Learning Materials Here : & m &N www.studentbro.in



1

dmx(15x10ty2 |4
T— 1400 x 'J'I:EXEI: W } . ~ 5803 E
4 (T=107)Y =367 x10

Q.6. A solid copper sphere (density r and specific heat c) of radius r at an initial
temperature 200 K is suspended inside a chamber whose walls are at almost
OK. The time required for the temperature of the sphere to drop to 100K is

Ans. 1.71prc

Solution.The energy emitted per second when the temperature of the copper sphere
is T and the surrounding temperature Ty

—o(I*-T)xd=c.T*4 [+Th=0] _@)

We know that

dg dT .
A0 =mecd]l = —==mec— i
Q dt dt @

From (i) and (ii)

dT
oTd=mc—
dt
4
medT pxjﬂr%ﬂT A
= di= = 3 3 [ m=px—w3]
oT'4 ol xdnr 3

Integrating both sides
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=1Tlpre

Q.7. A point source of heat of power P is placed at the centre of a spherical shell
of mean radius R. The material of the shell has thermal conductivity K. If the
temperature difference between the outer and inner surface of the shell in not
to exceed T, the thickness of the shell should not be less than ............

_ 4nR?KT
P

t

AnNS.

Solution.
KEY CONCEPT :

When the spherical shell is thin, t << R. In this case, The rate of flow of heat from
the sphere to the surroundings

E@nRHT
P=——

Gh
@

where T is the temperature difference and t is the thickness of steel then

2

AnR°KT
F

=

Q.8. A substance of mass M kg requires a power input of P watts to remain in
the molten state at its melting point. When the power source is turned off, the
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sample completely solidifies in time t seconds. The latent heat of fusion of the
substance is .........cc.........

Solution. Since P joules per second of heat is supplied to keep the substance in
molten state, it means that the substance in the molten state at its melting point
releases P Joule of heat in one second.

k&/_”;—% ~ _*P Joule/sec.

The power is turned off then the heat input becomes zero.

But heat output continues. It takes t seconds for the substance to solidify (given).
Therefore total heat released in t seconds = P x t = mLysjon

_ Pt
i

L ficion
Q.9. A container of volume 1m? is divided into two equal parts by a partition.
One part has an ideal gas at 300K and the other part is vacuum. The whole

system is thermally isolated from the surroundings. When the partition is
removed, the gas expands to occupy the whole volume. Its temperature will now

Ans. 300 K

Solution. In this expansion, no work is done because the gas expands in vacuum.
Therefore AW =0

As the process is a adiabatic, Q = 0. From first law of thermodynamics, AU = 0 1.e.
temperature remains constant.

Get More Learning Materials Here : & m &N www.studentbro.in



Q.10. An ideal gas with pressure P, volume V and temperature T is expanded
isothermally to a volume 2V and a final pressure Pi. If the same gas is expanded
adiabatically to a volume 2V, the final pressure is Pa. The ratio of the specific
heats of the gas is 1.67 . The ratio Pa/R is ...

Ans. 0.628

Solution. For isothermal expansion
. T 'P
PxV=P;x2V = P;=~

For adiabatic expansion

i . F _F
FIT=F_ =(2F) :’Pa=_y_ﬁ
2 2
F P 2 2
5 = iE X 5= 17 — 0628
E > P 2

Q.11. Two metal cubes A and B of same size are arranged as shown in Figure.
The extreme ends of the combination are maintained at the indicated
temperatures. The arrangement is thermally insulated. The coefficients of
thermal conductivity of A and B are 300 W/m °C and 200 W/m°C, respectively.
After steady state is reached the temperature t of the interface will be .....

e (i
100°C A B 0*C
t
fﬁ\._f ,-—-.\‘_#

Ans. 60°C Solution.
Solution. The heat transferred through A per second
Q1= K1 A (100 - t)

The heat transferred through B per second

Get More Learning Materials Here : & m &N www.studentbro.in



Q=K A(t-0)

At steady state K; A (100 —t) = K;A (t—0)

= 300 (100 -t) =200 (t-0) =>300-3t=2t=t=60°C

Q.12. A ring shaped tube contains two ideal gases with equal masses and
relative molar masses M1= 32 and M2 = 28. The gases are separated by one

fixed partition and another movable stopper S which can move freely without
friction inside the ring. The angle a as shown in the figure is ........... degrees.

M, M,

Ans. 192°

Solution. The movable stopper will adjust to a position with equal pressure on either
sides. Applying ideal gas equation to the two gases, we get

f —n.RT= 2 —n.RT= —

V, M; 32 8

Hence, ——=_=
Vi M, 28 7
360°
o= xB=192"
B+T)

Q.13. Earth receives 1400 W/m 2 of solar power. If all the solar energy falling
on a lens of area 0.2 m2 is focused on to a block of ice of mass 280 grams, the
time taken to melt the ice will be... minutes. (Latent heat of fusion of ice = 3.3 x
10°J/ kg.

Ans. 5.5 min.

Solution. Solar power received by earth = 1400 W/m?
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Solar power received by 0.2 m? area
= (1400 W/m2) (0.2 m2) = 280 W
Mass of ice = 280 g = 0.280 kg

Heat required to meltice .

= (0.280) (3.3 x 105) = 9.24 x 104 J
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True / False

Q.1. The root-mean square speeds of the molecules of different ideal gases,
maintained at the same temperature are the same.

Ans. F

EKEY CONCEPT: ¢ = 3RT

1

Solution. At the same temperature ¢ o N

I.e., dependent on molar mass and hence rms speed ¢ will be different for different
ideal gases.

Q.2. The volume V versus temperature T graphs for a certain amount of a
perfect gas at two pressure p: and p2 are as shown in Fig. It follows from the
graphs that p: is greater than p».

Ans. F

Solution. For a particular temperature T

——1
*p
Volume is greater for pressure Py

] {ﬁz

Q.3. Two different gases at the same temperature have equal root mean square
velocities.

Ans. F
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1
. . C  w—
Solution. For a par“CUIar termperature WM

I.e., Crms Will have different values for different gases.

. . . ¥
Q.4. The ratio of the velocity of sound in Hydrogen gas =3 to
5 21
. . (r=3) -
that in Helium gas 37at the same temperature is

Ans.F
11 RT
(Cr, )2 JT:RT ‘ulz
Solution.
_ 75 4 J? 3., %2
51372 {5 5" 25

Q.5. The curves A and B in the figure shown P-V graphs for an isothermal and
an adiabatic process for an ideal gas. The isothermal process is represented by
the curve A.

AN
P ——A
e
B
Ve
Ans. T

Solution. The slope of P-V curve is more for adiabatic process than for isothermal
process. From the graph it is clear that slope for B is greater than the slope for A.

Q.6. At a given temperature, the specific heat of a gas at constant pressure is
always greater than its specific heat at constant volume.

Ans. T

Solution. C, - Cy =R
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Q.7. The root mean square (rms) speed of oxygen molecules (O>) at a certain
temperature T (degree absolute) is V. If the temperature is doubled and oxygen
gas dissociates into atomic oxygen, the rms speed remains unchanged.

Ans.F

Solution. We know that

_ PRT . _ [RED
VM TV T M2

v'=2y

Q.8. Two spheres of the same meterial have radii 1 m and 4 m and
temperatures 4000K and 2000K respectively. The energy radiated per second
by the first sphere is greater than that by the second.

Ans. F

Solution. Energy radiated per second by the first sphere

E;=ecT *A=2c (4000)* x dx x 11 % 1
=1024 x nx 1012 x gg

Energy radiated per second by the second sphere
Ey=ec x (2000)*x dnx 4 x4

=1024 7= 102 = eg
E =E,
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Subjective Question

Q.1.A sinker of weight wo has an apparent weight w, when weighed in a liquid
at a temperature t; and w2z when weight in the same liquid at temperature t,.
The coefficient of cubical expansion of the material of sinker is . What is the
coefficient of volume expansion of the liquid.

Wy — W +ﬁ(mo-m)
AnNS. (wo—walt —1)  (wp—wy)

Wo— W= Vxdg xg @

Solution. 7o~ 72~ Vxd'ixe - (@)
Also, F=F(1+BAT) . (i)
and dy =dy' (1+7,AT) (V)

From (ii), (iii) and (iv)

V(1+pAT) xd, ‘g

Wo—Wy=
02 1+ (AT

Ly

Dividing (i) and (v), we get

Wo - _Vd,g(l+y,AT)

Wy—W, V(l+pAT)d,g

Wy - 1+y,AT - W= L1+y,(t-1)
Wo—W, 1+BAT  Wo—T, 14P(t1—1)

= (-1 =B -t)=(Wp-1y) [+7y (02 —11]]

M- BT
Wo-Ta) (=) (o —Pa)

= T

Q.2. Three rods of material X and three rods of material Y are connected as
shown in the figure. All the rods are of identical length and cross-sectional area.
If the end A is maintained at 60°C and the junction E at 10°C. Calculate the
temperature of the junctions B, C and D. The thermal conductivity of X is 0.92
cal/sec-cm-°C and that of Y is 0.46 cal/sec-cm-°C.
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Ans. Tg =30°C, Tc=Tp=20°C
Solution. Kx = 0.92 cal/sec-cm-°C

Ky = 0.46 cal/sec-cm-°C

[10°C]

NOTE THIS STEP : The heat flow through AB is divided into two path BC and BD.
Symmetry shows that no heat will flow through CD. Therefore

KyA(60-Ty) _Kyd(Tz-10) KyA(Tg-10)
‘ - 2 24

On solving the above equation, we get Tg = 30°C
As C is a point at the middle of BE therefore temperature at C is 20°C.
Similarly temperature at D is also 20°C.

Q.3. Given samples of 1 c.c. of hydrogen and 1c.c. of oxygen, both at N.T.P.
which sample has a larger number of molecules?

Ans. Same
Solution. PV = nRT

When P, T are same nxVV
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As volumes are same, both samples will have equal number of molecules
Q.4. A Solid material is supplied with heat at a constant rate.

The temperature of the material is changing with the heat input as shown in the
graph in figure. Study the graph carefully and answer the following questions :

TEMPERATURE —m
=
to

0 HEAT INFUT —=
(i) What do the horizontal regions AB and CD represent?
(if) If CD is equal to 2AB, what do you infer?
(ii) What does the slope of DE represent?
(iv) The slope of OA > the slope of BC. What does this indicate?

Solution. (i) Region AB : Heat is absorbed by the material at a constant temperature
called the melting point.

The phase changes from solid to liquid.

Region CD : Heat is absorbed by the material at a constant temperature called the
boiling point. The phase changes from liquid to gas.

(ii) Latent heat of vaporisation = 2 (latent heat of fusion)

(iii) @=mc AT.

The slope DE= o= —
eslope DE =~ =

NOTE : The slope DE indicates that the temperature of the solid begins to rise.

(iv) The reciprocal of heat capacity in solid state is greater than the reciprocal of
heat capacity in liquid state
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[mi] lid (.ﬂmﬂ = (mCYquia > (M€) g

= Cliggid ~ Csolid

Q.5. A jar contains a gas and a few drops of water at T°K. The pressure in the
jar is 830 mm of Hg. The temperature of the jar is reduced by 1%. The
saturated vapour pressures of water at the two temperatures are 30 and 25 mm
of Hg.

Calculate the new pressure in the jar.

Ans. 817 mmHg

Solution.

P1=830-30=800mmHg ; P2?

V1:V; V2:V; T1:T ; T2:T—0.01T:0.99T

BV] _ BV, PT, 800x0.099T
nom o s Pp=lda ——— =792 mmHg
T T S W T

=~ Total pressure in the jar = 792 + 25 = 817 mm Hg

Q.6. A cyclic process ABCA shown in the V-T diagram (fig) is performed with a
constant mass of an ideal gas. Show the same process on a P-V diagram
Wi C B

]
V5

V1 A

=
(In the figure, CA is parallel to the V-axis and BC is parallel to the T-axis)
Solution. A — B A straight line between A and B in V«T graph indicates V « T

= Pressure is constant.

Get More Learning Materials Here : & m &N www.studentbro.in



2]
..l.‘q- B
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\1
g

S
'1.:'

B — C Volume is constant. Since the temperature is decreasing, the pressure should
also decrease.

C — A The temperature is constant but volume decreases.

The process is isothermal.

Q.7. A lead bullet just melts when stopped by an obstacle.

Assuming that 25 per cent of the heat is absorbed by the obstacle, find the
velocity of the bullet if its initial temperature is 27°C. (Melting point of lead =
327°C, specific heat of lead = 0.03 calories /gm/°C, latent heat of fusion of lead =
6 calories / gm, J = 4.2 joules /calorie).

Ans. 12.96 m/s

Solution. Lead bullet just melts when stopped by an obstacle. Given that 25% of the
heat is absorbed by the obstacle. Therefore 75% heat is used in melting of lead.

Initial temp. = 27°C M.P. = 300°C

(0.75) K.E. = Heat utilised in increasing the temperature and heat utilised to melt
lead at 300°C

1
(0.75)x El'ufv2 = Me AT+ML

1
©75)% 5 v2 = (0.03 x 300+6) x 4.2

[4.2 to convert into S.I. system] v = 12.96 m/s
Q.8. Calculate the work done when one mole of a perfect gas is compressed

adiabatically. The initial pressure and volume of the gas are 105 N/m?2 and 6
litres respectively. The final volume of the gas is 2litre. Molar specific heat of
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the gas at constant volume is 3R/2.
Ans. -973.1J]
Solution. Work don in an adiabatic process is
1
W= l—[ﬁfﬁ - A}
=7
Here, P)=10°N/m?, ;=6 { =6 % 10~ m’

¥
I_r
P,=P, {—1} L Vy=2£=2x1073
5]
. 3
Given that C = ER
3 .. -

c
F

P _167

=T

v

&7
P,=10 [ET =107 = (3)167 = 6.26 x 107 N/m?

1
W=7 626> 1P =2 =103 108 = 6= 103

652
W= [1252—-600]= ————=-973.11J

—0.67 0.67

Work done is negative because the gas is compressed.

Q.9. A solid sphere of copper of radius R and a hollow sphere of the same
material of inner radius r and outer radius A are heated to the same
temperature and allowed to cool in the same environment. Which of them starts
cooling faster ?

Ans. hollow sphere

Solution. NOTE : Since the temperature and surface area is same, therefore the
energy emitted per second by both spheres is same.

We know that Q = mcAT

Since Q is same and c is also same (both copper).
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Mmoo

AT

Mass of hollow sphere is less;
=~ Temperature change will be more.
=~ Hollow sphere will cool faster.

Q.10. One gram mole of oxygen at 27° and on e atmospheric pressure is
enclosed in a vessel.

(i) Assuming the molecules to be moving with Vrms, Find the number of
collisions per second which the molecules make with one square metre area of
the vessel wall.

(i1) The vessel is next thermally insulated and moved with a constant speed V..
It is then suddenly stopped. The process results in a rise of the temperature of
the gas by 1°C. Calculate the speed Vo.

Ans. 1.97 x 10?7, 35.6 m/s
F=PxA=10x1=10°N
Ap 5 5
] F=—=Ap=FxAt=10"x1=10 i
Solution. ©~ At )

Now, momentum change per second (Ap) =n X 2mv ...(i1)

Where n is the number of collisions per second per square metre area From (i) and

(i)

10°

2mv

o * Imv =107 H=

Root mean square velocity

JERT \/3 x8.314 %300 _
=

321000 e3A4mss

According to mole concept 6.023 x 1022 molecules will have mass 32 g
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32

1 molecule will have mass 538
6.023x10

5 273
10° x 6.023 x10
= 2 _197x10%7

2x32x483 4

(i1) The kinetic energy of motion of molecules will be converted into heat energy.
K.E. of 1 gm mole of oxygen = 1/2 Mv?, ... (i)
where vq is the velocity with which the vessel was moving.

The heat gained by 1 gm mole of molecules at constant volume for 1°C rise in
temperature = nC,AT =1 x Cy x 1 = Cy ... (i)

From (i) and (ii)

1. .2 R
E‘ﬂ”ﬁ"ﬂ =C, But, C,= _'r'_1
1 3 R

Mo = 7-1

J IR 28314 35,6 me-]
vn= = = '_"_ ms
M(y-1) 32{}:-({1.41—1]

10
[ --vy=1.41"for 02 (diatomic gas)]

Q.11. The rectangular box shown in Fig has a partition which can slide
without friction along the length of the box. Initially each of the two chambers
of the box has one mole of a mono-atomic ideal gas (y = 5/3) at a pressure Po,
volume Vo and temperature To. The chamber on the left is slowly heated by an
electric heater. The walls of the box and the partition are thermally insulated.
Heat loss through the lead wires of the heater is negligible. The gas in the left
chamber expands pushing the partition until the final pressure in both
chambers becomes 243 Po/32. Determine (i) the final temperature of the gas in
each chamber and (ii) the work done by the gas in the right chamber.
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Ans. 12.9 To, 2.25 To, —15.58To

Solution. For the left chamber

Rl _Rx243

L |
T, 32x7
243 TiT;
= w2 (i)
32 7,

For the right chamber for adiabatic compression

243

Weget. Poll =B w7
g o F{'J 32 2
35
g3 (32] 8
= === = Th= —I
Vo \243 27970
But )+ V=27,
8 46 .
Fi=2Fy— V=2V —Fy=—1} it
R T 5710 (1)
_ . 243 46xTy
From (i) and (1) T}= 3 XI"E.XETX 0
207

o, I)= FTH =129Ty (approx.)

To find the temperature in the second chamber (right), we apply

() (!
LTZ.} _l\ﬂj
(1,077 (24351 _
= L?:_J' =25, ) = T,=225T,

Work done in right chamber (adiabatic process)
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W= L (RV: - Rlp)
1y

3| 243 8

=—5|:EH]}{—I .H]Vil

3( ] 15
=22 1|BV = xRT, =—158T
2 By =g xRl 0

Q.12. Two glass bulbs of equal volume are connected by a narrow tube and are

filled with a gas at 0°C and a pressure of 76 cm of mercury. One of the bulbs is

then placed in melting ice and the other is placed in a water bath maintained at
62°C. What is the new value of the pressure inside the bulbs? The volume of the
connecting tube is negligible.

Ans. 83.75 cm Hg

Solution. Let x moles shift from high temperature side to low temperature side.

for left bulb PV = nRT

76 x V = nR x 273 Initially

P'xV =(n+x)R x 273 Finally

Dividing, we get

P' n+x .
%=T -
L) .-""m'\l oy LTy
n n+x X
Initially ,57.5

Finally
For right bulb

76 x V = nR x 273 Initially
P'xV =(n-x) R x 335 Finally .

On dividing,
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P' n-x 333 .
r_n-x 222 -..(i)
76 x 273

From (i) and (ii)

n+x n-x 335

o
n n 273

608
= —x
= n 62 - (1L}

Substituting the value of (iii) in (i), we get
£—1+£

76 608

670
=2 76=8375cmH
= P=%0s” R

Q.13. A thin tube of uniform cross-section is sealed at both ends.

It lies horizontally, the middle 5 cm containing mercury and the two equal end
containing air at the same pressure P.

When the tube is held at an angle of 60° with the vertical direction, the length of
the air column above and below the mercury column are 46cm and 44.5 cm
respectively. Calculate the pressure P in centimeters of mercury. (The
temperature of the system is kept at 30°C).

Ans. 75.4 cm

Solution.

Let A be the area of cross-section of the tube.

Since temperature is the same, applying Boyle's law on the side AB
Px(XxxA)=Pyx (x2xA)... (i)

Applying Boyle's law in section CD

Px(xxA)=Pyx(x1xA).. (i)

From (i) and (ii)
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P1 X (X1 X A) =P X (X2 X A)
= P1X1 = PoXo

where P2 = P1 + Pressure due to mercury column

Pressure due to mercury column

p_ F_mesin30°  Vdgsin30°

A A A
A x 5) x dgsin 30°
( “:'”Ags’“ =5 sin 30° cm of Hg

P,=P;+5sin30°=P;+25
Substituting this value in (iii)

P]. ® K= [F1+2.5]Kx2

P, % 46=[P, +2.5] x 4.5

_ 445x25
1 15

Substituting this value in (ii)

[46+445] 445x25
" = b

2 |7 1s *

= P

K1+K2
[ == T] = P=T54cm

Q.14. An ideal gas has a specific heat at constant pressure Cp=5R/2. The gas is
kept in a closed vessel of volume 0.0083 m3, at a temperature of 300 K and a
pressure of 1.6 x 105N/ m2. An amount of 2.49 x 10* Joules of heat energy is
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supplied to the gas. Calculate the final temperature and pressure of the gas.
Ans. 675 K, 3.6 x 10 N/m?

Solution. We know that PV = nRT

L PV _1.6x10°x0.0083 _16

= = —=35.33moles
RT 8.3 %300 3
5R iR
O ="— = . =—
p 2 & 2

When 2.49 x 10* J of heat energy is supplied at constant volume then we can use the
following relationship to find change in temperature.

Q=nC,AT

4
ar= € _ 2407 ek

nCy 533y jxﬂj

Therefore, the final temperature
=300+375=675K

Applying Gay Lussac's Law, to find pressure.

A_B
n I
&
T 1.6=x10" =675
= P,= ATy - s =36 x 106 Nm—2
5 300

Q.15. Two moles of helium gas (y = 5/3) are initially at temperature 27°C and
occupy a volume of 20 litres. The gas is first expanded at constant pressure
until the volume is doubled.

Then it undergoes an adiabatic change until the temperature returns to its
initial value.

(i) Sketch the process on a p-V diagram. (ii) What are the final volume and
pressure of the gas ? (iii) What is the work done by the gas ?

Ans. (ii) 113 1, 0.44 x 105 N/m? (jii) 12450 J
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Solution. (i) P -V diagram is drawn below.

P1=P:T '::J-:"I:lllllrl:I @

EVy

00 400 —»y

{u) P,I|=nRTy
P, xz{}xm-3 2xs3x3m
P]=249><105N
. A} _ BIn
1 bl i S 4
Applying 5 5
Forl—2

20 40
== = T,=600K
00 Ty

2 — 3is adiabatic expansion.
LIy =R

1 1

3
ra=y| 2" =m[@}3—1 =113¢
T, 300

[ y= 3 for meno atomic gas]

Now, PyVy=nRTy

nRT;  2x8.3x300
Py= — 2 =222 R 0~ 0,44 % 10°Nim?
3 113x10

(NOTE : T3 =T given)
(iii) =y, + g

nR
=P (-1 + T—_I(Tz -I3)

W1, = work done at constant pressure

W3 = work done in adiabatic condition
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2x83
=249 % 10° (40-20) 107 + ——=(600-300)
-1
3

=4980 + 7470 =12450J

Q.16. An ideal monatomic gas is confined in a cylinder by a springloaded piston
of cross-section 8.0 x 10-3 m2. Initially the gas is at 300 K and occupies a volume
of 2.4 x 10-3 m3and the spring is in its relaxed (unstretched, uncompressed)
state, fig. The gas is heated by a small electric heater until the piston moves out
slowly by 0.1 m. Calculate the final temperature of the gas and the heat
supplied (in joules) by the heater. The force constant of the spring is 8000 N/m,
atmospheric pressure is 1.0 x 10° Nm=2. The cylinder and the piston are
thermally insulated. The piston is massless and there is no friction between the
piston and the cylinder. Neglect heat loss through lead wires of the heater. The
heat capacity of the heater coil is negligible. Assume the spring to be massless.

T T T U R

Open atmosphere

y «— Rigid
hlnied) E S'L'IPPCIH

Heater

T A

Ty

Ans. 800 K, 720

Solution. KEY CONCEPT : The final pressure on the gas = atm pressure + pressure
due to compression of spring

8000 x 0.1
= P,=10°+ —— =2x10°Nim?
8x10

:,/ A, B
T,=300K /|« Ampressure = 10N/m?
I Ideal é
Heater . Monoatomic
: G 7 = 000N
Viar’n’ e DO
s, A, ]

The final volume,
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V, =V, +xd
2 _J1 3 3 33
=24x102+01%x8x10%=32%103m

. BRI} PRI~ Bihh
Appl A2 =

_ 2x10° x32x107 %300

= T.= =800K.
2 10° «24x107°

NOTE : Heat supplied by the heater is used for expansion of the gas, increasing its
temperature and storing potential energy in the spring.

=~ Heat supplied

= P5F+HC‘.3T+%£:J:Z
RI; 1 5
=109[0.8 % 1073]+ =L CAT + —kx”
[ ] RT, G, 5

N 107 % 2.4%107
2 % 300

1
=80 x%xEx5ﬂ0+§x80ﬂﬂxﬂ.l

=T201

Q.17. Anideal gas h aving in itial pressure P, volume V and temperature T is
allowed to expand adiabatically until its volume becomes 5.66 V while its
temperature falls to T/2 . (i) How many degrees of freedom do the gas molecules
have?

(ii) Obtain the work done by the gas during the expansion as a function of the
initial pressure P and volume V.

Ans. (i) 5 (ii) 1.25 PV
Solution. (i) Let pressure =P, Volume =V and Temperature = T be the initial
guantities and Pressure = P', Volume = 5.66 V Temperature = T/2 be the final

guantities.

For adiabatic process

4T _
! 1=E(5_66I’]"’ 1 = 2= (5.66)!-1
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Taking log on both sides, log 2={y—1) log 5.66
= y=14

2 2
Buty=1+ 7 = 14=1+ 7

f f
2
= f= ﬁ =3
Thus degrees of freedom of gas molecules =5

(i1) For adiabatic process the pressure-volume relationship is
R = By
P P

P1= Geet 1132

Work done for adiabatic process

P
PF—[ J{iﬁﬁlf}
- — BT 11.32
= AN =R =125PF
y—1 14-1

-
C,=—FR

Q.18. Three moles of an ideal gas ( Fo2 ] at pressure, Paand temperature

Ta is isothermally expanded to twice its initial volume. It is then compressed at

constant pressure to its original volume. Finally gas is compressed at constant

volume to its original pressure Pa.

(a) Sketch P - V and P - T diagrams for the complete process. (b) Calculate the
net work done by the gas, and net heat supplied to the gas during the complete
process.

Ans. (b) 0.58 RTa, 0.58 RTa

Solution. (a) Process A to B (isothermal expansion)

PaVa = PgVsE
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= P,V,=Pg2V,

P
= PB=?A

! AN

;)
ap, VT

v

—T

Process B to C (isobaric compression)

g Ve
Ig I¢
Wy Ty
Ty Ip

T
:}Tc= TJ’

Process C to A [volume is constant]

fo _Fs _ Fg_F4
Ie Iy Ip I,

Let the system initially be at point A at pressure Pa and temp Ta and volume V.

Process Ato B

Get More Learning Materials Here : & m &N www.studentbro.in



The system is isothermally expanded and reaches a new state B (Pg, 2Va, Ta) as
shown in the figure.

Process Bto C

The system is the compressed at constant pressure to its original volume to reach at
state C (Pg, Va, T¢)

Process C to A Finally at constant volume, the pressure is increased to its original
pressure to reach the state A again.

(b) The total work done

W=Wy g+ Wg .ot W4
_ g
= nRT ,log, 7 +nR (T—=T)+0

W T
=2303 3% Rx T logy, _ﬂ+3g[i_n]
T, 7

3
=208 RT,~ _RT, =058RTy

NOTE : The total work done is equal to the heat exchanged as the process is cyclic.

Q.19. Two moles of helium gas undergo a cyclic process as shown in Fig.
Assuming the gas to be ideal, calculate the following quantities in this process

A B

2 atm f=- =

~ L 3

1 atm peeess C

3 lU
4

30E 400K

(a) The net change in the heat energy (b) The net work done (c) The net change
in internal energy

Ans. (a) 1153 J (b) 1153J (c) Zero

Solution. Let us find out the work done in the cycle
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.~
L]

U:

00K JE T

Work done from A to B (Isobaric process)

W g=nR (Tg—T,)
=R 100=2x 200 x 8.32 =1664]

Work done from B to C (Isothermal process)

g
WBC =23 D3HRT10§ 10 P_
[

2
=2.303nR = 400 log) 1 =2772nR
=554 4=832=46126

Work done from C to D (Isobaric process)

Wep="nR (Ty—To)=nR (300 -400)
=—100nR =200 * 8.32=—1664]

Work done from D to A (Isothermal process)

R 1
Wy =2.303nRT log, P—D =2.303nR x 300 logjo 5
A

=—207.9nR
=—4158=832=—34505]

The total work done = Wyp+ Wgnt+ Weop+ Wy
=11537T

(a) AU=0-W
For complete cycle ALT=0
L @=W=1133]

(b) W=1133]

(c) ALU=0. Since, the process is cyclic.

Q.20. One mole of a mono atomic ideal gas is taken through the cycle shown in
Fig:

A — B : adiabatic expansion
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B — C : cooling at constant volume
C — D : adiabatic compression

D — A : heating at constant volume

B4

C

Y
=3
v

The pressure and temperature at 4, B, etc. are denoted by

P,;.T,, Fp.Tgetc, respectively. Given that TA = 1000 K,

Pg=(2/3)P, and Fp =(1/3)P,, calculate the following
guantities :

(i) The work done by the gas in the process A — B
(ii) The heat lost by the gas in the process B — C.
(iii) The temperature Tp. [Given : (2/3)%5=0.85]
Ans. (i) 1870J (ii) -5298J (iii) 500 K

Solution. Given Ta = 1000 K

2
PB= EP_I{

1
FC'= EPA

Pa

(i) Wag (adiabatic expansion)
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nR[T, —Tg]

W= ——2—=52
AR y-1
Here, n=1,R=831Jmol k-, T ,=1000K
j -
=3 (For mono atomic gas)

To find Tg, we use

: CALRNE ALY
nET =1 = 5] <ln) ~©

1y 1-5/3

P
= Ty=T, [E‘j]T =1um[ﬂ 3 _gsok

- 1% 8.31[1000 — 850]
4B~ 5/3-1

=18707

(i) Heat Lost B — C
Q=nC, AT=nC, (Tg—Tp)

3 .
Here,n=1,C = ER (For mono atomic gas),
Tz=850K

P, K
To find T~ we use “B_C (volume constant)

T Ig
F_Ic )
- @
Fg Tp
P
P 1 B 4 1
= To=CxIg=—x850=425K|--C=-3 " _—
Pg 2 Py 2p 2

3
0= 1x 5 x8.31 [425-850] =528

(ii1) Temperature Tp : C to D is adiabatic compression
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-1
(BN (1)
\5) Tz, (i)
P, P
D to A is isochoric process —2- = ~4
Ip T4
Fa_ T4 _
= B 1 -

Multiplying (i) and (iii)

(repy)'" (1o 1)
FpFPp A1 TB-} -

Multiplying (ii) and (iv)

[ PyPe) _(TeTy) _
L PpFp TBTD--} - (1)

From (v) and (vi)

vl .
(T2 (T T

IgTn. TgTh. TgTh

1

T 4T
TD= Ale _ 1000 = 425  SO0K
Ty &850

Q.21. An ideal gas is taken through a cyclic thermodynamic process through
four steps. The amounts of heat involved in these steps are Q1 =5960 J, Q2 =—
5585 J, Q3 =-2980J and Q4 = 3645J, respectively. The correspending quantities
of work involved are W1 = 2200 J, W2 =-825J,W3=-1100J and

W3 respectively.

1. Find the value of Wa.

2. What is the efficiency of the cycle

Ans. (i) 765 J (ii) 10.82%

Solution. (i) The process is cyclic, therefore AU = 0
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Now, AQ = AU + AW

=AQ =AW

= Q1+ Q2+ Q3+ Qs=Wir+W, +Ws+ W,

= 5960 — 5585 — 2980 + 3645 = 2200 — 825 — 1100 + W,

=>W4:765J

Work done

C tn="—"—"""
() Key Concept: n Heat supplied

Wi +HWo W W
- Q1 +Qy4

1040
- _1082%
= = 9605

Q.22. A closed container of volume 0.02 m 3 contains a mixture of neon and
argon gases, at a temperature of 27°C and pressure of 1 x 10° Nm2. The total
mass of the mixture is 28 g. If the molar masses of neon and argon are 20 and
40 g mol-! respectively, find the masses of the individual gases in the container
assuming them to be ideal (Universal gas constant R = 8.314 J/mol — K).

Ans. Mass of Neon = 4gm, mass of Argon = 24gm

Solution. The total pressure exerted by the mixture P = 10> Nm~2 Temperature T =
300 K ; Volume = 0.02 m? Let there be x gram of Ne. Then mass of Ar will be 28 —
X.

MNumber of moles of Neon = E;
2B—x

Number of moles of Argon = 0

Partial pressure due to Neon;

(x/20)RT

n= I
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Partial pressure due to Argon

[(28—x)/40]1RT
P2= I.f

But according to Dalton's law of partial pressure

P=p1*py
xRT (28-x)RT
00 40

10°=

107 % 40 % 0.02
8314 x 300

=x+28 = x=4g
= Mass of Neon = 4g
=~ Mass of Argon = 24g

Q.23. A gaseous mixture enclosed in a vessel of volume V consists of one mole of
agas Awith?C%'%) =5/3 and another gas B with y =7/5 at a certain
temperature T. The relative molar masses of the gases A and B are 4 and 32,
respectively. The gases A and B do not react with each other and are assumed to
be ideal. The gaseous mixture follows the equation PV1913 = constant, in
adiabatic processes.

(a) Find the number of moles of the gas B in the gaseous mixture.

(b) Compute the speed of sound in the gaseous mixture at T = 300 K.

(c) If T is raised by 1K from 300 K, find the % change in the speed of sound in
the gaseous mixture.

(d) The mixture is compressed adiabatically to 1/5 of its initial volume V. Find
the change in its adiabatic compressibility in terms of the given quantities.

Ans. (a) 2 mole (b) 400.03 m/s (c) 1/6 (d) -8.27°10°V

Solution.
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5+Tng E
3+5ng 13
We know that

@)

= n3=2mul.

HJ+"B_ L + g
Ym=1 va—1 vp-1

where ym = Ratio of specific heats of mixture
Here, "J=1= Ta =5l,l'l3, TB=?I|"I5

According to the relationship

19
PV 13 = constant, we get y =E
’ mo13

(b) On substituting the values we get nB = 2 mol.

We know that velocity of sound in air is given by the relationship

|| P
v= T?whﬁ‘ed=dmsirjr=lﬂr

(il‘l'_,! +HE'J
Also, PT'=(n 4+ ng) RT = PI'= I—’RT

\(',' (ng+npRT J',' (ng+npRT
v= =

Mass ofthe gas. m=n M, +ngMp=1=4+12x32
=68 g/mol = 0068 kg/mol

=400.03 ms!

_ JlQ(l +2) %8314 %300
Y= 13 % 0.068

(c) Velocity of sound,

_ |yRT _ l|rR{T+£LT]
v= _M and v+ Av= —M
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verv  [T+AT [ M‘]”z
= =|1+—
v T

T

AT
When AT <= Tthen ? R |

Ay 1 AT
1+ —=1+——
v 2T

A 1 AT
Percentage change 2 100= 3 ® T « 100
¥

E:-cll]{'}=lL:-c:llﬂ'll}l=1"’;$
v 2300 6

d PI"=Const.

Differentiating the above equation

" (dP)— Py -1dIy=0
= W dP=yPI-1dIr
PI’T_]
aP LA o P
av. - pY V

ar

ariv !

Bulk Modulus B =y P
11

Compressibility K= B 1P

K ! d K !
=— an = —
RS B

(

1)
\R

1
A)

1
K=KyK1= pin

1
Y
Since the process is adiabatic, B = AF}

AN
P=Pi(p) “Alys) =

i1 1Y 1
N ] WG‘I]
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_(ng+ng)RT _(1+2)x831xT _24.93T
a v a v T
1 (1 A

1
1;’} L

P

= AEK=

'I:.-'"
=_827x10°5V [~ T=300K]

Q.24. At 27°C two moles of an ideal monoatomic gas occupy a volume V. The
gas expands adiabaticallly to a volume 2V. Calculate (i) the final temperature of
the gas, (ii) change in its internal energy, and (iii) the work done by the gas
during this process.

Ans. (i) 189 K (ii) 2767 J (iii) 2767 J

3
(i) I1=27+173=300K; y= 3 (for monoatomic gas)
=1
r2 =7F

Solution. =1

Since the gas expands adiabatically.

1 =]
G =T

I( I.rlwll'f—]. |: g ]5."3—1
= -1 = 300| — =180K
= TZ Tl I\I’g,j %G

y -1 5/3-1

_ +B31x111x3
2

=+2767]

Change in internal Energy According to first law of thermodynamics

AQ=AU+ AW But A O=0
(as the process is adiabatic)
AU=-AF=-2767]

(ifi) W = 2767 J

Q.25. The temperature of 100g of water is to be raised from 24°C to 90°C by
adding steam to it. Calculate the mass of the steam required for this purpose.
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Ans. 0.0122 Kg
Solution. Heat lost by steam = Heat gained by water

mLe =m AT
m, cAT  0.1x 4200 x 66
= m.= =
T Lge  540x10° x42

= 0.0122kg

Q.26. One mole of a diatomic ideal gas (g = 1.4) is taken through a cyclic
process starting from point A. The process A = B is an adiabatic compression,
B = C is isobaric expansion, C = D is an adiabatic expansion, and D = A is
isochoric. The volume ratios are Va/ Vg =16 and Vc / Ve = 2 and the
temperature at A is Ta = 300 K.Calculate the temperature of the gas at the
points B and D and find the efficiency of the cycle.

Ans. Tg =909 K, Tp =791 K, 61.4%
Solution. n = 1, for diatomic gas,

P.h

27
=1+ 5T5° 14
A —+ B, adiabatic compression
B — C, isobaric expansion
C — D, adiabatic expansion
D) — 4, isochoric process

1y T
4 _16F-2

g s

T,=300K. T=7Tp=".1="

Given

For adiabatic compression process A = B
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For iscbaric process B — C': According to Charles' law

vy T v
As 2=-F o TC=TE{—C\‘
g

T =909 [2]=1818K

For adiabatic expansion process C = D :

g T, g
As Y4 _jgana € _ 9 hence -4 -8
Vg s Ve

According to Poisson's law,

y-1 y-1
TVE™ =TV}

e T 177 1s18
TD=TC E =1818 E _W=T91K

For B — C process : Heat absorbed
01=nC, (Tc—Tp)

TR (7/5)R
- —Tp =1 818 -909
n'r'—l (Tc—1Ip 2rs) (1 )
1R

= ?:‘:9{]‘95318212

For D — 4 process : Heat releazed

R
0, =nC,(Tp—T,)= HE(TD —-T4)

R SR
=1.———(791-300) = — x 491
(2/5) 2

(- No heat is exchanged in adiabatic processes).
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ni
Now, Wyg= _T_—I{TB -Ty4)

"ac=—nR (To—Tg)=1x% R(1818—909) =909 R

nk
Wep= _ﬁ{TC -Tpn)=+

R SR
— = (900-300) =~ = x 609

= — 1027
2

i)(lsls—?m}

5R 3R
=909 R+ T (1027 —609)=909 R+ ? =418

, 1954R
Efficiency= 100  (FV/Q;)= 100 x

=09 R+ 1M5R=1954R

=61.4%

Q.27. The apparatus shown in the figure consists of four glass columns
connected by horizontal sections. The height of two central columns B and C
are 49 cm each. The two outer columns A and D are open to the atmosphere. A
and C are maintained at a temperature of 95° C while the columns B and D are
maintained at 5°C. The height of the liquid in A and D measured from the base
the are 52.8 cm and 51cm respectively. Determine the coefficient of thermal

expansion of the liquid.

isc

=

Ans. 6.67 x 10> per °C

Solution. Let the pressure at point O be Pg. Since the liquid is at equilibrium at M

Pﬂ+h1p95ag=Pn+.ir Ps=g
= Pg=Fy+hpgsg—hps-g

Since the liquid is at equilibrium at N
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= Py+thpsg=Fy+hpgsg _
= Py=P,+hps-g—hpgs-8 - (1)

From (i) and (ii)

Pythpgsg—hpsg
=F *hpsg—hpos-g

= P o5
Pgs-

- F

We know that
Pp=py (1 +7AT)
Applying the above formula, we get
Pg=Pgs=(1 +7*93)
Po=ps=(1+71%3)

= 1405 )
Ps* _ T (i)
Pgs= 1+ 5y

From (i) and (ii)

1+95y
1+5y

=1.018 = y=2.002x 1074

But y=3a

_2002x107

= a= =6.67 * 102 =C

Q.28. One mole of an ideal monatomic gas is taken round the cyclic process
ABCA as shown in Figure. Calculate
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I

i

1 £
2

[ r

L,
= ==
=

(a) the work done by the gas. (b) the heat rejected by the gas in the path CA
and the heat absorbed by the gas in the path AB; (c) the net heat absorbed by

the gas in the path BC; (d) the maximum temperature attained by the gas
during the cycle.

RVp _ 25RV,
7 @7

5
ns, @FNH® 3 Ryl'o. 3R7 (o)

Solution. n = 1, For monoatomic gas :

Cyclic process

A = B = Isochoric process
T — A = Ischaric compression

(@) Work done = Area of closed curve ABCA during cyclic process. i.e. AABC
1 _ 1
AW= - x base x height = = Vy x 2Py=Poly
(b) Heat rejected by the gas in the path CA during isobaric compression process

AQey=nC,AT=1x (SRI2)(T,~Tp)
2RI . _ Bl

T — s —
€ TxR * T IxrR
SR[ RV, 2BV,] 5
AQpy = o 700027070 |~ B
Qca= 3 [ R R y oo
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Heat absorbed by the gas on the path AB during isochoric process

AQp=nCAT=1x%(3R2)(Tz—-T,

IR I
_3RI3RTo Bl |_spp
2| 1xR 1xR

() As AU=01n cyclic process, hence,
AQ=AW
AQ g+ AQ T AQp =AW

_ Ry _ Rl
AQpc=Foly-—5 =5

NOTE : As net heat is absorbed by the gas during path BC, temp. will reach
maximum between B and C.

2
(d) Eguation for Line BCis P=— |:F—Fh:| F+ 5P,
0
RT
P= 7 [For ene mole]

2

rr=- 2002 +5EV (@)
o

_ dl 1R

For maximmum; FTiake _?n x 27+ 5P,=0;
517
= 4“ (i)

Hence from equation (i) and (ii)

2
2R [srfn) ] (SVUJ
= —=x|—=| +5F| —*
RTmn I”ﬂ 4 PD 4

N 1SRV, 25
= — B — = —
070" 15 4 g

_ 5B

Rl

Q.29. A solid body X of heat capacity C is kept in an atmosphere whose
temperature is Ta = 300 K. At time t =0 the temperature of X is To =400 K. It
cools according to Newton’s law of cooling. At time t1, its temperature is found
to be 350 K.
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At this time (t,), the body X is connected to a large box Y at atmospheric
temperature TA, through a conducting rod of length L, cross-sectional area A
and thermal conductivity K. The heat capacity of Y is so large that any
variation in its temperature may be neglected. The cross-sectional area A of the
connecting rod is small compared to the surface area of X. Find the
temperature of X at time t = 3t;.

[ —2KAy

cL ] i
AnS. 300+12.5¢ Kelvin

Solution. Case (i) According to Newton's law of cooling

A k@-T ar Kdt
—_— —_ = — ==
dt (=T T-T,

On integrating, we get

350 4T
WT-T,

- KL;I dt

—[log, (T- T ) Tang =K [{]1

350-300
400-300

—lo8g

100 , _

= IDEGE=K f]_ curKfl=lngE2 ...|:I|.J
Case (ii)

NOTE : When the body X is connected to a large box Y. In this case cooling occurs
by Newton's law of cooling as well as by conduction

aT EA(T -Ty)
B T A o) i .
g K T-La crL
dT K4
- & ke |T-T fort>t
= [ CL}: 4) ( 1)

Where K = coefficient of thermal conductivity of the rod.
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—dT
e
T-Ty L

On integrating, we get
T dT % Kd
_-[350T—TA =I11 (KJ’E]‘#
KA
= —[IDEG{T—TJ{}]§E=(K'+E][a‘]?;\'

350 —300 KA
= log, ={K'+—] 2%=2K"
T -300 cL

2K4
= 1 =2 D+—1
Dger_gm (log, 2) cL 1
0 ozt
=g
T-300

KAy
= T-300=50 ¢ W84, o

_2"
= T=[300+125e ¢z ]Kelvin

Q.30. Two moles of an ideal monatomic gas, initially at pressure p, and volume
V1, undergo an adiabatic compression until its volume is V2. Then the gas is
given heat Q at constant volume Vo.

(a) Sketch the complete process on a p — V diagram.

(b) Find the total work done by the gas, the total change in its internal energy

and the final temperature of the gas. [Give your answer in terms of p1, V1, V2, Q
and R]

3 (w2 3 [ (VP g
(b)EHV‘[l-LﬁJ o3y | 2.2
Ans. i

Solution. n = no. of moles = 2,

(A) The complete process is shown on P-V diagram in the figure.
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F
Heating at constant
i T
P'2 3 B
Jm m-:.
B A
1 i
W v, v

(B) (i) Total work done

W= W g+ Wgo= (ﬁ?'r 13{

[ Wge=PAV=Px0=0]

(i)
According to Poisson's law, Py= PILI*’,I

¥
-0

——Plffi /1 7, LI’J

LAY
_1|

For monoatomic gas,

3| AR (123
"= A A ) ]=Eﬁ“[“té,i

AU=AUp+AUg-=Q-W

213
3

[according to first law of thermodynamics]
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B—=C Q=ﬂUBc+ﬂ
A—>B Q=AU jg+W

R

For monocatomic gas C,= -1

iR
AUgr=0=2x ?_M"

According to Poission's Law :

For the process AB, TJ{VBT'_I =-TEV§_1

TANE: AN

aor Tg=T,—
8=l g, ) aR L7
503,,=2/3
To= i_p’f =T AR T T
B g 171 IR

503273
Hence, Tp=Tg+AT= 20 12~ @
2R iR
Q.31.Two moles of an ideal monatomic gas is taken through a cycle ABCA as
shown in the P-T diagram. During the process AB, pressure and temperature of
the gas vary such that PT = Constant. If Ty =300 K, calculate

Y

(a) the work done on the gas in the process AB and (b) the heat absorbed or
released by the gas in each of the processes.

Give answer in terms of the gas constant R.

Ans. (a) 1200R (b) —2100R, 831.6 R
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Solution. For PV* = Constt., Molar heat capacity

R R R R

= + =5 —+—3
-1 1-x 11—
3 2

Here P2V = constant or PVY2 = constant

SX ==

2
=C=33R
Qp_,g=0CAT=2(3.5R)(300-600)=-2100R

Process B — C: Process is isobaric therefore

>
Qp_,c=0C,AT=(2) [ER.] (Tc-Tg)

=2 [%R] (2T; - T;)=(5R) (600—300)=1500R

Heat is absorbed

Process C — A: Process is isothermal

Fe
AT=0 andQC_}A=WC_}A=ﬂKI'C]n[E]

=nR(2T,)1n {%] =(2) (R)(600) In(2) = 1200R=0.6932
Qc_, 5= 831.6 R (absorbed)

Q.32. An ice cube of mass 0.1 kg at 0°C is placed in an isolated container which
is at 227°C. The specific heat S of the container varies with temperature T
according to the empirical relation S=A + BT, where A = 100 cal/kg-K and B =
2~ 102 cal/kg-K2. If the final temperature of the container is 270C, determine
the mass of the container. (Latent heat of fusion of water = 8 *104 cal/kg,
Specific heat of water = 103 cal/kg-K).

Ans. 0.495 Kg

Solution.
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Here the equilibrium temperature is 273 + 27 = 300 K Also according to the
principle of calorimetry Heat lost by container = Heat gained by ice.

Heat lost by container : NOTE : Since specific heat is variable, we need to take the
help of calculus to find the heat lost by the container.

Let dQ be the heat lost when the temperature decreases by dT at any instant when
the temperature of the container is T.

~dQ=mcdT

where m is the mass of the container and C = A + BT is specific heat at that
temperature

~dQ=m(A+BT)dT

On integrating, we get

BTE 300
300
0= jjm m(A+BT)dT = m|:zﬂ"+ TLH

=—21600 m calorie (heat lost)

Heat gained by ice This heat is to be divided into two parts

@ 0%ice — 0" water
) 0°water — 27° water

O;=mL Oy =mcAT .
=0.1 = 80,000 =0.1=10"=27
= 8000 cal =2T700 cal
0, + Q5= 8000+2700=10.700 cal (1)

Heat lost = heat gained
21600 m = 10,700
= m = 0.495 kg

Q.33. A monoatomic ideal gas of two moles is taken through a cyclic process
starting from A as shown in figure. The volume
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Vs v,
ratiosare — =2 and —- =4.Ifthe temperature T jat A is
VJ VJ

27°C.

E
PT ) o] —

Fl|=

Filom-

o

Calculate, (a) the temperature of the gas at point B, (b) heat absorbed or
released by the gas in each process, (c) the total work done by the gas during
the complete cycle.

Express your answer in terms of the gas constant R.

Ans. (a) 600 K (b) 1500R, 831.8R, —900R, —831.8R (c) 600R

Solution.

(a) Since AB is a straight line in VV-T graph

i
T- Constant (Iscbaric process)

Vay_Vp
Ty T

7 T
Tg= 2 xT4=2%300=600K [ —3=2}
v, 7

(b) (i) A to B is a isobaric process
—nC AT =2% 2Rx300
@=ncC, 5

5 .
=1500R |: Cp= 3 R for monoatomic gasi|

NOTE : Heat is absorbed as Q is positive. (ii) B to C is an isothermal process.
Since the temperature is not changing

=~ Internal energy change dU =0
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=~ From first law of thermodynamics dQ = dW

Ve
0=2.303 xnRTlog)y — -

r
=2.30.% 2% R x 600 x log,,2
=2763.6 xlog)g2 x R=831.8R

NOTE : Heat is absorbed since temperature is same but volume increases.

(iii) C To D is a isochoric process
dW=0
. @=nC AT = n[%R] I::TA —TB:]
3
=2x 5R:(—300}=—9MR

Volume is constant as heat is released.

(iv) D to A is an isothermal process

Ve
- ©=2303 xnRTlogyy 7,
i

(7,
=2303 x 2R =300 =1og LFJ =—8318R
i

Heat is released as Q is positive.

(c) Total work done

04 8t 3¢t CPcpt P94
(1500 R+ 831 8 R)— (900 R + 831.8 R) =600 R

Q.34. A cubical box of side 1 meter contains helium gas (atomic weight 4) at a
pressure of 100 N/m2. During an observation time of 1 second, an atom
travelling with the root-meansquare speed parallel to one of the edges of the
cube, was found to make 500 hits with a particular wall, without any collision
with other atoms. Take R = 25/3 J/mol-K and k = 1.38 x 103 J/K

(a) Evaluate the temperature of the gas. (b) Evaluate the average kinetic energy
per atom. (c) Evaluate the total mass of helium gas in the box.
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Ans. (a) 160K (b) 3.312 x 10-21 J (c) 0.3012 gm

Solution. The distance travelled by an atom of helium in 1/500sec (time between
two successive collision) is 2m. Therefore root mean square speed

/]

—1m—

_ distance 2

= =1000 m/s
TE time  1/500

C

3RT
M

3x25/3xT
= 1000= 3 = T=160K
410

(b) Average kinetic energy of an atom of a monoatomic

(a) ButC,. .=

3
] _k

aw

3 3 _
~E. =-kT= —x(l.SleU 33) %160
2 2
=3.312 = 102! Joules
m
(c) From gasequation PV = HRT

FFM  100x1x4
M= = o
RT  25/3x160

m=03012 gm

Q.35. An insulated container containing monoatomic gas of molar mass m is
moving with a velocity vo. If the container is suddenly stopped, find the change
in temperature.

Ans. mv%/3R

Solution. When container is stopped, velocity decreases by vo.

Therefore change in kinetic energy = 1/2(nm)v%, ... (i)
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Here n = number of moles of gas present in the container.
The kinetic energy at a given temperature for a monatomic

gas is = 3/2 *nRT

2 nR(AT) .G

= Change in kinetic energy =2
where AT = Change in temperature From (i) and (i1)

m ‘I-?g

3 1 2
—nR(AT) = —(nm - AT=
JR(AT) = (nm)vg o

Q.36. Hot oil is circulated through an insulated container with a wooden lid at
the top whose conductivity

K =0.149 J/(m-°C-sec), thickness t = 5 mm, emissivity = 0.6.
Temperature of the top of the lid is maintained at T, = 127°C.

If the ambient temperature Ta = 27°C.

T,=127

W,

L |T=27C

- Hotoll

L

Calculate : (a) rate of heat loss per unit area due to radiation from the lid. (b)
temperature of the oil.

ITI

(Given g = ?xlﬂ‘a Win 2k ™)

Ans. (a) 595 W/m? (b) 419.83 K

Solution. (a) The rate of heat loss per unit area per second due to radiation is given
by Stefan's-Boltzmann law
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E=ec(T*-T}H

17 .
=0.6x %10 Br(400)* - (300)*] = 595 watt/m?

(b) Let Toi be the temperature of the oil.

Then rate of heat flow through conduction = Rate of heat flow through radiation

_95xf . _595x5x107

T + £ 4004198 K
—el” g 0.149

Q.37. A diatomic gas is enclosed in a vessel fitted with massless movable piston.
Area of cross section of vessel is 1 mZ2.Initial height of the piston is 1 m (see the
figure). The initial temperature of the gas is 300 K. The temperature of the gas
Is increased to 400 K, keeping pressure constant, calculate the new height of the
piston. The piston is brought to its initial position with no heat exchange.
Calculate the final temperature of the gas. You can leave answer in

I

i

fraction.

2/5
& 400(5) K
3 3
AnSs.

L I

. T
Solution.At constant pressure, we have ' 2

also, V=Axh

. T
Al Ahy
_ Ty 400 4
3

= hy= Sl=—xl1=
T 300

m

when the gas is compressed without heat exchange, the process is adiabatic

-1 275

(7 (4]

TH=T,|==| =400|= 4
1 ZLP—IJ 3
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Q.38. A small spherical body of radius r is falling under gravity in a viscous
medium. Due to friction the medium gets heated.

How does the rate of heating depends on radius of body when it attains
terminal velocity?

Ans.Rate of heat produced o r °
Solution. Rate of heat produced =F x v

=06anrv)v ~ Viscous F=6 tnrv].
(6 mn n
2
_ 2 (c-p)r’g
(6rnr) [ET]

2
[ Terminal velocity = g (o=pr’g fﬁ" £ }

= Rate of heat produced « r °

Q.39. A cylindrical rod of length I, thermal conductivity K and area of cross
section A has one end in the furnace at temperature T1 and the other end in
surrounding at temperature T». Surface of the rod exposed to the surrounding
has emissivity e. Also L=T.+ATand I,>>AT. ¥T,-T,=AT. find the proportionality
constant.

100

Ans.
Solution.
From the figure it is clear that emission takes place from the surface at temperature

T, (circular cross section). Heat conduction and radiation through lateral surface is
zero.
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Heat conducted through rod is

EA(T - T)At
0- (1{ 2)

Energy emitted by surface of rod in same time At, is
E=ecd(ly -T)At

Since rod is at thermal equilibrium therefore E=Q
hence, wﬂm@ ~That

eo(y ~TH!

K
Here T, - T, = AT and T, >> AT

= ﬂ—%=

L-(aT+T,)= 220 [(ar+ 1) 1]

4
¢ AT
Tl—(ﬁT+I}]=%x1;4 [[H?] —1}

g,

g

¢ 4AT
T, - (AT +T,) =%x o [HT_I]

dec {_3
oo I,-(T.+AT)= T T AT

3
oo T,-T,= [4“""‘1’ +1]1».T
s K

L 4ectT’
The proportionality constant = | 1+

Q.40.A cubical block of co-efficient of linear expansion as is submerged
partially inside a liquid of co-efficient of volume expension yf. On increasing the
temperature of the system by AT,the height of the cube inside the liquid
remains unchanged. Find the relation between as and yt.

Ans. y=2a
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Solution. Initially, at temperature T Fg = mg

Axpyg = ALpyg
At T
JFL"' AFS
_— Ry L —=d % k==
== F —= il
e Tt ————%———=
oo omE— oo ===
eyt B e )
= xp, =Lp, @

Attemperatore T+ AT
Fp'=mg

A'zp'yg=Alppg [mg remains the same as above]
Now, A'=A(1+2aAT)

p's =py(1—yAT)
A1+ 2o AT) x pe(1-yAT)g =ALpg

xpy(1+ 20 AT)(1-yAT) = Lp,

xpg(1+ 20 AT) (1~ yAT) = xp; [From()]
1+2aAT-—yAT=1
v=2ao

bl

Q.41. A cylinder of mass 1 kg is given heat of 20,000J at atmospheric pressure.
If initially the temperature of cylinder is 20°C, find

(a) final temperature of the cylinder. (b) work done by the cylinder. (c) change
in internal energy of the cylinder

(Given that specific heat of cylinder = 400 J kg~ °C-1, coefficient of volume
expansion = 9 x 10-° °C-1, Atmospheric pressure = 10° N/m2 and Density of
cylinder = 9000 kg/m?)

Ans. 69.99°C, 0.0499J, 19999.95 J

Solution. (a) Heat supplied to the cylinder = Energy used to raise the temperature of
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cylinder + Energy used for work done by the cylinder.
Energy used to raise the temperature = mcAT =1 x 400 x (T — 20) ... (i)
where T°C is the final temperature of the cylinder.

Energy used for work done = Pam (Vo V1) = 10° (V2 — V1) ... (ii)

The final volume I, = Iy [1 +y (T—20)]
= Ty-¥y =Ty (T-20) .. (i)

From (ii) and (iii),

Energy used for work done =1 "1 (7 -20)

1 -5 [ m 1]
=103 0x10°(T-20) |"N=—=—m=
107> Sopp <2 *10 T =200 | 1= 5= 5500 |
=0.001 (T-20) . (iv)
.. Heat supplied to the cylinder

=400 (T—20)+ 0.001 (T—20)
20,000=400.001 (T—20)
= T=69.99°C = 70°C

(b) Work done = 0.001 (69.99 — 20) = 0.0499J

(c) Change in internal energy = 20,000 — 0.0499 = 19999.95 J.

Q.42. 0.05 kg steam at 373 K and 0.45 kg of ice at 253K are mixed in an
insulated vessel. Find the equilibrium temperature of the mixture. Given,
qusion =80 Callg = 336 J/g, Lvaporization =540 Callg = 2268 J/g, Sice =2100 J/Kg K
= 0.5 cal/gK and Swater = 4200 J/Kg K =1 cal/gK

Ans. 273K or 0°C

Solution.

(1) Heat lost by steam at 100°C to change to 100°C water mLya, = 0.05 x 2268 %
1000 =1,13,400 J

(2) Heat lost by 100°C water to change to 0°C water = 0.05 x 4200 x 100 = 21,000 J

(3) Heat required by 0.45 kg of ice to change its temperature from 253 K to 273 K =
m X Sjce X AT =0.45 x 2100 x 20 =18,900J

Get More Learning Materials Here : & m &N www.studentbro.in



(4) Heat required by 0.45 kg ice at 273 K to convert into 0.45 kg water at 273 K =
MLusion = 0.45 x 336 x 1000 = 151,200 J

From the above data it is clear that the amount of heat required by 0.45 kg of ice at
253 K to convert into 0.45 kg of water at 273 K (1,70,100 J) cannot be provided by
heat lost by 0.05 kg of steam at 373 K to convert into water at 273 K.

Therefore the final temperature will be 273 K or 0°C.
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Match the Following

Each question contains statements given in two columns, which have to be
matched. The statements in Column-1 are labelled A, B, C and D, while the
statements in Columnll are labelled p, g, r and s. Any given statement in
Column-I can have correct matching with ONE OR MORE statement(s) in
Column-I11. The appropriate bubbles corresponding to the answers to these
guestions have to be darkened as illustrated in the following example : If the
correct matches are A-p, s and t; B-q and r; C-p and g; and D-s then the
correct darkening of bubbles will look like the given.

Pqr s i

el

99200
POOE®
000G®
POOe®

Q.1.Heat given to process is positive, match the following option of Column |
with the corresponding option of column 11 :

(A) K (p) VW >0
BIKL @ ag<o
©LM | ®AW=<0
OIMI 1 5 ag>0
Blamm)s
o I D N
o I Y
V)

20

Ans.(A)-(a); (B)-(p, s); (C)-(s); (D)-(q, 1)

Solution.
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(A) — () : JKis a isovolumic process. Therefore work done is zero. But there is
decrease in pressure. Now AQ =AU +AW. Therefore AQ = AU. In this case AU =
nCvAT and P uT.

Since pressure has decreased means temperature has decreased. Therefore AU is
negative and so is AQ.

(B) — (p, s) : KL is a isobaric process. Pressure is constant.

The volume is increasing therefore AW > 0. Also there is an increase in temperature.
For both the case heat is absorbed.

Therefore AQ > 0.

(C) — (s) : LM is a isovolumic process. Therefore work done is zero. The process
Is accompanied by increases in pressure. In this case, the temperature has increased
and therefore AU > 0. Therefore AQ > 0.

(D)— (q, 1) : The process MJ is accompained with decrease in volume. Therefore
AW < 0. Also from the graph we can conclude that the temperature in the process
decreases.

Therefore DU is also negative = AQ < 0.

Each question contains statements given in two columns, which have to be
matched. The statements in Column-I are labelled A, B, C and D, while the
statements in Columnll are labelled p, g, r and s. Any given statement in
Column-I can have correct matching with ONE OR MORE statement(s) in
Column-I1. The appropriate bubbles corresponding to the answers to these
guestions have to be darkened as illustrated in the following example : If the
correct matches are A-p, s and t; B-q and r; C-p and g; and D-s then the
correct darkening of bubbles will look like the given.

P 9r s t
09200
POOC®

000G ®
POOO®

Oowe

Q.2. Column | contains a list of processes involving expansion of an ideal gas.
Match this with Column Il describing the thermodynamic change during this
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process. Indicate your answer by darkening the appropriate bubbles of the 4 x
4 matrix given in the ORS.

Column | Column 11

An insulated container has two chambers
separated by a valve. Chamber | contains an
ideal gas and the Chamber 11 has vacuum.
The valve is opened.

1 | &

Ideal gas H VACTII

(p) The temperature of the gas decreases

An ideal monoatomic gas expands to twice its

remains original volume such that its g) The temperature of the gas increases or
pressure P o 1/V? where V is the volume of constant
the gas

An ideal monoatomic gas expands to twice its

original volume such that its pressure P « (r) The gas loses heat where V is its volume
1/\/4/3

An ideal monoatomic gas expands such that
its pressure P and volume V follows the
bepaviour shown in the graph

(s) The gas gains heat

Ans. (A)-(a); (B)-(p, 1); (C)-(p, s); (D)-(a, s)

Solution. (A)-(q) : As the ideal gas expands in vacuum, no work is done (W = 0).

Also the container is insulated therefore no heat is lost or gained (Q = 0). According
AU=Q+W

to first law of thermodynamics -~ AU=0

= There is no change in the temparature of the gas (B)-(p, r) : Given PV? =
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constant ....(i)
Also for an ideal gas PV/T = constant

From (i) & (ii) V x T = constant As the gas expands its volume increases and
temperature decreases

=~ (p) is the correct option To find whether heat is released or absorbed let us find a
relationship between Q and change in temperature AT.

We knowthat Q= nCAT ..(1)

where C = molar specific heat Also for a polytropic process we have

R
C=CT__+ ——  and PV%=constant
1-n

Here PV2= Constant. Thereforen =2

R
S C=C + E =C.-R

For monoatomic gas C_ = 3 R

Substituting this value in (1) we get
—nx S AT
Q=n > .

In this case the temperature decreases 1.e. AT is negative.

Therefore Q is negative. This in turn means that heat is lost by the gas during the
process. (r) is the correct option. (C)-(p, s) : Proceeding in the same way we get in
this case V¥3x T = constant

= As the gas expands and volume increases, the temperature decreases. Therefore

=

(p) is the correct option In this process,

|
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As AT is negative, Q is positive. This in turn means that heat is gained by the gas
during the process () is the correct option.

: Also AT= A(PV)
(D)-(g,s): Also ="

Here A(PV) is positive . AT is positive

-~ temperature increase s (q) is the correct option From the graph it is clear that
during the process the pressure of the gas increases which shows that the internal
energy of the gas has increased. Also the volume increases which means work is
done by the system which needs energy.From these two interpretation we can
comfortably conclude that the gas gains heat during the process. (s) is the correct
option.

Each question contains statements given in two columns, which have to be
matched. The statements in Column-1 are labelled A, B, C and D, while the
statements in Columnll are labelled p, g, r and s. Any given statement in
Column-I can have correct matching with ONE OR MORE statement(s) in
Column-I1. The appropriate bubbles corresponding to the answers to these
guestions have to be darkened as illustrated in the following example : If the
correct matches are A-p, s and t; B-q and r; C-p and g; and D-s then the
correct darkening of bubbles will look like the given.

0 oW
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Q.3. One mole of a monatomic gas is taken through a cycle ABCDA as shown in
the P-V diagram. Column Il give the characteristics involved in the cycle.
Match them with each of the processes given in Column I.

Column | Column Il

(p) Internal energy decreases
(A) Process A — B
(B) Process B — C () Internal energy increases

(€) Process C — D (r) Heat is lost

(D) Process D — A (s) Heat is gained

(t) Work is done on the gas

Ans. (A)'(p1 r t): (B)'(p’ r), (C)'(q’ S), (D)'(r’ t)

Solution. (A) Process A— B This is an isobaric process in which the volume of the
gas decreases. Therefore work is done on the gas.

W =P (3V - V) = 2PV

Also temerature at B is less than temperature at A \ Heat is lost & internal energy
decreases. (p, r, t) are correct matching

(B) Process B — C This is an isovolumic/isochoric process in which the pressure
decreases Here temperature at B is less than temperature at C. \ Heat is lost and
internal energy decreases. (p, r) are correct matching.

(C) Process C — D This is isobaric expansion where temperature at D is greater than
temperature at C. Therefore internal energy increases and heat is gained. (q, s) are
correct matching

(D)D— A
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This is a process in which volume decreases. Therefore work is done on the gas.
Applying PV = nRT

_ 9PV
R

9PV

R
=T,=Tp ~AU=0
Now, AQ=AU+W L AQ=W.

for DP(9V)=1RT}, - Ty,

forA3P(3V)=1RT, - T,=

The energy obtained by the gas by work done on it is lost to the surroundings as A U
=0.

=~ (r, t) are correct matching.

Following question has matching lists. The codes for the list have choices (a),
(b), (c) and (d) out of which ONLY ONE is correct.

Q.4. One mole of a monatomic ideal gas is taken along two cyclic processes E —
F—-GvEand E — FvHyvE as shown in the PV diagram. The processes
involved are purely isochoric, isobaric, isothermal or adiabatic.

P4
1E,

Match the paths in List | with the magnitudes of the work done in List Il and
select the correct answer using the codes given below the lists.

PGoE 1. 160 PoVo |n2

Q.G — H 2. 36 PoVo
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R.F—H 3. 24 PoVo

4. 31 PoVo

SF—-G
Codes:

P Q R 5
@ 4 3 2 1
®) 4 3 1 2
© 3 1 2 4
@ 1 3 2 4
Ans. (a)
Solution.

_ Fy(8Vp) - 32Fy (V)
5
1_

(W) adiabatic =36FVp

3

T

32V
(WEG) isothermal = 1032 PgVp) log, Vo

= 3

=32 Pﬂ‘Uq log,2
=160P,V,log 2

(a) is the correct option
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Integer Value

Q.1.A metal rod AB of length 10x has its one end A in ice at 0.°C, and the other
end B in water at 100 °C. If a point P onthe rod is maintained at 400 °C, then it
is found that equal amounts of water and ice evaporate and melt per unit time.
The latent heat of evaporation of water is 540 cal/g and latent heat of melting of
ice is 80 cal/g. If the point P is at a distance of Ax from the ice end A, find the
value L. [Neglect any heat loss to the surrounding.]

Ans.9

0°C

Solution.

400°C

e 3 i

For heat flow from P to 0

dmy _ KA 400
7~

For heat flow from P to B

dmy KA 300

_d
b = t0x—aa @ [Gﬁm

On solving (i) and (ii), we get =9

100°C

Q.2. A piece of ice (heat capacity = 2100 J kg °C-! and latent heat = 3.36 x

10° J kg1) of mass m grams is at -5°C at atmospheric pressure. It is given 420 J
of heat so that the ice starts melting.Finally when the ice-water mixture is in
equilibrium, it is found that 1 gm of ice has melted. Assuming there is no other
heat exchange in the process, the value of m is

Ans. 8

Solution. Heat supplied = Heat used in converting m grams of ice from —5°C to 0°C
+ Heat used in converting 1 gram of ice at 0°C to water at 0°
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2100 5 1%336x10°

= 420=mx 3+
1000 1000

= 420=mx105+336 - m——5=33ﬂms

Q.3. Two spherical bodies A (radius 6 cm ) and B(radius 18 cm ) are at
temperature Tt and T?, respectively. The maximum intensity in the emission
spectrum of A is at 500 nm and in that of B is at 1500 nm. Considering them to
be black bodies, what will be the ratio of the rate of total energy radiated by A
to that of B?

Ans. 9
TZ
f r,=18c
t\
. b, =500 nm ATHB-;liqgm
Solution. l 2
Rateof total energy radiated by A
Rateof total energy radiated by B
of (4my) ()} f:ﬁ'
ET4(4'FI:.P‘2 {.I:J er
([ Ay V! A
L J [ |: E——‘[:'I_,.r'F.i‘.ﬁ‘::l.ﬂ 's law
?‘i 2 nq

1500""( 6
(3 ) -
Q.4. A diatomic ideal gas is compressed adiabatically to 1/32 of its initial
volume. If the initial temperature of the gas is Ti (in Kelvin) and the final
temperature is a Tj, the value of a is

Ans. 4

Solution. For an adiabatic process, the temperature-volume relationship is
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Here y= 1.4 (for diatomic gas). I'; = éfl =T,.T, = aT,

- 1 4-1 1 0.4 aT.

Q.5. Steel wire of lenght ‘L’ at 40°C is suspended from the ceiling and then a
mass ‘m’ is hung from its free end. The wire is cooled down from 40°C to 30°C
to regain its original length ‘L’. The coefficient of linear thermal expansion of
the steel is 10-° /° C, Young’s modulus of steel is 1011 N/m? and radius of the
wire is 1 mm. Assume that L >>diameter of the wire. Then the value of ‘m’ in
kg is nearly

Ans. 3

Solution. We know that

mgld mgf
}’ — e,

ALSE AASL ~(D)
Also Al ={ o AT -2}

From (1) and (2)

¥ mgi{  mg
C Al AT AaAT

o FAGAT _ 10" x1(1073)? x107° x10
E 10

=m=3

Q.6.A thermodynamic system is taken from an initial state i with internal
energy Ui = 100 J to the final state f along two different paths iaf and ibf, as
schematically shown in the figure. The work done by the system along the paths
af, ib and bf are War = 200 J, Wip = 50 J and Wbt =100 J respectively. The heat
supplied to the system along the path iaf, ib and bf are Qiaf, Qib and

Qvr respectively. If the internal energy of the system in the state b

o
Up=200Jand Q;,~ 5001, Theratio = is
is O
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Ans. 2

Solution. Applying first law of thermodynamics to path iaf

Qo= AU+ W
500 = AUy ¢+200 -, AU =300]

Now,

Q= AUgs+ Wiy + W,
=300+ 50+ 100
0y + Op=4501 (1)

Also O = AU + Wy
- Q4 =100+50=1507 )

Qer _ 300 _
From ()& @) (== 155 =2

Q.7. Two spherical stars A and B emit blackbody radiation. The radius of A is
400 times that of B and A emits 104 times the power emitted from B. The

)
ratio [’“ﬂ of their wavelengths Aa and Ag at which the peaks occur in their

respective radiation curves is

Ans.2
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== =3
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Q.8. A metal is heated in a furnace where a sensor is kept above the metal
surface to read the power radiated (P) by the metal. The sensor has a scale that
displays logz, (P/Po ), where Po is a constant. When the metal surface is at a
temperature of 487°C, the sensor shows a value 1. Assume that the emissivity of
the metallic surface remains constant. What is the value displayed by the sensor
when the temperature of the metal surface is raised to 2767°C?

Ans. 9

Here p .7+ or P=RT*

P
" logy P=logy By+log, T* - log, E=xuag21"
Solution.

P
AtT=487°C=T60K, 1°E2 B 4logy T60=1__ (1)
AtT=2767°C=3040K,

193‘,1 =41og, 3040 = 41og, (T60x 4]
Po

=[4 log 2 760+ l0g22? ]

=4log, 760 + 8= 1+ 8=9
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