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HEAT & THERMODYNAMICS

THERMAL EXPANSION
INTRODUCTION:

Solid are made of atoms and molecules. At a given
temperature, the atoms and molecules are placed at some
equilibrium distance. When heat is supplied to solid, the
interatomic separation increases by which there is an
expansion of solids. This expansion can be in terms of
length/area/volume. The thermal expansion of solid is
classified as

Thermal expansion of solid

Linea}r Superficial Cubicgl
expansion expansion expansion
LINEAR EXPANSION OF SOLID

Almost all solids expand on heating. On increasing the
temperature of a solid, its length increases. This change in
length of a solid on heating is called linear expansion.

Coefficient of linear expansion is defined as fractional
increase in length per °C rise in temperature. If ¢ is the
length of the rod at T K and as the temperature is changed
to T + AT its length becomes ¢ + A/, so coefficient of linear

%)
NeJ o de
AT  ¢dT

It is positive for metals except carbon. The value of a is
negative for plastic because in plastic when the temperature
increases, length decreases. The numerical value of o is
same in both the units i.e. in Per Kelvin or per °C
If ot is coefficient of linear expansion at t,°C.
£, = length of the rod at t,°C
£, = length of the rod at t,°C

Ly=0[1+a(ty—t]
t may be in any unit °C or K because in the formula there is
a difference of temperature which remains same for °C or K.
Bimetallic strip : Iftwo strips of different metals are welded
together to form a bimetallic strip, when heated uniformly it
bends in the form of an arc, the metal with greater coefficient
of linear expansion lies on convex side. The radius of arc
thus formed by bimetal is :

d d

R=——— or R=
(0 —ay)(ty —t;)

expansion is given byo =

(o —oy)t

T . 5

L

d
Attc
d

where t = temp. difference between the
two ends, d = thickness of each strip
oy & a, — coefficients of linear expansion

Example1:
Find the length of the steel rod which would have the same
difference in length with a copper rod of length 24 cm at all
temperatures. (o, =18x 1079k 1, Olgpoe™ 12 X 100k 1.

i ciopper .
Sol. By linear expansion of solids, we have
Al = Lo AT
S0 Zsteel : OLsteel'AT - Zcopper' OLcopper'AT

Ccopper %copper 24 x18x107°

loq= =36cm
steel Usteel 12x107°
Example2:
A metal sheet with a circular hole is heated. The hole
(1) Gets larger (2) Gets smaller
(2) Remains of the same size  (4) Gets deformed

Sol. (1). When a body is heated, the distance between any two

points on it increases. So due to thermal expansion of solids,
the hole gets larger.

Thermal stress : When arod is heated or cooled, it expands
or contracts. It is turned as free expansion of the rod
2 t‘l’C
L%

[ t5C strain=0

Actually no strain is being developed because on increasing
the temperature the length of the rod increase so at t, °C, ¢,
because natural length of rod.

Now if the ends of the rods are rigidly fixed so as to prevent
it from expansion or contraction than stress is produced in
the rod. By virtue of this thermal stress the rod exerts a
large force on the supports.
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The first figure indicates the rod kept at a temperature t,°C
having ¢;. The rod is between two rigid supports. If the
supports were not there then on increasing the temperature
the free expansion occurs by which length becomes /, at
higher temperature t,°C. The third figure indicates that on
increasing the temperature to t,°C, the length remains same
but a compressive strain is induced in the rod.
If ¢, is the length of the rod at t,°C and on increasing
temperature to t,°C its length becomes /, then

L=l [T+, —t)] 5 =0+ oty —t)

by =20

2(} L—a(t,-t)

Above relationship indicates the thermal strain developed

L1t

in the rod. i.e. Thermal strain= ’ =a(t,—t))
.. stress
In elasticity, Young's modulus = .
strain
Stress = Ya (t, - t;)
As f stress F Yo(t, —ty)
s force = ; Force= ————
Area A

If the rod is in its natural length

at t,°C while at t,°C it is in /////////////////////////////

compressed state, then ¢

U e

C

—
=5

Changein length

Strain =

Original length

l
In this case first figure represents the rod of length £ at t,°C
when the temperature is lowered to t,°C the length of the
rod remains same but a tensile strain is developed in the

L ((+laA)—0  faAt (A N
T i lant | (+loAt +oar =2
Stress=a At

When the temperature of the rod is increased, the
compressive stress is developed while on decreasing the
temperature of the rod the tensile stress is developed.

— -
F Heated F F

Effect of temperature on Pendulum clock
A pendulum clock consists of a metal rod or wire with the
bob at one end.
Let £, be the length of the simple pendulum at 8,°C than

Cooled

1
time period T is given by T,=2n El ......... 1)
Now when the temperature increases to 0,°C the effective
>
length becomes /, so that T, = 2n E ........ 2)

Dividing eq" (2) by (1), we get

E—,/g—z butfy =0, [1+a(0,—6)]
T, ‘, uttr =4 ab =9
T2 /fl[1+(l(92 —91)]
so == = 7
T 1

L o ]
7, ~[1+a(,-0))" or T =1+ a(0,-6)

L-T
or T, =a(0,-0)

1
Change in time period AT=T, T, = 5 a.A0.T,

The above expression represents the time lost per
oscillation. Thus a pendulum clock loses time in summer
and gains time in winter.

Note : If a pendulum clock is giving correct time when time
period is T then

If T increases, clock becomes slow.

If T decreases, clock becomes fast.

Example3:

A steel rod of length 1m rests on a smooth horizontal base.
If it is heated from 0°C to 100°C, what is the longitudinal
strain developed ?

In this case rod rests on a horizontal base which is the free
expansion on heating. Hence no strain is developed in the
rodi.e. Strain=0

Sol.

Example4:
A steel rod of length 50 cm has a cross-sectional area of 0.4
cm?. What force would be required to stretch this rod by
the same amount as the expansion produced by heating it
through 10°C. (a.= 10k 'and Y =2 x 101! N/m?)

Sol. Force=YAo.AQ =2x10'1x0.4 x 107#x 10 x 10

=0.8x103=800N

Example5:
A pendulum clock with a pendulum made of invar
(a.=0.7 x 107%°C~1) has a period of 0.5 s and is accurate at
25°C. If the clock is used in a country where the temperature
averages 35°C, what correction in necessary at the end of a
month (30 days) to the time given by the clock -

Sol. In time interval t, the clock will become slow by

1 1
A= 0utAB = = x 7 x 107 % 30 X 86400 X (35-25) =9.1s

SUPERFICIALEXPANSION OF SOLID
On increasing the temperature of solid, its area increases.
This change in area is referred as superficial expansion of
solids. If the area of solid at temperature t,°C is A; and on
heating the rod, the area becomes A, at t,°C than

Ay=A[1+B (6 —1))]
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where f is coefficient of superficial expansion at t;°C.
Coefficient of superficial expansion is defined as fractional
increase in area per °C rise in temperature.
AA/A  dA
AT AdT

VOLUME EXPANSION OF SOLID

On increasing the temperature of rod, its volume changes.
If V, is the volume of solid at t;°C and on increasing the
temperature to t,°C the volume becomes V, then,

V, =V, [1+y(t;-t))]
where v is coefficient of volume expansion at t;°C.
Coefficient of volume expansion is defined as the fractional
increase in volume per °C rise in temperature.

_AV/V _dV
AT vdT
Relation between coefficient of linear expansion (a),

coefficient of superficial expansion () & coefficient of
cubical expansion (y) B =2a ; y=3a; B=(2/3)y

Example6:

Sol.

The coefficient of linear expansion of a crystal in one
direction is o) and that in every direction perpendicular to
itis a,,. Find the coefficient of cubical expansion.
V=V, (1+yT)

L3=Ly(1+o,T)Ly*(1 +0a,T)?

or =Ly3(1+a,T)(1+0,T)>

or V=Vl +a;T)(1+0,T)

Hence 1 +yT=(1+o,T)(1 + a2T)2

or 1+yT=(1+o,T)(1+20a,T)=1+(a;+2a,)T

Hence y=a,; +2a,

or

CHANGE INDENSITY OF SOLID WITH TEMPERATURE

Q.1

Q.2

Suppose m is the mass of a solid which at a given
temperature occupies a volume V so that density at 0°C is

m
dg= v Now if the temperature is increased by t°C, mass

will remain unchanged but due to thermal expansion volume
increases so that, V' = V(1 + yt)

m_ m dy
=V VA 4T dey)

Here vy is coefficient of cubical expansion at 0°C.

Now density, d,

TRYITYOURSELF-1

Two identical rectangular strips one of copper and other
of steel are riveted together to form a bimetallic strip
(occopper > Olgeep)- On heating this strip will

(A) Remains straight

(B) Bend with copper on convex side

(C) Bend with steel on convex side

(D) Get twisted

Consider the following statements -

(a) Coefficient of linear expansion has dimension K~
(b) Coefficient of volume expansion has dimensionK !

Q3

Q4

Q5

Q.6

Q.7

(A) Both a and b are correct

(B) a is correct but b is wrong

(C) b is correct but a is wrong

(D) a and b are both wrong

A uniform metallic rod rotates about its perpendicular

bisector with constant angular speed. If it is heated

uniformly to raise its temperature slightly

(A) its speed of rotation increases.

(B) its speed of rotation decreases.

(C) its speed of rotation remains same.

(D) its speed increases because its moment of inertia
increases.

An aluminium sphere is dipped into water. Which of the

following is true?

(A) Buoyancy will be less in water at 0°C than that in
water at 4°C.

(B) Buoyancy will be more in water at 0°C than that in
water at 4°C.

(C) Buoyancy in water at 0°C will be same as that in
water at 4°C.

(D) Buoyancy may be more or less in water at 4°C
depending on the radius of the sphere.

As the temperature is increased, the time period of a

pendulum

(A) increases as its effective length increases even
though its centre of mass still remains at the centre
of the bob.

(B) decreases as its effective length increases even
though its centre of mass still remains at the centre
of the bob.

(C) increases as its effective length increases due to
shifting of centre of mass below the centre of the bob.

(D) decreases as its effective length remains same but
the centre of mass shifts above the centre of the bob.

The radius of a metal sphere at room temperature T is R,

and the coefficient of linear expansion of the metal is o .

The sphere is heated a little by a temperature AT so that

its new temperature is T + AT . The increase in the volume

of the sphere is approximately

(A)2n R a AT (B) nR% o AT

(C)4nR3a AT /3 (D) 4n R30AT

Calculate the temperature which has same numeral value

on celsius and Fahrenheit scale.

ANSWERS
@®»)
G A)

1 B

@ (A
(7) —40°C=-40°F

3)®B)
©) (D)

CALORIMETRY

HEAT

Heat is a form of energy. It is measured in joule. It is also
measured in the unit calorie

Heat is felt by its effects. Some of the effects of heat are :
(a) Change in the degree of hotness

(b) Expansion in length, surface area and volume

(c) Change in state

T
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(d) Change in the resistance of a conductor
(e) Thermo e.m.f. effect
When a hot body is put in contact with a cold one, the
former gets colder and the latter warmer. From this obser-
vation it is natural to conclude that a certain quantity of
heat has passed from the hot body to the cold one.
Definition of 1 Calorie : Amount of heat required to raise
temperature of one gram of water from 14.5 °C to 15.5 °Cis
known as one calorie.
Specific heat : The amount of energy needed to raise the
temperature of unit mass of that substance by 1°C (or 1K).
It is denoted by s or c.
If the temperature of a substance of mass m changes from
T to T + dT when it exchanges an amount of heat dQ with
. s then s shocific hoat is ¢ =199
its surroundings then its specific heat is 0 dT
Unit :
(a) CGS unit of specific heat is cal/g-°C
(b) MKS unit of specific heat is kcal/kg-K
(c) ST unit of specific heat is joule/kg-K
For example, the specific heat of water is :
Cyater = 1cal/g-°C = 1cal/g-K=1kcal/kg-K=4200 Joule/kg-K
When a substance does not undergo a change of state
(i.e., liquid remains liquid or solid remains solid), then the
amount of heat required to raise the temperature of mass m
of the substance by an amount A0 is

AQ =msAO
The specific heat depends on the pressure, volume and
temperature of the substance.
For liquids and solids, specific heat measurements are most
often made a constant pressure as functions of tempera-
ture, because constant pressure is quite easy to produce
experimentally.
The temperature dependence of the specific heat of water
at 1 atmospheric pressure is shown in figure. Its variation
is less than 1% over the interval from 0 to 100°C. Such a
small variation is typical for most solids and liquids, so
their specific heats can generally be taken to be constant
over fairly large temp. ranges.

1.008 [

1.004 [

1.000

Specific heat (cal/g.°C)

0996 . v 4 ooy
0 20 40 60 80 100
Temperature (°C)

The temperature dependence of the
specific heat of water at 1 atm.

Gram Specific Heat "¢ : The amount of heat required to
raise the temperature of the 1 gram substance by 1°C is
known as "gram specific heat".

Heat required to raise the temperature of m gram substance
by AB°C, Q =mc A6.

cal cal

Unit : gm°C ot gm — kelvin

Molar Specific Heat "C" : "Molar heat capacity C is the
heat required to raise the temperature of 1 mole of a gas by
1°C (or 1 K)." Heat required to raise the temperature of p
gram-mole substance by AG°C,Q =uM, ¢ AQ

Ifu=1and AO=1°C thenQ=C, so C=M,c

For a gas the value of C depends on the process through
which its temperature is raised.

For example, in an isothermal process AT =0 or C; = oo.
In an adiabatic process AQ = 0. Hence, C, 4; = 0.

Thus, molar heat capacity of a gas varies from 0 to o
depending on the process.

MOLARHEAT CAPACITY

The amount of energy needed to raise the temperature of
one mole of a substance by 1°C (or 1K).

The molar heat capacity is the product of molecular weight
and specific heati.e., Molar heat capacity

C = (Molecular weight M) x (Specific heat c)

c_1do
p dT
when L is the number of moles of the substance. If M is the

m
molecular mass of the substance, then p = M where m is

M dQ
the mass of the substance and, C=—.—

m dT
Unit : SI- J/mol-K.

THERMALCAPACITY

The quantity of heat required to raise the temperature of
the whole of that substance through 1°C. The thermal ca-
pacity of mass m of the whole of substance of specific heat
s is equal to (ms) kilocalorie i.e.,

Thermal capacity = mass % specific heat
Water equivalent of a body : The thermal capacity of a body
ms represents also its water equivalent, since the specific
heat of water is unity.
The water equivalent of a body is the amount of water that
absorbs or gives out the same amount of heat as is done by
the body when heated or cooled through 1°C.
Mass of water having the same thermal capacity as the
body is called the water equivalent of the body

W =mass of body % specific heat

Latent heat or Hidden heat : When state of a body changes,
change of state takes place at constant temperature [m.pt.
or b.pt.] and heat released or absorbed is given by,
Q=mL

where L is latent heat. Heat is absorbed if solid converts
into liquid (at m.pt.) or liquid converts into vapours (at
b.pt.) and is released if liquid converts into solid or vapours
converts into liquid.

=
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(b)

Latent heat of fusion : The quantity of heat (in kilocalories)
required to change its 1 kg mass from solid to liquid state at
its melting point

For ice latent heat of fusion = 80 kilocal/kg.

Latent heat of vaporization : The quantity of heat required
to change its 1 kg mass from liquid to vapour state at its
boiling point.

For water latent heat of vaporisation = 536 kilocal/kg.
Evaporation : Conversion of liquid into gaseous state at all
the temperatures is called evaporation.

It is a phenomenon that occurs at the surface of liquids.
The rate of evaporation increases with rise in temperature.
Heat required to change unit mass of liquid into vapour at
a given temperature is called heat of evaporation at that
temperature.

Sublimation : Sublimation is the conversion of a solid
directly into vapours. Sublimation takes place when boiling
point is less than the melting point. A block of ice sublimates
into vapours on the surface of moon because of very-very
low pressure on its surface. Heat required to change unit
mass of solid directly into vapours at a given temperature
is called heat of sublimation at that temperature.

Heating curve : If to a given mass (m) of a solid, heat is
supplied at constant rate and a graph is plotted between
temperature and time, the graph is as shown in fig. and is
called heating curve. From this curve it is clear that :

E
IS
T) b.pt. C

I : Boiling
&
. (S
E. m.pt. . B <
S i Melting

.
5
S

o H H
g t

In the region OA temperature of solid is changing with time
$0, Q=mcg AT
or PAt=mcg AT [as Q=P At]

AT
But as AL is the slope of temp/time curve

cg o (1/slope of line OA)
i.e., specific heat (or thermal capacity) is inversely
proportional to the slope of temp/time curve.
In the region AB temperature is constant, so it represents
change of state, i.e., melting of solid with melting point T.
At Amelting starts and a B all solid is converted into liquid.
So between A and B substance is partly solid and partly
liquid. If L, is the latent heat of fusion

Q=mLg or Lg =P(t2Ttl) [as Q =P(t, —t})]
or Lgoclength ofline AB
i.e., Latent heat of fusion is proportional to the length of
line of zero slope.

[In this region specific heat oc (1/tan 0) = o]

(c) Intheregion BC temperature of liquid increases so specific
heat (or thermal capacity) of liquid will be inversely propor-
tional to the slope of line BC, i.e., ¢ o (1/slope of line BC)

(d) In the region CD temperature is constant, so it represents
change of state, i.e., boiling with boiling point T,. At C all
substance is in liquid state while at D is vapour state and
between C and D partly liquid and partly gas. The length of
line CD is proportional to latent heat of vaporisation, i.e.,

Ly; oc Length of line CD
[In this region specific heat oc (1/tan 0) = o0 ]

(e) The line DE represents gaseous state of substance with its
temperature increasing linearly with time. The reciprocal of
slope of line will be proportional to specific heat or thermal
capacity of substance in vapour state.

LAW OF MIXTURES

When two bodies (one being solid and other liquid or both
being liquid) at different temperatures are mixed, heat will
be transferred from body at higher temperature to a body at
lower temperature till both acquire same temperature. The
body at higher temperature released heat while body at
lower temperature absorbs it, so that :

Heat lost = Heat gained,
principle of calorimetry represents the law of conservation
of heat energy. Temperature of mixture (T) is always >
lower temperature (T} ) and < higher temperature (Ty),

T <T<Ty
The temp. of mixture can never be lesser than lower temp.
(as a body cannot be cooled below the temp. of cooling
body) and greater than higher temp. (as a body cannot be
heated above the temp. of heating body). Furthermore
usually rise in temp. of one body is not equal to the fall in
temp. of the other body though heat gained by one body is
equal to the heat lost by the other.

Example 7 :
Steam at 100°C is passed into 1.1 kg of water contained in a
calorimeter of water equivalent 0.02 kg at 15°C till the temp.
of the calorimeter and its contents rises to 80°C. What is
the mass of steam condensed? Latent heat of steam = 536
cal/g.

Sol. Heat required by (calorimeter + water)
Q=(mjc; +myc,) AO=(0.02+1.1x1)(80-15)

=1.12x65=72.8

If m is mass of steam condensed, then heat given by steam
Q=mL+mcA0=mx536+mx 1x(100-80)=556m

- 556m=72.8

.. mass of steam condensed m= % = 0.130 kg
Example 8 :

Sgice at 0°C is mixed with 5g of steam at 100°C . What is the

final temperature?

Sol. Heat required by ice to raise its temperature to 100°C,
Q,=m L, +mc,Ab,
=5x80+5x1x100=400+500=900 cal

o
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Heat given by steam when condensed, ANSWERS
Q,=m,L,=5x536=2680 cal . .

As Q, > Q,. This means that whole steam is not even 1) 3807°C (2) 0.103 cal g™ °C
condensed. Hence temperature of mixture will remain at 100°C. 3) 15.675g/min. (4)(D) G B ®Q)

Example9:

Sol.

Q.1

Q2

Q3

Q4

Q5

Q.6

Find the quantity of heat required to convert 40 gm of'ice at
-20°C into water at 20°C.Given L, .= 0.336 X 100 J/kg.

Sp heat of ice = 2100 J/kg-K sp heat of water = 4200 J/kg-K

) 40
Mass of ice = 1000 0.04Kg

Heat required to raise the temperature of ice from —20°C to
0°C=0.04x2100x20=1680J
Heat required to convert the ice into water at 0°C =mL
=0.04x0.336 x 10°
=134401
Heat required to heat water from 0°C to 20°C
=0.04 x4200 x20=33601J
Total heatrequired = 1680 + 13440 +3360= 18480 J

TRYITYOURSELF-2
A calorimeter of heat capacity 100 J/k is at room
temperature of 30°C. 100 gm of water at 40°C of specific
heat 4200 J/kg-K is poured into the calorimeter. What is
the temperature of water in calorimeter?
In an experiment on the specific heat of a metal, a 0.20 kg
block of the metal at 150°C is dropped in a copper
calorimeter of water equivalent 0.025 kg containing 150
cm?3 of water at 27°C. The final temperature is 40°C.
Compute the specific heat of the metal.
A geyser heats water flowing at the rate of 3.0 litres per
minute from 27 °C to 77 °C. If the geyser operates on a
gas burner, what is the rate of consumption of the fuel if
its heat of combustion is 4.0 x 10* J/g ?
Which one of following would raise the temperature of
20 g of water at 30°C most when mixed with (Specific heat
of water is 1 cal/g-°C)
(A) 20 g of water at 40°C (B) 40 g of water at 35°C
(C) 10 gofwater at 50°C (D) 4 g of water at 80°C
2 kg ofiice at—20 °C is mixed with 5 kg of water at 20 °C in
an insulating vessel having a negligible heat capacity.
Calculate the final mass of water remaining in the
container. It is given that the specific heats of water and
ice are 1 kcal/kg/°C and 0.5 kcal/kg/°C , while the latent
heat of fusion of ice is 80 kcal/kg.
(A) 7kg (B) 6kg
(C) 4kg (D) 2ke
Water of volume 2 litre in a container is heated with a coil
of 1 kW at 27°C. The lid of the container is open and
energy dissipates at rate of 160 J/s. In how much time
temperature will rise from 27 °C to 77 °C ?
(A) 8 min 20s (B) 6 min2s
(C) 7min (D) 14 min

KINETIC THEORY OF GASES

BASIC DEFINITIONS

Avogadro Number N, : The number of molecules present
in 1 gm. mol of a gas is defined as Avogadro's Number.
N, =6.02 % 1023 per gm. mole

1 gram mol weight M : Mass of one mole gas is known as
molecular weight of gas.

Number of ol Mass of gas M
mber of molespy=————— or b =—
" H Mol wt. of gas : Mw
Ifp=1molthenM =M,

M
M, =N,.m ; m=—"

Na

Gram mol. : The quantity of matter in which the number of
molecules is equal to the Avogadro's number, is defined as
gram mol.

Free path : The distance covered by the molecules between
two successive collisions is called the free path.

Mean free path : The average distance covered by the
molecule between two successive collisions is called the

1

\/5 . nnd?

Mean free path depends on nature of molecule (d) and with
increase in n it decreases.

At N.T.P. A for air molecules is 0.01 pm.

Average velocity : Since gas molecules moves randomly in
all possible directions so average velocity of gas molecules
is zero.

Mean speed : Mean speed of average speed is the arithmetic
mean of the speeds of molecules in a gas at a given
temperature.

mean free path. i.e. A =

Mean square velocity : Mean square velocity is defined as
the average of the square of the velocities of all molecules.
Let v, vy, e , vy be the velocities of N molecules of a
gas, then mean square velocity is,

Root mean square velocity (R.M.S. velocity) : The square
root of the average of the squares of the velocities of gas
molecules is called the R.M.S. velocity.

V12 +V% +. +V12\] =
Vims = =\v

N

£
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Example 10 :

Sol.

Velocities of four gas molecules are 2, 3, -4, —1 m/sec
respectively. Find out mean velocity mean speed, mean
square velocity, root mean square velocity.

2+3-4-1
4
2+3+4+1

4
Mean square velocity

Mean velocity = 0

Mean speed = =2.5 m/sec

7 22 432 4 (=4)? +(=1)?
4

4+49+16+1
4
Root mean square velocity

Vims = \/v=2 =+/7.5 =2.7386 m/sec.

=7.5 m?/sec?

IDEALGAS EQUATION

For p mols
For 1 gm. mol
PV=N,KT

PV =uRT and
PV=RT
(N, -k=R)

For one gram of gas PV = RT
W
Values of R, its unit and dimensions :
(a) R=2 Calorie/mol/°C, (b) R=8.31 Joule/mol/°C
(c)R=8.31x 107 erg/mol/°C
Unit S.L : Joule/mol/K.
Dimensions : ML2T 20~ mole™!

POSTULATES OFKINETIC THEORY

)

@

©)

@

®
©)
™

The theory is based on following assumptions as regards
to the motion of molecules and the nature of the gases.
Assumptions of the kinetic theory of gases

The kinetic theory of gases is based on the following
assumptions.

All the molecules of a gas are identical as regards their
shape and mass. The molecules of different gases are dif-
ferent.

The molecules are rigid and perfectly elastic spheres of
very small diameters.

Gas molecules occupy very small space. The actual volume
occupied by the molecule is very small compared to the
total volume of the gas. Therefore volume of the gas is
equal to volume of the vessel.

The molecules are in a state of random motion, i.¢., they are
constantly moving with all possible velocities in all possible
directions.

Normally no force acts between the molecules. Hence they
move in straight lines with constant speeds.

The molecules can have all possible velocities lying
between zero and infinity.

The molecules collide with one another and also with the
walls of the container and change there direction and speed

)

©

(10)

(11)

(12)

due to collision. These collisions are perfectly elastic i.e.,
there is no loss of kinetic energy in these collisions.

The molecules do not exert any force of attraction or
repulsion on each other except during collision. So, the
molecules do not posses any potential energy. Their energy
is wholly kinetic.

The collisions are instantaneous i.e., the time spent by a
molecule in a collision is very small as compared to the time
elapsed between two consecutive collisions.

Though the molecules are constantly moving from one place
to another, the average number of molecules per unit volume
of the gas remains constant.

The molecules inside the vessel keep on moving
continuously in all possible directions, the distribution of
molecules in the whole vessel remains uniform.

The mass of a molecule is negligibly small and the speed is
very large, these is no effect of gravity on the motion of the
molecules. If this effect were there, the density of the gas
would have been greater at the bottom of the vessel.

EXPRESSION FOR THE PRESSURE EXERTED BY A GAS

A gas exerts pressure on the Y

walls of the containing vessel B F

due to continuous collisions of E

the molecules against the wall. A V%V

Consider a gas enclosed in a oy ACAmd' N (SR
cube having each side length /. ©

The area of each face of the 7 T

cube A= (2,

The volume of the cube is V = £3. Let the total number of
molecules of the gas inside the cube = N
The mass of each molecule =m
Suppose that the three intersecting edges of the cube are
along the rectangular co-ordinate axes X, Y, and Z with the
origin O at one corner of the cube.
Consider a molecule which has a velocity

V=v, i+vy 3+VZ k
If this molecule collides the face EFGH, it will rebound with
its x component of velocity (v, ). There will be no effect on
vyorv, and after collision molecule will move with constant
velocity along straight path along —ive X-axis.
.. Change in momentum of the molecule = final momentum
- initial momentum = -mv, — (mv,) = -2mv,
Since the total momentum is conserved, the momentum
imparted by the molecule to the wall in this impact to the
face EFGH =2mv,.
. Change in momentum of the surface EFGH = +2mv,
Some time later, the molecule strikes the opposite wall ABCD
and eventually returns to the wall EFGH.
Between two successive collisions with the same face
EFGH, the molecule covers a distance 2/.
Therefore, the time between two successive collisions at

20
the same face EFGH = V_ .

X

e
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Hence in one second, the number of collisions of the

v
molecule with face EFGH = 2—2 )

Change in momentum of surfaces EFGH per second due to
this molecule = [Change in momentum in one collision]
x [Number of collisions per second]

2
v mv
— 2my, x X =X

20 L
To find the total change in momentum per second at the
wall, we add the contributions of all these molecules.
Change in momentum per second

m. > 2 2 2
=7 (Vi1 + Vi FViz +ec F VIN)

By Newton's second law of motion the change in momen-
tum per second is equal to the force.

So pressure on this wall

Force K _m > > 2
= = =— (Vi1 + Vi2 + Vi3t H ViN)

X Area (2 P
Similarly, on the walls normal to Y and Z axes

- m - 2 2
Py = €3 = (Vyl +Vy2 +...... +VyN)

Since molecule are in random motion so they exert same
pressure on all the phases of cubical vessel. As the choice
of the axes has been arbitrary, so P, = Py =P, =P

P, +P +P,

Therefore, P = 3

2 2 2 2 2 2

m (VXI + Vyl + VZI)+ (VX2 + Vy2 + VZ2)
2 2 2

303 (VN + VN VN

mN|:V12+V§+ ..... +V12\]:| Nm ,

P :ﬁ N 3V Vims
1 2 1M
PV:ENm'VrmS or P= 5 V A\ (mes — Vz)
| Nm .
P= Epvrms (T =p density of gas)

Relation between Pressure and Kinetic Energy :
From kinetic theory of gases,

IN

P 3 V ms

2 1 ,
or PV = g N (Emvrms)

| 3

N [Emvnns] :EPV
1 5

But, EIIIVrms = average K.E. of a gas molecule.

1 3
Total K.E. ofagasE= N (Emvgms) = EPV

3
K.E. per unit volume of the gas E = EP

2
The pressure exerted by a gas is numerically equal to 3 rd

of the kinetic energy of the molecules present per unit
volume of the gas.

Root mean square velocity :

1 M 5 —
PZEVV or 3PV =M v2
V=Y N mass of

=M = mass of gas
=2 [ _M]

P v

_ ey 3P BRT O 3kT
YmsT\M T\ p My \m

(- R=NjkandM =m.N,)
For the molecules of a given gas the root mean square
velocity is proportional to the square root of its temperature

T
inKelvinscale. v, o~T ; Vims = M.
w
. Vrms, T,
For two different temperatures of a gas AT
rms; 1

Visy _ [Ty My

T, M

For two different gases

rms| w2

For given temp. lighter the gas, larger the root mean square
velocity of the molecules.
1

VrmSOC —
m

If v, is equal or greater than escape velocity v, than gas
will escape from earth or any other planet and so a planet or

satellite will have atmosphere only and only if

Vims < Ve (= \lzgR)

In earth's atmosphere hydrogen molecules acquires this
velocity due to elastic collisions with other molecules and
escape, so free hydrogen is not present in atmosphere.

[#
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Kinetic Interpretation of Temperature :

It is clear that the mean kinetic energy of a molecule is
directly proportional to the kelvin (or absolute) temperature
of a gas. When the temperature of the gas is increased, the
mean kinetic energy of the molecule increases. On the other
hand, when heat is withdrawn from a gas, the mean kinetic
energy of the molecules decreases. Thus, the temperature
of a gas is a measure of the mean translational kinetic energy
per molecule of the gas.

Effect of temperature on pressure of the gas :

The pressure of a gas is the rate of change of momentum of
molecules striking the walls of container per unit area. When
the temp. increases, the root mean square speed of gas
molecules also increases. This causes an increase in change
in momentum of the molecules as well as the frequency of
collisions. Consequently the increase in temp. results in an
increase of rate of change of momentum of striking
molecules per unit area and hence an increase in pressure.

Example 11 :

Sol.

Calculate the temperature at which rms velocity of SO,
molecules is the same as that of O, molecules at 27°C.
Molecular weights of oxygen and sulphur dioxide are 32
and 64 respectively.

For oxygen, T=(27+273)K=300K

Molecular weight of oxygen, M, =32

rms velocity of O, molecules at 27°C,

v = 3RT  [3xR x300 Sinoe Voms = 3RT
- =\l < .DInce -
ms MW 32 rms MW

T Tso,  Mso,
for same v, —— =constant .. T02 Moz
w
Mso, 64

or TSO2 :T02 X =300X§=600K

03

tso, = T302 —273=(600-273)°C=327°C

Example 12 :

Sol.

At what temperature will helium molecules have the same
R.M.S. velocity as hydrogen molecules at N.T.P.? Take
molecular weight of Hydrogen & Helium as 2 & 4

respectively.
Given : VimsHe ~ VrmsH> MWH =2, MwHe =4
But VimsH = VrmsHe
3RTy _ 3RTy, 273 The
My My 2 4

Tye =2 % 273 =546 K 0r 273 °C

EXPLANATION OF GAS LAWS FROM KINETIC THEORY

Boyle's Law : According to this law, the product of the
pressure and the volume of a given mass of gas at constant
temperature is constant. From the kinetic theory of gases,
the pressure of a given mass of an ideal gas is given by

P
Y

1 mN

= ET mes , where, mN is the mass of the gas which is

constant. If the temp. remains constant, the mean-square-

velocity of the molecules, mes, also remains constant.

Thus, from the above equation, we have PV = constant.
This is Boyle's law.
1
Voo P (T = constant)  or P,V,=PV;
Thus, P-V graph in an isothermal process is a rectangular

hyperbola, or PV versus P or V graph is a straight line
parallel to P or V axis.

PV
A

T=constant
T=constant

>V » PorV

Charle's Law : According to this law, the volume ofa given
mass of gas at constant pressure is directly proportional to
the absolute temperature of the gas. From kinetic theory,
we have

2N(1 2
V:—E[—mvfmsj : V:—E(EkTJ Nyt
3Pp\2 © T 3P\2 P

1 3
|:'.' El’l’lVIZ.l,nS = Eij|
If the pressure P is constant, then for a given mass of the
gas, we have V oc T. This is Charle's Law.

Voo VY%
$0 7 =constant or “ToT T

Thus, V-T graph in an isobaric process is a straight line

\Y%
passing through origin, or T versus V or T graph is a

straight line parallel to V or T axis.
\%
vV

T
P=constant

P=constant

I/ » T(inK) i » VorT
Gay Lussac's law of Pressure law
For a given mass of a gas the pressure of a gas at constant
volume (called isochoric process) is directly proportional
to its absolute temperature, i.e. Poc T (V = constant)

p |

or — =constant or L=—L
T Vi

i

Erew
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P-T graph in an isochoric process is a straight line passing

P
through origin or T versus P or T graph is a straight line

parallel to P or T axis.

—~ |

‘V=constant

T(in K) PorT

Avogadro's Law : Equal volumes of 'all' gases under the
same conditions of temperature and pressure contain equal
number of molecules.
At same pressure equal volumes V of different gases contain
1 and N, molecules of masses m; and m,.
1 1
PV =§m1N1V and PV —Emzsz

ms; rms)

2
= mlNIVrm 5] —m2N2V

rmsy

Now, if the gases are at the same temperature, their average
kinetic energies of translation per molecule are equal. That

A 1 2
is —myv. =—mpVv
2 ms; o ms)

Applying this result in the last expression, we get Ny = N,.

Dalton's Law of Partial Pressures : The total pressure
exerted by a mixture of non-reacting gases occupying a
vessel is equal to the sum of the individual pressures which
each gas would exert if it alone occupied the whole vessel.
Let as consider a mixture of gases occupying a volume V.
Suppose the first gas contains N; molecules, each of mass
m; having mean-square-speed meSl , the second gas

contains N, molecules each of mass m, and mean-square-
2 .
speed Vims, > and so on. Let Py, P,,........ respectively the
partial pressures of the gases. Each gas fills the whole
volume V. According to kinetic theory, we have
1 2 1 2
PV = 5mlvaImsl , V= Emzszrms2 , and so on.

Adding, we get

(Pl +P2 +oonns ) V= —(mlNlV +m2N2V +. )_@

rms; ms,
Now, the whole mixture is at the same temperature.

1 2 1 2

ms, =Em

Mixture has a total number of molecules (N; + N, +

Hence the pressure P exerted by the mixture is given by
1
V=§(N1+N2+ ...... )mV

ThatP=P;+P,+......
This is Dalton's law of partial pressures.

DIFFERENT TYPES OF SPEEDS OF GAS MOLECULES
Most probable speed v, |
It is the speed which maximum number of molecules in a
gas have at constant temperature and is given by

2RT [ [2)
Vinp = M_w =L\/;J Vims = 0.816 v ¢

Average speed v,
It is the arithmetic mean of the speeds of molecules in a gas
at a given temperature, i.e,
Vi +V2 +V3 +....+ VN
Vav = N
and according to kinetic theory of gases,

/ 8RT ( /
Vay = Vims = =0.92 Vims

> >
Vr ms Vav Vmp

Example 13 :
Nitrogen is in equilibrium state at T =421 K. Find the value
of most probable speed, v,

,3RT
Sol. Vmp = \/7 Vrms \/7
_[2x8.31x(421)
V' o28x10®

MAXWELLIAN DISTRIBUTION OF MOLECULARSPEEDS
At a given temperature, the root-mean-square speed of the

molecules of a gas is constant. However, the speeds of
individual molecules vary over a wide range.

2x8.31x421

3 = 500 m/s.
28x10™

A 0°C
100°C

500°C
1000°C

Fraction of molecules
with velocity v to +dv

Velocity of Molecules

Maxwell derived mathematically a relation for the most
probable distribution of speeds among the molecules of a
gas (in the steady state).

il
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This relation can be called mathematical statement of a law
known as Maxwell's law of distribution of molecular speeds.
At a given temperature the velocities of gas molecules may
have any value between zero and infinity.

The number of molecules having speeds zero and infinity
is very small. The number of molecules with most probable
velocity is the maximum.

The most probable velocity of gas molecules increases with

increasing temperature Vi, < VT .

The mean molecular energy goes on increasing with
increasing temperature.

At a given temperature the area enclosed between the
curve and velocity axis represents the total number of
molecules.
At a given temperature the velocities of different molecules
are different.

The number of molecules with higher velocity increases
with increasing temperature.

This law agrees remarkably well with observations under
ordinary conditions. But it fails at high densities.

DEGREE ORFREEDOM (f)

The term degree of freedom refers to the number of possible
independent ways in which a system can have energy.
Degree of freedom of gas molecules
A gas molecule can have following types of energies :
(i) Translational K.E. (i1) Rotational K.E.
(iii) Vibrational energy (potential + kinetic)
Vibrational energy : The forces between different atoms
of a gas molecule may be visualized by imagining every
atom as being connected to its neighbours by springs.
Each atom can vibrate along the line joining the atoms.
Energy associated with this is called vibrational energy.

«—> «—>

*—oooo0o *

Degree of freedom of monoatomic gas
A monoatomic gas molecule (like He) consists of a single
atom. It can have translational motion in any direction in
space. Thus, it has 3 translational degrees of freedom.
f=3 (all translational)
It can also rotate but due to its small moment of inertia,
rotational kinetic energy is neglected.
Degree of freedom of a diatomic and linear polyatomic gas
The molecules of a diatomic and linear polyatomic gas (like
0,, CO, and H,) cannot only move bodily but also rotate
about any one of the three co-ordinate axes as shown in
fig. However, its moment of inertia about the axis joining
the two atoms (x-axis) is negligible. Hence, it can have only

two rotational degrees of freedom.
z

A

|

o

Thus, a diatomic molecule has 5 degrees of freedom : 3
translational and 2 rotational. At sufficiently high
temperatures it has vibrational energy as well providing it
two more degrees of freedom (one vibrational kinetic energy
and another vibrational potential energy). Thus, at high
temperatures a diatomic molecule has 7 degrees of freedom,
3 translational, 2 rotational and 2 vibrational.

f=15 (3 translational + 2 rotational) at room temperatures
and f=7 (3 translational + 2 rotational + 2 vibrational) at
high temperatures.

Degree of freedom of nonlinear W
polyatomic gas : vy
A nonlinear polyatomic 1

molecule (such as NH;) can
rotate about any of three
co-ordinate axes.

Hence, it has 6 degrees of freedom 3 translational and 3
rotational. At room temperatures a polyatomic gas molecule
has vibrational energy greater than that of a diatomic gas.
But at high enough temp. it is also significant. So it has 8
degrees of freedom 3 rotational, 3 translational and 2
vibrational. Thus,

f=6 (3 translational + 3 rotational) at room temperatures
andf= 8 (3 translational + 3 rotational + 2 vibrational) at
high temperatures.

MAXWELL'S LAW OF EQUIPARTITION OF ENERGY

For a dynamical system in thermal equilibrium, the energy
of the system is equally distributed amongst the various
degrees of freedom and the energy associated with each

1
degree of freedom per molecule is EkT ,

1 3
Translational kinetic energy of a molecule EmVrzms = ) kT

2 2 I 3

we have, EI'IlVl.mSX +EmVrmsy + Emvrmsz = EkT

The molecular motion is a random one and as no direction
of motion is a preferred one, the average kinetic energy

corresponding to each degree of freedom is the same, i.e.

1 > 2 2

2 MVimgx 2 MVimgy = Emvrmsz

1 2 1 2 1 2 1
EmvrmSX = Emvrmsy = EmvrmSZ =—kT

Mean kinetic energy per molecule per degree of freedom
1

=—kT
2

In each degree of freedom energy of one mole of an ideal

1
gas = 5 RT . If f be the number of degrees of freedom, the

[#
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f
internal energy of 1 mole of the gas will be > RT orinternal

energy of p moles of the gas will be % fRT.; U= %f RT

TWO SPECIFIC HEATS FORA GAS

()
(i)

When gases are heated, small change in temp. is

accompanied with considerable change in both, volume

and pressure. Hence it is necessary to define two specific

heats of gases.

Specific heat of a gas at constant volume "c_ " :

It is the quantity of heat required to raise the temperature

of unit mass of a gas through 1°C or 1K at constant vol-

ume.

Molar specific heat constant volume "C_ " :

The amount of heat required to raise the temperature of

1 mole of gas through 1 K (or 1°C) at constant volume. It is

denoted by C.,..

If M, is the molecular weight of the gas in gram, then
C,=M,, .c,

At constant volume no external work is done by gas and

total heat given to it is utilized for increase in internal energy

sodU=pC, dT.

Specific heat of a gas at constant pressure "cp" :

It is the quantity of heat required to raise the temperature

of 1 gram of a gas through 1°C or 1 K at constant pressure.

Molar specific heat constant pressure :

The amount of heat required to raise the temperature of 1

gram-mole of gas by 1 K (or 1°C) at constant pressure. It is

denoted by Cp. C,=M,,. <,

Unit : Both Cp andC,:J K- mol™.

Cp is greater than C_:
If a gas is heated at constant volume, the gas does no work
against external pressure. In this case, the whole of the
heat energy supplied to the gas is spent in raising the temp.
of the gas.
If a gas is heated at constant pressure, its volume increases.
In this case, heat energy is required for the following two
purposes :
To increase the volume of the gas against external pressure.
To increase the temperature of 1 mole of gas through 1 K.
Thus, more heat energy is required to raise the temperature
of 1 mole of a gas through 1 K when it is heated at constant
pressure than when it is heated at constant volume.

Cp >C,
According to Mayor's formula C, - Cy,=R

Example 14 :

Sol.

The difference between the two principal specific heats of
oxygen is 0.062 cal/gm°C. Find the value of universal gas
constant R. Molecular weight of oxygen is 32 & J=4.2 J/cal.
c,—¢,=0.062cal/g°C,J=4.2 J/cal M =32

p
_R
Cp - CV = MJ
orR=(c,~¢,)MJ =0.062x32x42 =8332J/mol °C

Example 15:

One mole of a gas occupies 22.4 lit at N.T.P. Calculate the
difference between two molar specific heats of the gas.
J=4200 J/kcal.

Sol. V=224litre=22.4x 103 m3, J=4200 J/kcal

by ideal gas equation for one mole of a gas,

_ PV 1.013x10° x22.4x107

R
T 273
R 1.013x10° x22.4
= Cy == Z 220 1 979 keal/kmol K
T 273%4200

RELATION BETWEEN C,, Cp ANDYFORIDEALGAS:

f
Internal energy for p moles, U = HERT

For1 1 U fRT LUt
or 1 gm. mole gas =3 4T 2

dU
then Cy, =—

Ifu=1mol
p=1mole T

dU=pC, dT
1 1
So C, =5fR and hence C,, =5Rf + R

C lfR-l—R
Now y :C—pz 2
v —fR
2

[

2
,s0 Y=1+— and f =
f -1

-

R R
o=k MR
y-17 y-1
(1) For a monoatomic gas,

3R SR 5
vIp G Ty ad =3l
(2) For a diatomic gas,

SR 7R
“=5%=7
(3) For atriatomic or polyatomic gas,

4
3

C
-

dy=—=14
and Y 5

Cy =3R,C, =4R and y =~ =133

Example 16 :

Find the number of degrees of freedom of molecules in a
gas whose molar heat capacity at constant pressure is 29 J/
mole.K. R=8.31 J/mole.K

Sol. Cp =29J/mole K, C = Cp -R=29-8.31=20.69

c
== 2 4
C,  20.69

2 2 2
But, ’YZF+1 ’F+1=14 or f:a:S

s
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Example 17 :

What is the total kinetic energy of 2gm of nitrogen at 300
K? Given : molecular weight of nitrogen = 28.
M,,=28,T=300K,R=8.31x 107 ergmol~' K~

Kinetic energy of 2gm of nitrogen

Sol.

5,3 RT _3RT _ 3x831x107 x300
2 M, M, 28

=267.1x107 erg

erg

THERMODYNAMIC PARAMETERS FORAMIXTURE OF
GASES
Equivalent molar mass : When p; moles of a gas with
molar mass M, are mixed with p, moles ofa gas with molar
mass M,, the equivalent molar mass of the mixture is given
M, +p,Mp
W+ 1o
Internal energy of the mixture : The total energy of the
mixture U=U; +U,
Cy, of the mixture :
dU=dU, +dU,
or pCydT=p,CydT + p,CyndT
or (kg +1y) Cy =1 Cyy T1yCyp (s p=py +py)

~ Gy TGy,
B tHo
Cp of the mixture : C,=Cy,+R

by M=

_HCy aCyy oM (Cy; +R) +1y(Cy, +R)

or Cp=
B+ i )
~ Cp +1,Cp,

S )
v of the mixture :

Cp

(1) 1) Cy =1, Gy + Gy W
HoR
Yo -1

()R _ R
'Ymix_1 Yl_l
(M +H2) Yy [i53
or = +
Loy -1 yp-1

Y mix ~
Similarly we can solve for more than two gases.

Example 18 :
Two ideal gases at temperature T, and T, are mixed. There
is no loss of energy. If the masses of molecules of the two
gases are m; and m, and number of their molecules are n,
and n, respectively, find the temperature of the mixture.

3
Sol. Total energy of molecules of first gas = Enlle

3
Total energy of molecules of second gas = Ensz2

3
Total energy of molecules of mixture = 5 k(n, T, +n,T,)

3 3
. 5 (n; +1ny) kT = Ek(n1 T, +n,T,)

anl + Ilsz

=T= (n; +ny)

EQUATION OF STATE FOR REAL GASES OR VANDER
WAAL'S GAS EQUATION

The gas equation for 1 mole of an ideal gas is PV =RT.

HYDROGEN
PV /

\_/)/

OXYGEN

— P

If the temperature T remains constant, then PV = constant.
This is Boyle's law. In practice, no real gas strictly follows
this law. At low temperatures and high pressures, gases
show marked deviation from Boyle's Law. in fig. graphs are
drawn between PV and P at 0°C temperature for hydrogen
and oxygen. If these gases were strictly obedient to Boyle's
law, then a graph between PV and P would have been a
straight line parallel to the P-axis.

But it is evident from the graphs that for hydrogen, PV
increases on increasing the pressure P (instead of remaining
constant). For oxygen, as pressure increases, the value of
PV first decreases and then increases. Gases like carbon-
dioxide show still more deviation from Boyle's law.

Vander Waal's Equation : In order to explain the behaviour
of real gases, Vander Waals made the following two
corrections in the ideal gas model :

Finite Size of Molecules : It was assumed in the ideal-gas
model that gas molecules are infinitesimally small so that
the volume occupied by them is negligible in comparison
to the total volume of the gas. But the diameter of the
molecule of a real gas is of the order of 1078 cm while the
mean distance between two molecules of a gas is of the
order of 107 cm.

From this it is evident that of the total volume V of a gas, a
part is occupied by the molecules themselves. Hence the
volume actually available for the molecules to move about
is slightly less than V. The effect cannot be ignored at high
pressure when the volume of the gas is decreased. Thus, if
the observed volume of a gas is V, then its effective volume
will be (V-b).

Where b is a small constant. Value of v is nearly four times
the volume of gas-molecules, because around each
molecule there is a region within which no other molecules
can enter.

Hence, in the ideal-gas equation PV = RT, we shall put
(V—D) instead of V.

T
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(ii) Inter-molecular Force : It was also assumed in the ideal-

gas model that the molecules of a gas do not exert force on

one another.
A
% B

This assumption is not true for real gases. Infact, each
molecule of a real gas exerts a force on other molecules
which is called the 'inter-molecular force'. At ordinary
pressures the gas-molecules are far apart, and so the inter-
molecular force between them is nearly zero. But on
increasing the pressure the molecules come closer and begin
to attract one another. The molecules like A (fig.) which are
completely in the interior of the gas, are equally attracted in
all directions by the surrounding molecules. Hence the net
inter molecular force on them is zero. But molecules like B
(fig.) which are near the wall of the vessel, experience an
inward pull due to a net force acting on them. On account
of this pull, the molecule collides against the wall with a
smaller momentum. The effect is no more negligible at high
pressures and low temperatures (when the motion of the
molecules is comparatively slow).

Then the molecule does not exert so much force on the wall
as it would have exerted in the absence of the inter-molecular
force. Hence the observed pressure of the gas is less than
its ideal pressure. If this reduction is 3, then we shall put P
+ B instead of P in the ideal-gas eq™. (here P is observed
value of pressure). The value of B depends upon the net
inward force exerted on the molecule colliding against unit
area of the wall per second.

B o net force X number of molecules colliding per second.
Each of these factors is proportional to the density of the
gas. “+ B o density x density oc density?.

For a given mass of the gas; density o .
volume

1 .
TP — or B= 12 , where a is constant for 1 gram-

molecule of the gas. So we must substitute P+ % for P in
A%

the ideal-gas equation PV =RT.

On applying the corrections for the finite size of the

molecules and the inter-molecular force, the ideal-gas

equation PV =RT is converted into the following form :

a
For 1 gram mole [P*'?] (V-b) =RT

2 q
For p gram mole [P Tu Wj (V—ub) =pRT

This equation is called Vandar Waal's equation. Real gases
obey this equation to a sufficient extent at high pressures
and low temperatures.

BOYLETEMPERATURE

Q.1

Q.2

Q3
Q4

The temperature, at which the value of PV remains constant
with respect to P, is defined as the Boyle temperature.
The temperature at which the virial coefficient (B) becomes
zero, is defined as the Boyle temperature.

Boyle temperature : The specific temperature at which the
real gases obey Boyle's law, is defined as Boyle temperature.

Tg=a/Rb

Critical temperature (T ) : The limiting temperature at
which a gas can be liquefied only by increasing the pressure
and above which it can not the be liquefied, how large the
pressure may be increased, is defined as critical temperature.

L
€ 27Rb ¢ 27 B
ForCO,, T =3043K
For O,, T,=-118°C
ForN,, T ,=-147.1°C
For steam, T =365°C

Critical Pressure (P ) : The minimum pressure necessary
to liquefied a gas at critical temperature is defined as critical

_a
27b?

For CO,, P =73.87 bar, ForO,,49.7 atmosphere.

Critical Volume (V) : The volume of 1 mol of gas at

critical pressure and critical temperature is defined as critical

volume (Vc). V =3b

For CO,, V=95 x 100 m?.

pressure (P). P

C
Relation between: T,V and P, T

Values of aand b in terms of T, V and P_..

C27R* T2 _RT,
~ 64P, 8P,
TRY ITYOURSELF-3

Boyle’s law is applicable for an

(A) adiabatic process. (B) isothermal process.
(C) isobaric process. (D) isochoric process.

In a diatomic molecule, the rotational energy at a given
temperature

(A) obeys Maxwell’s distribution.

(B) have the same value for all molecules.

(C) equals the translational KE for each molecule.

(D) is (2/3)rd the translational KE for each molecule.
The volume of a given mass of a gas at 27°C, 1 atm is
100cc. What will be its volume at 327°C?

Two molecules of a gas have speeds of 9 x 10 ms~! and
1 x 10° ms~!, respectively. What is the root mean square
speed of these molecules.
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Q5

Q.6

Q.7

QS8

Q.9

Q.10

In kinetic theory of gases, it is assumed that molecules-

(A) Have same mass but can have different volume

(B) Have same volume but mass can be different

(C) Have both mass and volume different

(D) Have same mass but negligible volume

A sample of gas is at 0°C. to what temperature it must be

raised in order to double the r.m.s. speed of the molecule-

(A)270°C (B)819°C

(C)1090°C (D) 100°C

O, is 16 times heavier than H,. If at some temperature the

O, molecules have average kinetic energy E than at the

same temperature. The average kinetic energy of H,

molecules will be-

(A)E/4 (B)4E

(OE (D)E/16

C,and Cp denote the molar specific heat capacities of a

gas at constant volume and constant pressure,

respectively. Then

(A) Cp — C, is larger for a diatomic ideal gas than for a
monoatomic ideal gas

B) Cp + C, is larger for a diatomic ideal gas than for a
monoatomic ideal gas

© Cp/CV is larger for a diatomic ideal gas than for a
monoatomic ideal gas

D) Cp/CV is larger for a diatomic ideal gas than for a
monoatomic ideal gas

A real gas behaves like an ideal gas if its —

(A) pressure and temperature are both high

(B) pressure and temperature are both low

(C) pressure is high and temperature is low

(D) pressure is low and temperature is high

A mixture of 2 moles of helium gas (atomic mass =4 amu)

and 1 mole of argon gas (atomic mass =40 amu) is kept at

300 K in a container. The ratio of the rms speeds

(Vs (helium) )
N (argon) ) 18

Vims (argon)
(A)0.32 (B)0.45
(©)2.24 (D)3.16
ANSWERS
@ ® (2)(AD) (3)200cc
@ V41x10°m/s (5)(D) ©)(B)
™ © (®)(BD) 9 D)
(10) (D)
THERMODYNAMICS

Thermodynamics is a branch of physics which deals with
the inter-conversion between heat energy and any other
form of energy. It is that branch of Physics which deals
with the processes involving heat, work and internal energy.
The thermodynamics is the branch of science in which the
conversion of heat into mechanical work and vice versa is
studied.

System : A specified portion of matter consisting of one or
more substances on which the effects of variables such as

temperature, volume and pressure are to be studied, is called
a system. e.g. A gas enclosed in a cylinder fitted with a
piston in a system.

Surroundings : Anything outside the system, which
exchanges energy with the system and which tends to
change the properties of the system is called its surroundings.
Universe : The system and its surroundings are together
known as the universe.

Homogeneous System : A system is said to be
homogeneous if it is completely uniform throughout. e.g.
Pure solid or liquid.

Heterogeneous System : A system which is not uniform
throughout is said to be heterogeneous.

e.g. A system consisting of two or more immiscible liquids.
Isolated System : A system in which there can be no
exchange of matter and energy with the surroundings is
said to be an isolated system.

Thermodynamic state :

The state of a system can be described completely by (i)
composition (ii) temperature (iii) volume and (iv) pressure.
These parameters are called the thermodynamic parameters
or variables of the system. If a system is homogeneous and
has definite mass and composition, then the state of the
system can be described by the remaining three variables
namely temperature, pressure and volume. These three
variables are interrelated by equation PV = uRT.

The thermodynamic state of the system is its condition as
identified by two independent thermodynamic co-ordinates.

TRIPLE POINT OF WATER

The three curves in the phase diagram of water meet at a
single point A, which is called the triple point of water. The
triple point of water represents the co-existence of all the
three phases of water ice water and water vapour in
equilibrium. The pressure corresponding to triple point of
water is 6.03 x 10~ atmosphere or 4.58 mm of Hg and
temperature corresponding to itis 273.16 K.

Significance of triple point of water : Triple point of water
represents a unique condition and it is used to define the
absolute temperature. While making Kelvin's absolute scale
upper fixed point is 273.16 K and lower fixed point is 0 K.

One kelvin of temperature is fraction of the

1
273.16
temperature of triple point of water.

MECHANICALEQUIVALENT OFHEAT

According to Joule, work may be converted into heat and
vice-versa. The ratio of work done to heat produced is

W
always constant. i.e. qH- constant,J] or W=JH

where J is called mechanical equivalent of heat.

Its value is 4.2 Joule/cal or 4.2 x 10° Joule per kilo-cal. It is
not a physical quantity but simply a conversion factor. It
converts unit of work into that of heat and vice-versa.

In eq". W=JH, W must be in joule, irrespective of nature of
energy or work and H must be in calorie or kilo-calorie.

e
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Example 19:

Sol.

Water falls through a height of 250 m. Assuming that whole
of the energy due to fall is converted into heat, calculate
the rise in temperature of water.

(2=9.8 m/s%, ] =4.18 x 103 Joule/Kilocal)

Here energy converted to heat

W=mgh=mx9.8x250Joule. ... €))
If AT is the rise in temperature, then heat absorbed by
water=msAT=mx1xAT .. 2)

Fromrelation W = JH we have
mx9.8x250=4.18 x 103 xm x 1 x AT.

9.8x250

AT = 3
4.18x10

This gives =0.59°C

Example 20 :

Sol.

A heavy box having a mass of 300 kg is pulled along a level
road for a distance of 10 metre. How many kilocalorie of
heat are produced ? Given : Coefficient of sliding friction=0.2.
Mass of box, m= 300 kg, distance, S = 10 m; Coefficient of
sliding friction, p=0.2
If fbe the frictional force, then
Work done, W =fx S =p RS =pmgS, where R is the
normal reaction.

W=0.2x300x9.8x101J

Heat produced,
2 8x1
Q= B2X0OBXIOY a1~ 1.4 Kilocalorie
J 4.2x10

ZEROTH LAW OF THERMODYNAMICS

If objects A and B are separately in thermal equilibrium with
a third object C (the thermometer), then objects A and B are
in thermal equilibrium with each other.

Zeroth law of thermodynamics introduces thermodynamic
quantity called temperature. Two objects (or systems) are
said to be in thermal equilibrium if their temperatures are
the same. In measuring the temperature of a body, it is
important that the thermometer be in the thermal equilibrium
with the body whose temperature is to be measured.
Different types of temperature scales

The Kelvin temperature scale is also known as
thermodynamic scale. The ST unit of temperature is the kelvin
and is defined as (1/273.16) of the temperature of the triple
point of water. The triple point of water is that point on a P-
T diagram where the three phase of water, the solid, the
liquid and the gas, can coexist in equilibrium.

In addition to Kelvin temperature scale, there are other
temperature scales also like Celsius, Fahrenheit, Reaumer,
Rankine, etc. Temperature on one scale can be converted
into other scale by using the following identity :

Reading on any scale — lower fixed point (LFP)
Upper fixed point (UFP) — lower fixed point (LFP)
= constant for all scales

tK-273.15
373.15-273.15

. °C—0°  t°F-32°
N 100°—0° 2120320

INTERNALENERGY

Internal energy of a system is the energy possessed by the
system due to molecular motion and molecular
configuration. The energy due to molecular motion is called
internal kinetic energy (U,) and that due to molecular
configuration is called internal potential energy (Up).
dU=dU, + dUp
If there no intermolecular forces, then dUp =0.
dU=dU; =mC,_,dT
where m is mass of system, c,, specific heat at constant
volume and dT is change in temperature. If C, is molar heat
capacity C, (= Mc,, M being molecular weight), then for p-
moles of ideal gas

dU = pC,dT = %chT

It is obvious that internal energy in the absence of inter-

molecular forces is simply the function of temperature and

state only, it is independent of path followed.
dU=U;-Uj;

where U; and U; are internal energies in initial and final

states.

THERMODYNAMIC PROCESSES

Thermodynamic process is said to take place if some change
occurs in the state of a thermodynamic system, i.e. the
thermodynamic variables of the system pressure, volume,
temperature and entropy change with time.

Sign Conventions for the study of thermodynamic
processes:

The following sign conventions are adopted in the study
of thermodynamical process :

(i) Heat gained by a system is taken as positive while that
lost by a system is taken as negative.

(i) The work done by a system is taken as positive while
that done on the system is taken as negative.

(iii) Increase in the internal energy of a system is taken as
positive. Decrease in the internal energy of system is taken
as negative.

Indicator diagram or P-V diagram :

The equation of state of a gas is PV = uRT. Out of the three
variables P, V and T, if any two are known, the third can be
calculated. So, two thermodynamic variables are sufficient
to describe the behavior of a thermodynamic system.

T A(P 1» V1)
P \¥

B (P27 V2)
6) vV —>

P-V diagram is a graph between the volume V of a system
and the pressure P of the system. The volume is plotted
against X-axis while the pressure is plotted against Y-axis.
Fig. shows an indicator or P-V diagram. The point A
represents the initial stage of the system. P; and V are the

yre
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initial pressure and initial volume respectively of the system.
The point B represents the final state of the system. P, and
V, are the final pressure and final volume respectively of the
system. The points between A and B represent the
intermediate states of the system.

The indicator diagram helps us to calculate the amount of
work done by the gas or on the gas during expansion or
compression.

‘Work done by thermodynamic system

A gas in a cylinder with a movable piston is a simple example
of a thermodynamic system.

dx

F
PV F=PA

A = area of piston

Figure shows a gas confined to a cylinder that has a movable
piston at one end. If the gas expands against the piston, it
exerts a force on the piston and displace it through a distance
and does work on the piston. If the piston compresses the
gas as it is moved inward, work is also done—in this case on
the gas. The work associated with such volume changes can
be determined as follows.

Let pressure of gas on the piston = P.

Then the force on the piston due to gas is F = PA, where A is
the area of the piston. When the piston is pushed outward
an infinitesimal distance dx, the work done by the gas is

T AP VY

P
B (P27 VZ)

—
Shaded area = work done
dW=F.dx=PAdx
since the change in volume of the gas is dV = Adx,
dW =PdV
For a finite change in volume from V; to Vy, this equation is
then integrated between V; to V. to find the net work

W:de:j\\;deV

Work done by a gas is also equal to the area under P-V graph.
Following different cases are possible.
Case 1. When volume is constant

P P

A B A A

or

A B

V = constant
W,g=0

Case 2. When volume is increasing

p

or

1 >V

V is increasing

W,5>0 W, = Shaded area
Case 3. When volume is decreasing
p p
A B
\\ Brm$mA
A
e | or

V is decreasing W,5<0 W,5=-Shaded area
Case 4. Cyclic process

P P

A A
>V %

(a) (b)

=+ Shaded area
anticlockwise cycle ~ Shaded area

Work Done in Clockwise Cycle

Y

clockwise cycle

P

= +
v \%
. W,p Positive Wag 11
Negative
chclic =W,p Positive + W 5y Negative

= ﬂ area of close path
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Example 21 :

Sol. (a) Zero

For one complete cycle as shown
AE;  for

the gas and (b) the net heat transfer

Q is positive, negative, or zero.

(b) Negative W = -ive

For the case of closed cycle, AE; , =0

and Q = W = area enclosed by the close path.

FIRST LAW OF THERMODYNAMICS

@

A gas in a cylinder with a movable piston is a simple ex-
ample of a thermodynamic system.

Let this system changes from an initial equilibrium state i
to a final equilibrium state f in a definite way, the heat
absorbed by the system being 5Q; and the work done by
the system being W and system change its state through
path 1, again for path 2 heat absorbed by the system is 3Q,
and work done by the system is 3W,. Then the 8Q; — W,
= 0Q, — 8W,. Difference of heat absorbed by the system
6Q and work done by the system OW i.e. 3Q —dW does not
depends on path in between two definite states of the
system. Both 6Q and 6W depend on the thermodynamic
path taken between two equilibrium states, their difference
0Q —8W does not. So, there is a function (internal energy)
of the thermodynamic coordinates (P, V and T) whose final
value (Uy) minus its initial value (U;) equals the change
0Q — W in the process.

P.
A1

' LV

Hence, dU=56Q - oW

This equ”. is known as the first law of thermodynamics.
Change in internal energy dU = U;— U; does not depends
on path it depends only on initial and final positions of the
system. So, it is denoted by dU, but heat supplied to the
system and work done by the system are path dependent
so they are denoted by 6Q and W respectively.

First Law of Thermodynamics :

If some quantity of heat is supplied to a system capable of
doing external work, then the quantity of heat absorbed by
the system is equal to the sum of the increase in the inter-
nal energy of the system and the external work done by the
system. 6Q =dU + W

The first law of thermodynamics is essentially a restate-
ment of the law of conservation of energy, i.e., energy can
neither be created nor be destroyed but may be converted
from one form to another.

Note:

In applying the first law of thermodynamics, all the three
quantities, i.e., 6Q, dU and 6W must be expressed in the
same units, i.e., either in units of work or in units of heat.

(i)

This law is applicable to every process in nature.

(iii) This law is applicable to all the three phases of matter, i.e.,

(iv)

solid, liquid and gas.

dU may be any type of internal energy-translational kinetic
energy, rotational kinetic energy, binding energy etc. Itis a
characteristic of the state of a system.

Limitations of First Law of Thermodynamics :

(a) It does not explain the direction of heat flow.

(b) It does not explain how much amount of heat given will
be converted into work.

Example 22 :

Sol.

@

(b)

When a system is taken from state a to state b, in fig. along
the path a — ¢ — b, 60 J of heat flow into the system, and
30 J of work are done : (i) How much heat flows into the
system along the path a — d — b if the work is 10 J.

Pa

>V

(il)) When the system is returned from b to a along the
curved path, the work done by the system is —20 J. Does
the system absorb or liberate heat, and how much?
(iii) If, U, = 0 and U 4 = 22 J, find the heat absorbed in the
processa —>dandd — b.
For the path a, ¢, b,
dU=dQ-dW=60-30=30J or U, -U,=30J
(i) Along the patha, d, b, dQ=dU+dW=30+10=40]J
(ii) Along the curved path b, a,
dQ=(U,-U,)+W=(-30)+(-20)=-501,
heat flows out the system
(i) Q,q=32J; Qg =8J

Application of first law of thermodynamics

Melting Process : When a substance melts, the change in

volume (dV) is very small and can, therefore, be neglected.

The temperature of a substance remains unchanged dur-

ing melting process. Let us consider the melting of a mass

m of the solid. Let L be the latent heat of fusion i.e., the heat

required to change a unit mass of a solid to liquid phase at

constant temperature. Heat absorbed during melting pro-

cess, 0Q =mL

According to the first law of thermodynamics,
5Q=dU+sW

or mL=dU [+- dW=P3V=Px0=0]

So, the internal energy increases by mL during the melting

process.

Boiling Process : When a liquid is heated, it changes into

vapour at constant temperature (called boiling point) and

pressure. When water is heated at normal atmospheric pres-

sure, it boils at 100°C. The temperature remains unchanged

during the boiling process.

o
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Let us consider the vaporisation of liquid of mass m. Let V,
and V, be the volume of the liquid and vapours respectively.
Then, the work done in expanding at constant temperature
and pressure P, SW=P3V=P(V, -V))
Let L be the latent heat of vaporisation, i.e., the heat required
to change a unit mass of a liquid to vapour phase at
constant temperature and pressure.
.. Heat absorbed during boiling process, 6Q =mL
Let U, and U, be the internal energies of the liquid and
vapours respectively.
Change in internal energy, dU=U, - U,
According to the first law of thermodynamics,

8Q=dU+ oW

mL=(U,-U)+P(V,-V)
or U,-U,=mL-P(V,-V))
Knowing all the quantities on right hand side, we can
calculate the gain in the internal energy.

DIFFERENT THERMODYNAMIC PROCESSES
ISOCHORIC ORISOMETRIC PROCESS

Isochoric process is a thermodynamic process that takes
place at constant volume of the system, but pressure and
temperature varies for change in state of the system.
Equation of state : P=const. x T

(since V is constant, P and T are variable)

Work Done : This is the process

in which volume remains constant

ie. AV=0 P

\3
Work done, AW = J‘V' PdV =0
1

Form of First Law : 5Q =dU V—»p
Whole of heat supplied is utilized for change in internal
energy of the system. 6Q=dU=u C_dT

dp T W
A%

Sl f the P-V b
ope of the curve qv

8
2

Specific heat at constant volume C, : The specific heat at
constant volume is the quantity of heat required to raise
the temperature of 1 gram mole gas through 1 °C at con-
stant volume.

Ex. (1) A gas enclosed in a cylinder having rigid walls and
a fixed piston. When heat is added to the gas, there would
be no change in the volume of the gas.

(2) When a substance melts, the change in volume is neg-
ligibly small. So, this may be regarded as a nearly isochoric
process.

ISOBARIC PROCESS

Isobaric process is a thermodynamic process that takes
place at constant pressure, but volume and temperature
varies for change in state of the system.

Equation of state : V =const. x T

Work Done : This is the process in which pressure remains
constant, i.e. AP =0

Vi
.. Work done W = IV- PdV =P(V; -V))
1

Form of First Law : 6Q=dU+P (V~V,)

or U Cp dT=pC,dT+P(V(-V))

Heat supplied to the system is utilized for :

(a) Increasing internal energy and

(b) Work done against the surrounding atmosphere.

( dP) 0

Slope of the PV curve : | 1/ =

P v isobaric

T dp _ T v _,

P > d_\/_o V dP
V—p P—

Specific heat at constant pressure Cp : The specific heat
at constant pressure is the quantity of heat required to
raise the temperature of 1 gram mole gas through 1 °C at
constant pressure.

Ex. Heating of water at atmospheric pressure.

ISOTHERMAL PROCESS

It is a thermodynamic process in which the pressure and
volume of system change but temperature remains
constant.

In an isothermal process, the exchange of heat between the
system and the surroundings is allowed. In other words, as
isothermal process is carried out by either supplying heat
to the substance or by extracting heat from it.

A process has to be extremely slow to be isothermal.
Equation of state : P.V. = constant uRT (since T is constant)
Work Done : Consider p moles of an ideal gas, enclosed in
acylinder, at absolute temperature T, fitted with a frictionless
piston.

Suppose that gas undergoes an isothermal expansion from
the initial state (P, V) to the final state (P,, V).

Vo, uRT
i Vv

. Work done W = I dv

Va
or W=2.303uRT log, 71

P1
or W=2303uRT 1og10{g} [P, V,=P,V,]

Form of First Law : Since there is no change in temperature

and internal energy of the system depends on temperature

\&)
only so dU=0. So,5Q=2.303 uRT log,, {71}
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Whole of the heat energy supplied to the system is utilized
by the system in doing external work. There is no change in
the internal energy of the system.

Slope of the Isothermal curve : For an isothermal process,
PV = constant

AP

Isotherm

PV = Constant

s
-
Y S—

Vi Vi
Isothermal expansion of an
ideal gas

Differentiating, PdV+VdP=0
P

VdP=—PdV =
or Vd dV or av v

dp P
.. Slope of isothermal, av /. = vV
150

Example :

The temperature of a substance remains constant during
melting. So, the melting process is an isothermal process.
When a substance boils, its temperature remains constant.
So, boiling is an isothermal process.

An ideal gas enclosed in a conducting cylinder fitted with
a conducting piston.

Let the gas be allowed to expand very-very slowly. This
shall cause a very slow cooling of the gas. But heat will be
conducted into the cylinder from the surrounding. Thus,
the temperature of the gas remains constant.

If the gas is compressed very-very slowly, heat will be
produced. But this heat will be conducted to the
surroundings. So, the temperature of the gas shall remain
constant.

If sudden changes are executed in a vessel of infinite
conductivity then they will be isothermal.

Note:

For a given system : The product of the pressure and
volume of a given mass of a perfect gas remains constant
in an isothermal process. In other words, Boyle's law is
obeyed in an isothermal process.

T,>T,
f T,
P
V—>»
At const. P o
Hence T, >T, VeeT

A graph between pressure and volume of a given mass of a
gas at constant temperature is known as isotherm or
isothermal of the gas. In fig., two isotherms for a given gas
at two different temperatures T and T, are shown.

P

Example 23 :

Sol.

An ideal gas expands isothermally
along AB and does 700 J of work. B
(a) How much heat does the gas
exchange along AB. C
(b) The gas then expands [ >V
adiabatically along BC and does 400 J of work. When
the gas returns to A along CA, it exhausts 100 J of heat to
its surroundings. How much work is done on the gas along
this path.
(@) AB is an isothermal process. Hence, AU,z =0
and Qap=W,ug=700J
(b) BC is an adiabatic process. Hence, Q=0 and
Wgc=400 . AUg-=-Wp-=-400J
ABCA is a cyclic process and internal energy is a state
function (AU),1,01c cycle = 0
AU g+ AU +AU-, =0
from first law of thermodynamics,
Qap T QpctQca=Wap T Wt Wep
or 700+0-100=700+400+AW,
" AW, =-5007
Negative sign implies that work is done on the gas.

ADIABATIC PROCESS

It is that thermodynamic process in which pressure, volume
and temperature of the system change but there is no
exchange of heat between the system and the surroundings.
A process has to be sudden and quick to be adiabatic.
Equation of state : P.V=puRT

Equation for adiabatic process PVY = constant

Work Done : Let initial state of system is (P}, V, T) and
after adiabatic change final state of system is (P,, V,, T,)
then we can write P, VY =P, V,¥=K (here K is const.)

Work done W = I \\//2 PdV or
1

1
W= H[Plvl -PV;]
wo R
(r=D
Form of First Law : dU=-—8W
The work done by an ideal gas during adiabatic expansion
(or compression) is proportional to the fall (or rise) in the
temperature of the gas.
If the gas expands adiabatically, work is done by the gas.
So, W_4;, 18 positive.

. T,;>T,. So, the gas cools during adiabatic expansion.
If the gas is compressed adiabatically, work is done on the
gas. So, W, ... is negative.

T, <T,. So, the gas heats up during adiabatic compression.

(T -Ty) (- PV=pRT)
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Slope of the adiabatic curve

A

Isothermal

Adiabatic

>V
Adiabatic and isothermal
expansion of an ideal gas

For an adiabatic process, PVY = constant
Differentiating, Py V¥ =1 dV + VY dP =0
or VYdP=—yPVY-1dv

P yPV'T' 4P

oW T T
. ( dP] __rP
Slope of adiabatic curve, v v

adia
1 = monoatomic

A 2 diatomic

3 —polyatomic

Adiabatic expansion of mono,
dia and polyatomic gases

() ()&,

adia

slope of adiabatic changes

slope of isothermal changes

But y is always greater than one.

So, slope of adiabatic is greater than the slope of isotherm.
Thus, we conclude that an adiabatic is steeper than an
isotherm.

Example :

A gas enclosed in a thermally insulated cylinder fitted with
anon-conducting piston. If the gas is compressed suddenly
by moving the piston downwards, some heat is produced.
This heat cannot escape the cylinder. Consequently, there
will be an increase in the temperature of the gas.

If a gas is suddenly expanded by moving the piston
outwards, there will be a decrease in the temperature of the
gas.

Bursting of a cycle tube.

Propagation of sound waves in a gas.

Expansion of hot gases in internal combustion engine. In
diesel engines burning of diesel without spark plug is done
due to adiabatic compression of diesel vapour and air
mixture.

Expansion of steam in the cylinder of a steam engine.

Adiabatic relation between P and V for ideal gas
Let one mole of a gas contained in a perfectly non-
conducting cylinder fitted with a non-conducting piston.
If P, V and T be the pressure, volume and temperature
respectively of the gas. Now the gas be compressed
adiabatically by moving piston for a infinitely small distance
dx, so for this small displacement, we can consider pressure
P of the gas unchanged.
Decreased volume of the gas =dV
Work done in this small displacement dW =P dV
The heat generated due to compression causes a rise of
temperature dT. Change in the internal energy of the gas
dU = Cy, dT First law of thermodynamics, dU +dW = 0.
(In an adiabatic process, dQ =0)

C,dT+Pdv=0 .. (D

—dx—

Insulating material

For one gram mole ideal gas, PV =RT

Differentiating, PdV+VdP=RdT
PdV +VdP
dfr=—7:— 2
or R )
PdV +VdP
Cy {—} +PdV =0 [Fromeq". (1)and eq™ (2)]

or C,PdV+C VdP+RPdV=0

or (C,+R)PdV+C, VdP=0

ButC,—-C,=R or C,=C,+R . C PdV+C,VdP=0
Dividing both sides by 8 P V we get

CpPdV C vdp dv  dp

\4 :0 = .‘.C_p:,y
cPV Ccpv Ty TR T C,

Integrating, J- yd7V+ I d?Pz
or yj%dvﬂ‘%dpz 0

1
or ylogV=logP =constant | j;dx =log, x

or log V' + log P = constant

or log PVY = constant

or PVY=antilog (constant) = another constant K

. PVY=K

If P,, V, be the initial and P,, V,, the final pressures and

volumes respectively of the gas for an adiabatic change.

Then PV Y=P,V,’

(i1) Adiabatic relation between volume and temperature
TVY~ ! = constant

Y
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If V|, T, be the initial and V,, T, be the final volumes and

temperatures respectively of the gas for an adiabatic

change, then T V¥~ = T,V,'~ 1

(iii) Adiabatic relation between pressure and temperature
TY P! — 7 = constant

If P, T| be the original and P,, T, the final pressures and

temperatures respectively of gas for an adiabatic change,

then TYP,!-7=Ty P, 7

Note : When a gas expands its volume increases, then final

pressure is less for adiabatic expansion. But, when a gas

compresses its volume decreases, then the final pressure

is more in case of adiabatic compression.

P

A

éB 1 1 —Isobaric
IT 2 — Isothermal

3— adiabatic

ADN3

\Y% 2V

Wig>Wir>Wyp
Py P>Pip>Pyp
AP AP > AP > AP,

P

-~
3 1 — Isobaric

2 — Isothermal
2 AD 3 s adiabatic

1T
1B

>V

V2 v
Wap > Wir> W

P¢ Pop>Pip>Pp

AP AP, > AP > AP

Example 24 :

Sol.

Two samples of a gas initially at same temperature and
pressure are compressed from a volume V to V/2. One sample
is compressed isothermally and the other adiabatically. In
which sample is the pressure greater?

Letinitial volume, V| =V and final volume, V, = V/2
Initial pressure, P, = P ; final pressure, P, = ?

For isothermal compression

Adiabatic compression
P,V,=P,V,or P, = B _ PV _
vV, V/2

(Vl\y

' ' V Y_2YP
P,'V,Y=P,V,Yor P,'=P, LVZJ Vi) ©

or P, = 2'P

Since y>1 .. 2V>2 .. P,)>P,

Pressure during adiabatic compression is greater than the
pressure during isothermal compression.

Example 25:

Sol.

A motor tyre pumped to a pressure of 3 atm. suddenly
bursts. Calculate the fall in temperature due to adiabatic
expansion. The temperature of air before expansion is 27°C.
Giveny=1.4.

Initial pressure, P, =
Initial temperature, T | =
Final temperature, = T2

Fall in temperature, T =?

We know that T, P2]1 v = T,YP,' -7

(1, (p)"” . [Lj“‘
300

o (2 (3 -

1.4 04
[T_zj —[l] T,=2192K
o {300 3 or ,=219.

T,-T,=(300-219.2) K=80.8 K

3 atm ; Final pressure, P, =1 atm

(27+273)K=300K

Example 26 :

Sol.

Calculate the work done when 1 mole of a perfect gas is
compressed adiabatically. The initial pressure and volume
of the gas are 105 N/m? and 6 litre respectively. The final
volume of the gas is 2 litres. Molar specific heat of the gas
at constant volume is 3R/2.  [(3)%3=6.19]

For an adiabatic change PVY = constant P, V"=
As molar specific heat of gas at constant volume

3

C,==R
YT

PZVZY

3 5
CP:CV+R = ER-FR :ER ;

G (5/R 5
Cy (/2R 3

. Fromeq™ (1)

PZ_[VI

=(3)%3x10° =6.19 x 10° N/m?

5/3
JPI [—) x10° N/ m?

Work done
1
———[6.19%x10° x2x10° =107 x6x107°]
1-(5/3)
2x10% x3
== = (6.19-3) | =_3x102x3.19=-957joules

[—ve sign shows external work done on the gas]

=y
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Example 27 :

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 and adiabatic change until the
temperature returns to the initial value.

(i) Sketch the process on a P-V diagram.

(i) What are the final volume and pressure of the gas?
(iii) What is the work done by the gas?

Sol. For aperfect gas, PV =pRT

URT _ 2x8.31x(273+27)
v 20%107
(i) Fig. shows the sketch of the process

P

Pl py PV
ta b

Py, Vo

3 3

20 x 10 40 x 10

or P;=2.5x10°N/m?

iV,
(i1) At constant pressure, ?] = E

V.
TZ:[—Z} T, = 2x300 = 600 K
V1

(ii1) The gas now undergoes an adiabatic change.
T,=600K, T,=300K, V,=401it.,V,=?
y—-1=5/3-1=2/3
T,V '=T,V,r !
600 (40)*3 =300 (v,)*3
(232 x40=V, orV,=1124lit.
But, P,V Y=P,V,¥

40 5/3
P, = [—] x2.5x10° =0.45 x 10° N/m?
112.4
FREE EXPANSION

Consider a gas which initially occupies one compartment
of a two-chambered container as illustrated in fig. A
membrance separates the two chambers, and the one on
the right is evacuated. The entire assembly is insulated
from the exterior. Suppose now that the membrane separating
the two chambers spontaneously breaks and the gas
expands freely to fill the entire container. This process is

called a free expansion.

Vaccum pr Ve Tp U

The change in the internal energy of the gas can be
calculated by applying the first law of thermodynamics to
the free-expansion process.

The process is adiabatic because of the insulation, so Q=0.
No part of the surroundings moves (we consider the
rupturing membrance to be an inert part of the system) so
the system does no work on its surroundings.

For ideal gas :

(6W),; = work done against external atmosphere
=P dV =0 (because P =0)
(6W),,, = work done against internal molecular forces =0
0=dUu+0 (6Q=dU +3W)

Therefore, the internal energy does not change. dU=0
U — const. T — const.
The initial and final states of this gas have the same internal
energy. Which implies that the internal energy of an ideal
gas does not depend on the volume at all. The free-
expansion process has led us to the following conclusion :
The internal energy U(T) of an ideal gas depends only on
the temperature.
For real gas :
3Q=0, W), =0 (- P=0)
(EW)jy, %0

(intermolecular forces are present in real gases)

0=dU+ (W),

dU=-@W),,, UlTI
Free expansion real gases, measurements show that the
temperature changes slightly in a free expansion. Which
implies that the internal energy of a real gas depends on
the volume also.

CARNOTCYCLE

Carnot devised an ideal engine which is based on a
reversible cycle of four operations in succession : isothermal
expansion, adiabatic expansion, isothermal compression and
adiabatic compression.

A A Isothermal
o expansion
o:
0.C
= H =]
I S o L 2.2
Ka) 8 —g (%)
< 1 =]
P & g‘i 8 s
< Ei /"3
Si <3

Isothermal i oo™ C
compression | <2 =
V, V—» V,

There are four thermodynamical processes isothermal
expansion, adiabatic expansion, isothermal compression and
adiabatic compression.

Main parts of Carnot's engine are :

Source of Heat : A hot body of high temperature T from
which the heat can be drawn. It is a hot body of very large
heat capacity kept at a constant high temperature T K. Its
upper surface is perfectly conducting so that working
substance can take heat from heat.

B
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Mechanical Arrangements and working substance :

A cylinder whose walls are perfectly non-conducting but
base perfectly conducting fitted with non-conducting piston
which can move without any frictional losses. Ideal gas
enclosed in these system as a working substance.

Heat sink : A cold body at low temperature T, K to which
the heat can be rejected. It is a body of large heat capacity.
Its upper surface is highly conducting so that working
substance can reject heat to it.

Stand : It is made by perfectly insulating material so that
when cylinder placed on it working substance can expended
or compressed adiabatically .

Working : To get maximum work from this type of ideal
engine there is a set of reversible processes through then
working substance is taken back to Initial condition.
Complete Carnot cycle is divided in four steps.

Processes of Carnot's cycle can be denoted by an indicator
diagram a shown here in these diagram variation of pressure
(P) and volume (V) of working substance (ideal gas), are
plotted.

First process : Isothermal expansion A — B - Initially the
cylinder is taken to be in thermal equilibrium with the high
temperature T, represented by point A (P, V, T|)

A
A
P] """" ] Qll
I
TN,
P, Q c

Vii —— VoV

This is initial state of working substance (ideal gas)

Then the piston is allowed to move outward slowly. With
the movement of the piston, the temperature of the gas
tends to fall. The process is very slow so that it is isothermal.
Heat from reservoir flows into the gas and temperature of
the gas remains T). In this expansion gas receive heat Q,
from source and gets state B (P,, V,, T|)

The total heat input Q; to the gas occurs over the path
from A to B and comes from a large reservoir of heat (source)
at temperature T, and utilized for doing work W .

Over the path from A to B the heat input to the gas equals
the work done against the external pressure.

Q = j;? PdV = j;flz @ dV = yuRT, In [z—ﬂ
(V,)
W, =uRT, In LV?J W,=Q)

Second process : adiabatic expansion B— C
Now the contact of cylinder with source is removed and

©

@

cylinder is put in contact with a non-conducting stand.
The piston is allowed to move outward the gas now expands
adiabatically because no heat can enter in or leave out. The
temperature falls to T, and gas describes the adiabatic BC
to point C (P5, V3, T,) during which more work is done
(W,) at the expense of the internal energy.

Work done over this adiabatic path BC is

R
W, :y—(Tl‘Tz)
vy -1

Third process : Isothermal compression C - D
The gas cylinder is placed in contact with sink at
temperature T,. The piston is moved slowly inward so that
heat produced during compression passes to the sink. The
gas is isothermally compressed to point D. (P4, V4, T,)
The heat rejected Q, to the cold reservoir (sink) at T, occurs
over the path from C to D.
The amount of work done on the gas W is equal to the
amount of heat rejected to the sink

W3 =Q,so that

W, = uRT, In {\\;—;‘j or Q2 =URT, In [2//_2}

Fourth process : Adiabatic compression D — A

The cylinder is removed from the sink and is put in contact
with insulating stand and piston moves inward. Heat is not
allowed to go out and it increases the internal energy of the
system. Then work done on the gas during adiabatic
compression from state D to initial point A (P, V, T}).
No heat exchanges occur over the adiabatic path.

Work done on the system is W, = ﬂl(Tl -T,)

This cycle of operations is called a Carnot cycle. In first
two steps work is done by engine (W and W, are positive)
and in last two steps work is done on gas (W; and W, are
negative). The work done in complete cycle W is equal to
the area of the closed part of the PV cycle.

W=W,+W,+W;+W,

(V,) R
=uRT, In|-2| 4 (T, -T
or W THRI LVIJ + Y_l(l 2)
(Vi) 1R

RT, In| % , 2 (T,-T,

+ HRT, kV3J + y_1( »—T)

V. Vv,
=uRT, In {—2j + uRT, In {_4}
Vi Vs
Efficiency of Carnot Engine,

pRT; In (\\2} +uRT, In [:2]

uRT, In [‘\2}

e
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The points B and C are connected by an adiabatic path as

are the points D and A. Hence, using eq". and the adiabatic

gas eq".

T,V,0~"D=T,v,0=D and T, V,0-D=T,V,0-D,
Vai_ Vi

Combination of the above eq™. gives 71 = V_4 , and,

substituting into the ratio of eq"., we find

nle_Tz :QI_Q2 . n:l—gzl—T—z
T Q Q T -
T, -T -
n=—=2x100% . =A% 1000

1 1

It can be shown that the efficiency for the Carnot engine is
the best that can be obtained for any heat engine and eq".
gives an upper limit to the efficiency of any heat engine
operating between temperatures T and T,.

The efficiency depends upon the temperatures T and T,
which approaches unity only when the temperature of the
cold reservoir approaches absolute zero. A steam engine
using steam at 373 K and with the cold reservoir at 273 K

n~1-(273/373) ~27%.

The efficiency of a Carnot engine is never 100% because it
is 100% only if temperature of sink T, =0 which is impossible.

QL o Q_Q

Q T L T

Carnot Theorem : No irreversible engine (I) can have
efficiency greater than Carnot reversible engine (R) working
between same hot and cold reservoirs i.e.,

Q,

T
NrR >T]I or 1——2>1__

T Q

In a Carnot cycle

HEATENGINE

Heat engine is a device which converts heat into work. A
heat engine, in general, consists of three parts :

1 source or hig
emp. reservoir

Working
substance

W=Q; -Q;
Q2

T, sink or lo
temp. reservoi

(1) A source of high temperature reservoir at temperature
T,.
(2) A sink or low temperature reservoir at temperature T,.
(3) A working substance.

In a cycle of heat engine the working substance extracts
heat Q; from source, does some work W and rejects
remaining heat Q, to sink.
Efficiency of heat engine,

Work done (W)

n= Heat taken from soruce (Q,)

TI_TZ_Ql_QZ
T Q

The useful work is done in third stroke called work stroke
or power stroke.
The efficiency of internal combustion engine is 40 to 60%.

n:

Example 28 :

A Carnot engine working between 300 K and 600 K has a
work output of 800 J per cycle. What is the amount of heat
energy supplied to the engine from source per cycle?

Sol. W=8001J,T,=600K T,=300K

T, W
n=1l-_—=-—

T Q
300 _800 800

Heat energy supplied by source
800
Q= 05 1600Joule percycle

SECOND LAW OF THERMODYNAMICS

The first law of thermodynamics is a generalization of the
law of conservation of energy to include heat energy. It
tells us that heat and mechanical work are mutually
interconvertible.

Second law of thermodynamics tells us in what conditions
heat can be converted into useful work.

The following three conditions must be fulfilled to utilize
heat for useful work :

(1) A device called engine with a working substance is
essential.

(2) The engine must work in a reversible cyclic process.
(3) The engine must operate between two temperatures. It
will absorb heat from a hot body (called source), convert a
part of into useful work and reject the rest to a cold body
(called sink). There are two conventional statements of
second law dependent on common experience.
Kelvin-Planck Statement : It is impossible for an engine
working between a cyclic process to extract heat from a
reservoir and convert completely into work. In other words,
100% conversion of heat into work is impossible.
Clausius Statement : It is impossible for a self-acting
machine, unaided by any external agency to transfer heat
from a cold to hot reservoir. In other words heat can not in
itself flow from a colder to a hotter body.

e
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ENTROPY
It is a measure of molecular disorder of a system. Greater is
disorder, greater is entropy.
The change in entropy,

heat absorbed 3Q

~ absolute temperature dS = T

5Q =TsS
This is mathematical form of second law of thermodynamics.
For solids and liquids : The change in entropy during a

mL
change of state of mass m of substance AS=* T

where (+) sign refers to heat absorption and (—) sign for

heat evolution.

Ty Tp
AS =mc lo =2.3mc lo
8e T, g0 T,
For a perfect gas : The change in entropy for 1 moles of a
gas

Ty Vi
AS =n {CV log, ?+ Rlog, 71}

i
1 :|
),

=n {C loge —Rlog, P

Vi
=n {C loge +C ploge Vi}

Example29:
Calculate change in entropy to convert 1 gm water at 100°C
to steam.
AN T Ty T
Example 30 :

Determine the change in entropy when 0.1 kg of ice at 0°C
is converted completely into water 0°C. Latent heat of fusion
=3.36x10°Jkg L.

Sol. During a change in state, the change in entropy is given by

AQ _mL _0.1x3.36x10
T T 273

AS = =123 JK L.

TRYITYOURSELF-4

Which of the processes described below are irreversible?

(A) The increase in temprature of an iron rod by
hammering it.

(B) A gas in a small cantainer at a temprature T, is
brought in contact with a big reservoir at a higher
temprature T, which increases the temprature of the
gas.

(C) A quasi-static isothermal expansion of an ideal gas
in cylinder fitted with a frictionless piston.

Q.1

Q2
Q3
Q.4
Q5

Q.6

Q.7

Q8

Q.9

(D) An ideal gas is enclosed in a piston cylinder
arrangement with adiabatic walls. A weight W is
added to the piston, resulting in compression of gas.

Ifarefrigerator’s door is kept open, will the room become

cool or hot? Explain.

Is it possible to increase the temperature of a gas without

adding heat to it? Explain.

Air pressure in a car tyre increases during driving.

True/False

The figure shows the P-V plot of an ideal gas taken

through a cycle ABCDA. The part ABC is a semi-circle

and CDA is half of an ellipse. Then,

A

DN B
C
2 3

S = N W

v

(A) the process during the path A — B is isothermal
(B) heat flows out of the gas during the path B - C — D
(C) work done during the path A —» B — C is zero

(D) positive work is done by the gas in the cycle ABCDA
One mole of an ideal gas in initial state A undergoes a
cyclic process ABCA, as shown in the figure. Its pressure
atAis P,. Choose the correct option(s) from the following

AKV
4V, B
-
> A
V C
0 »T
Ty

(A) Internal energies at A and B are the same

(B) Work done by the gas in process AB is P,V In 4
(C) Pressure at Cis Py/4

(D) Temperature at Cis T ,/4

A diatomic ideal gas is compressed adiabatically to 1/32
of'its initial volume. If the initial temperature of the gas is
T, (in Kelvin) and the final temperature is aT}, the value
ofais

5.6 liter of helium gas at STP is adiabatically compressed
to 0.7 liter. Taking the initial temperature to be T, the
work done in the process is :
RT1 (C)

9
(W) gRT (B) SRT; (D) S RT,

Starting with the same initial condltlons , an 1dea1 gas
expands from volume V| to V, in three different ways,
the work done by the gas W, if the process is purely
isothermal W, if purely isobaric & W if purely adiabatic,
then :

(A) Wy,>W,>W,
©) Wy >W,>W,

(B) W,>W,>W,
(D) W, >W;>W,

ANSWERS
(1) (ABD) (2) hotter (3) Yes
(4) True (5)(BD) (6) (AB)
N @ ®)(A) 9) (A)

=
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HEAT TRANSFER

CONDUCTION

Conduction is that mode of transmission of heat in which
heat is transferred from a region of higher temperature to a
region of lower temperature by the aid of particles of the
body without their actual migration.

In conduction atoms or molecules near the hot end absorb
energy and hence their amplitude of vibration about their
mean position increases due to which they collide with
other neighbouring atoms or molecules and thus transfer a
part of energy, to them and so on. In solids, heat transfer is
mainly by conduction.

In metals the conduction of heat takes place by means of
free electrons present in the metal.

Steady State :

When one end of a rod is heated, then initially the
temperature of various points of the rod changes
continuously and the rod is said to exist in a variable state.
After some time, a state is reached, when the temperature
of each cross-section becomes steady. This state is known
as steady state. In this state, any heat received by any
cross-section is partly conducted to the next section and
partly radiated, i.e., no heat is absorbed by the cross-
section.

By steady state it does not, imply that the temperature of
the whole rod is same. In steady state, the temperature of
the different parts of the rod are different but temperature
of the each part remains constant. The temperature
decreases, as we move away from the hot end.

In this state rate of heat flow depends only on the heat
conductivity of the material of the rod so it remains constant.
If rod is in contact with atmosphere or surroundings and it
is heated at one end then distance versus temperature curve
is as shown in fig. (a).

<=
3
—

om

0 —»

temperature
of hot end

temperature
of hot end 6

—» Distance
from hot end

fig. (b)

—» Distance
from hot end

fig. (a)

And if rod is insulated with surroundings then graph is
straight line as shown in fig. (b)

Isothermal surface :

In steady state if heat loss due to radiation or convection
in negligible then the temperature of every transverse
section of the rod is same on the whole area of section
(Because the cross-section is perpendicular to the direction
of flow of heat hence there will be no heat flow from one
point to other on the cross-section) . Thus every transverse
section of the rod behaves as on Isothermal surface.

isothermal
surface

)

0¢—AX—> 0—A0

Temperature gradient :

The rate of change of temperature with distance between
two isothermal surfaces is called temperature gradient.

If the temperature of the isothermal surfaces be 6 and

0 — AB and perpendicular distance between then in Ax
Temperature gradient between them

(06-A0)-0 A0

_ change in temperature

distance Ax Ax
The negative sign show that temperature 0 decreases as
the distance x increases in the direction of heat flow.
Unit: °C/meter

Thermal Conductivity

If a steady temperature difference (0, — 0,) is to be
maintained between the ends of a rod, heat must be supplied
at a steady rate at one end and the same must be taken out
at the other end. Suppose an amount of heat Q flows
through the rod in time t then rate of heat flow or Heat

current H = n

It has been found experimentally that in steady state, Heat

current H =% will be

(a) proportional to the area A of the cross-section of the
rod. The larger the cross-sectional area, the greater will be
the number of molecules which conduct heat via collisions.
(b) proportional to (0, — 0,). The greater the temperature
difference to be maintained, the greater must be the rate of
heat flow.

(c) inversely proportional to /, the distance between ends
of the rod. The smaller the distance /, the greater must be
the rate of heat flow to maintain a given temperature
difference. Thus we find that

Q AG-8) o KA ©-9)
t 4 L
< 4 >
O ——2 ()
x=0 x=/

where K is a constant of proportionality called the thermal
conductivity of the substance. It is a measure of how
quickly heat energy can conduct (flow) through the
substance.

Coefficient of thermal conductivity (K) :

The coefficient of thermal conductivity, K, of a material is
defined as the amount of heat that flowing per second
through a rod of that material of having unit length and

=
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unit area of cross-section in the steady state, when the ©, —6)
difference of temperature between two ends of the rod is H, = At an H, = w
1°C and flow of heat is perpendicular to the end faces of the R, R,

rod.
Unitof K: CGS=cal/cm-sec-°C

MKS = kcal/m-sec-K SI=watt/m-K
Dimensions : [ML T30
For a perfect conductor of heat K is infinite and for a perfect
insulator K is zero.
In general, solids are better conductors than liquids and
liquids are better conductors than gases. (Heat transfer
through process of conduction is possible in liquids and
gases also, if they are heated from the top.) Metals are
much better conductors than non-metals.
A good conductor of heat is also a good conductor of
electricity. The conduction of both heat and electricity is
due to the movement of free electrons.

Thermal Resistance : The thermal resistance of a body is
a measure of its opposition to the flow of heat through it.
It is defined as the ratio of temperature difference to the
heat current (= rate of flow of heat)

Now, temperature difference = (0, —0,), £ = Length of rod

heat current, H = n

A = Area of cross section of rod

R _61—62_91—92_ 91—92 _L
™y (Q/t) KA(0,-0,)/¢ KA

AO

R =

o BT TTH T KA

Unit : °C x sec/cal or K x sec/k-calorie.
Dimensions : [M~! L2 T3 0]

Electricity Heat
Potential V,-V, 0,-0,
difference
Current I=q/t H=Q/t

rate of flow of  rate of flow of heat

charge

V, -V 0,-06
Resistance R=—>—1" Ry = 2 1
I H

Conductivity 6 = ™ K= A[T;lelj

SERIES COMBINATION OF CONDUCTORS

Suppose two conductors of areas of cross-section A and
A, , lengths ¢, and /, , coefTicients of thermal conductivities
K, and K, are connected in series.

Let heat is allowed to flow through this combination after
the steady state reached. Let the temperatures of the two
outer faces be 0 and 0, and the temperature of the junction
be 0. The heat current in them will be

Al Rl T R2 Az
H— | | | —H,
e ’, > —1,— 12

But here, i.e., inseriessH; =H, =H
So 0,-0=HR and 0-0,=HR,
or 0,-0,=H(R;+R,),ie., H=(0,-0,)/(R;+R,)

(8, -6,)

or H="—= with R=R;+R,

i.e., in series the total thermal resistance is equal to the sum
of individual resistances.

This case is similar to two resistances in series. The potential
difference is replaced by the temperature difference, the
electrical resistance is replaced by thermal resistance and
electrical current (rate of flow of charge) is replaced by heat
current (the rate of flow of heat).

R=R;+R,
y4 /
R;=— and R, = —2—
K;A K>A
/
and €q. _ (1 4 fz
Keq. Aeq. KIAI K2A2
If A =A,=A
g]‘l‘fz (1 Ez _ €1+£2
Ky KK ORI 4
eq. 1 2 21,2
Ky K,
I£0,=0=0 s K, -X1 K2
4 K1+K2

If we have more than two slabs in the compound slab.
The total thermal resistance of the slabs connected in series.
Req.:R1 TRy, +Ry+ ...

PARALLEL COMBINATION OF CONDUCTORS

Ifthe two slabs are connected in parallel (i.e. one placed on
top of the other) as shown in fig. the thermal resistance R

1 1 1
of the parallel combination is givenby 5, =% T 5
p g YR R . R,
For more than two slabs, we have

Al — Hl

1 1 1
=t —t—.. 11 T,

_>H2

Suppose two conductors each of thickness ¢ but with areas
of cross-section A and A, are connected in parallel. Let
the temperatures of the first and second faces be 6 and 0,.
The total heat current H | is the sum of heat currents H,
and H, in the first and second conductors respectively,
ie., Hp =H, +H,.
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KiA16,-6,) _KyAy(6,-65)

Now, H; = nd H, 7
K, (A +A5)0,-06,)
and Hp __p 1 2 1 2
4
As Hp =H, + H,, hence,
Kp(Ar+A2)01-05) KA (6,-6,) L KaAy(0,-6,)
{ l l
KIAI + K2A2

or K (A;+A,)=KA,+K,A,or K _=
p A1 T Ay 19 T 89y p A +A,
K; +K,
IfA, =A,, then K, =———
Example 31 :
Two rods of equal length and area of cross section are kept
parallel and logged between the temperature 0, and 0,.
The ratio of their thermal conductivity is 2 : 3. Find the ratio

of effective thermal conductivity (i) to that of first rod and
(i1) to that of second rod.

Ky +Ky 2K +3K; 5Ky
o2 2 2
(1) ratio of effective coefficient of that of first rod

Sol. K

5K,
=K=2K,= T (2K =5:4

(i1) ratio of effective coefficient to that of second rod

5
=K:3K; = JK; 13K, =5:6

Example 32 :
Two rods of equal area of cross-section and length in ratio
1 : 2 and coefficient of thermal conductivity inratio 2 : 1 are
joined end to end and logged between steam and melting
ice. Find the
(1) ratio of the temperature difference across the two rods.
(ii) temperature of common point in the rods.

Steam L e 2

melting
K, K, ice
0, )
Sol. In the present case
0000, 00 1 K 1 K 1
77K /K, " e-6, K, f, 2K, 20 4
hence ratio of temperature difference =1 : 4
GiyAs D70 _ L 4 (100-0)=0-0 . 6=80°C
6-6, 4
GROWTH OF ICE ON PONDS

When atmospheric temperature falls below 0°C the water
in the lake will start freezing. Let at any time t, the thickness
of'ice in the lake be y and atmospheric temperature is —0°C.
The temperature of water in contact with the lower surface
ofice will be 0°C.

—-p°C
v .
0°C . dy

water 4°C

the area of the lake = A
heat escaping through ice in time dt is

(=~ KA®6

-0y, _KAO

y y
Now due to escaping of this heat if dy thickness of water in
contact with lower surface of ice freezes,

dQ,=mL=p(dyA)L [asm=pV =pA dy]
But as dQ, = dQ,, the rate of growth of ice will be

dy Ko 1

dt pL vy

dQl = KA dt

and so time taken by ice to grow a thickness y,

t:&.l'y d lpL 2

Koo ” ¥ 2ke Y
Time taken to double and triple the thickness will be in the

. t et .. 12.092.172
ratiot) ity 1ty 19024137,

CONVECTION

Convection requires a medium
and is the process in which heat
is transferred from one place to
other by actual movement of
heated substance (usually
fluid).

The type of convection which results from difference in
densities is called natural convection (for example, a fluid
in a container heated through its bottom). However, if a
heated fluid is forced to move by a blower, fan or pump, the
process is called forced convection. The rate of heat con-
vection from an object is proportional to the temperature
difference (AB) between the object and convective fluid

dQ
and the area of contact A, i.e., E

=hA A0

:lconvection
where, h represents a constant of proportionality called
convection coefficient and depends on the properties of
fluid such as density, viscosity, specific heat and thermal
conductivity, etc.

Note :

1. Natural convection takes place from bottom to top while
forced convection in any direction.

2. In case of natural convection, convection currents move
warm air upwards and cool air downwards. This is why
heating is done from base, while cooling from the top.

3. Natural convection is not possible in a gravity free region

such as a freely falling lift or an orbiting satellite.

4. Natural convection plays an important role in ventilation,

in changing climate and weather and in forming land and
sea breezes and trade winds.

=
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5. The forced convection of blood in our body by a pump
(heart) helps in keeping the temperature of body constant.

Example33:

Water in a closed tube is heated with one are vertically

placed above the lamp. In what direction water will begin

the circulate along the tube ?

On heating the liquid at A will

become lighter and will rise up.

This

will push the liquid in the tube A B

upwards and so the liquid in the

tube will move clockwise i.e. from

BtoA.

Sol.

RADIATION

THERMALRADIATION
When a body is heated and placed in vacuum, it loses heat
even when there is no medium surrounding it. The heat can
not go out from the body by the process of conduction or
convection since both of these process require the presence
of a material medium between source and surrounding
objects. The process by which heat is lost in this case is
called radiation. This does not require the presence of any
material medium. It is by radiation that the heat from the
sun reaches the earth. Radiation has the following
properties :

(a) Radiant energy travels in straight lines and when some
object is placed in the path, it's shadow is formed at the
detector.

(b) TItisreflected and refracted or can be made to interfere. The
reflection or refraction are exactly as in case of light.

(c) It can travel through vacuum.

(d) Intensity of radiation follows the law of inverse square.

(e) Thermal radiation can be polarised in the same way as light
by transmission through a nicol.

All these and many other properties establish that heat
radiation has nearly all the properties possessed by light
and these are also electromagnetic waves with the only
difference of wavelength or frequency. The wavelength of
heat radiation is larger than that of visible light.
Radiations have a wavelength greater than that of red colour
and they form the infrared region of the electromagnetic
spectrum. The wavelength ranges from 10 *mto 1073 m.
The electromagnetic spectrum :

Frequency, Hz —>

Ultravioicl
| 1 1 | 1 1 1 1 | | | . | | 1 1 1 1 | 1 1 I
10 10° 10° 10° 10” 10° 10" 10" 10"

€—— Wavelength, m

Radiations Wavelength range

Cosmic Rays <10 B m.

v-Rays 10710m-10"1m.

X-Rays From 10" mto 6 x 1012 m.

STUDY MATERIAL: PHYSICS
Ultraviolet Rays 3.8x107mto6x 10710m
Visible waves 7.8%x107t03.8x10 ' m
Infra Red waves 103 mto7.8x 107 m
Microwaves 0.3mto 103 m
Radio waves Few Kms t0 0.3 m
Television 0.1 m—1 mwaves

The wavelength of the visible spectrum :

Blue Green Yellow Orange Red

% I i | Infrared

500 nm 600 nm 700 nm

Ultraviolet Violet

400 nm
Wavelength ————>

When the radiant energy is incident on the surface of any
body, it is used up in three different ways.
(I) Part of this energy is absorbed by the body.
When radiant energy is incident on matter, it is partly
absorbed and converted into heat.
(IT) Some part is reflected and
(IIT) Remaining part is transmitted by the body.
Let Q be the quantity of radiant heat incident on the surface
of the body and Q,, Q, and Q, be the the quantities of heat
absorbed, reflected & transmitted by the body respectively.

Absorption coefficient "a"

& _ Quantity of radiant energy absorbed by the body

a=
Q Quantity of radiant energy incident on the
surface of the body
a= &
Q
Reflection Coefficient :
_ Quantity of radiant energy reflected Q

Quantity of radiant energy incident on ; 1= ==
the surface of the body Q

Transmission Coefficient :

(o Quantity of radiant energy transmitted by the body

Quantity of radiant energy incident on
the surface of the body

t_Qt
Q- Then Q, +Q,+Q,=Q

&Jf&"‘&:l atr+t=1

Q Q Q
Diathermanous substances : The substances which can
transmit the radiant heat incident upon their surfaces are
called diathermanous substances. (t # 0). The best diather-
manous solids are rock salt, sylvine, quartz and certain
other crystals. Pure air is highly diathermanous. e.g. glass,
quartz, gases etc.
Athermanous substances : The substances which cannot
transmit the radiant heat incident upon their surfaces are
called athermanous substances. (t = 0). e.g. wood, iron,
copper etc. Water vapour & carbon dioxide are athermanous.
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Emissive Power (e) : For a given surface it is defined as the
radiant energy emitted per sec per unit area of the surface.
Spectral Emissive Power (e, ) : If we consider emissive
power of a surface for a particular wavelength instead of all
wavelengths, it is called spectral emissive power and is
represented by e,

o0
Total emissive power € = Io e; dA .

Emissive power of a surface depends on its nature and
temperature.

It is maximum for a perfectly black body and minimum for a
smooth shining body. Unit : W/m?

Absorptive Power (a) : Absorptive power of a surface is
defined as the ratio of the radiant energy absorbed by it in
a given time to the total radiant energy incident on it is the
same time. If Q calories fall on the surface and Q" calories
out of it are absorbed, the absorptive power of the surface

!

is given by a = —

For a perfectly black body, absorptive power is maximum
and unity. It has no units and dimensions.

Spectral absorptive power "a, " : Spectral absorptive power
(a;) is defined as the ratio of the radiant energy of a given
wavelength absorbed by a given surface in a given time to
the total radiant energy of that wavelength incident in the
same time on the same surface within a unit wavelength

range. Total absorptive power a = J-: a,dir.

ABSOLUTE EMISSIVITY (e)

@
(b)
©

The emissivity e of a surface is defined as the quantity of
heat radiated per second by one unit area of its surface
when its temperature is 1°C above the surroundings.
Relative Emissivity (e) : It is defined as the ratio of radiant
energy emitted per unit time per unit surface area of a body
at a given temperature to the radiant energy emitted per
unit time per unit surface area of a perfectly black body at
E

e=—

Ey -
A perfectly black body : Ablack body is defined as one that
will completely absorb all the radiation of whatever wave-
length which falls on it. For perfectly black body, a;, = 1.
A body which can absorb all the quantity of radiant heat
incident on it is called a perfectly black body. Abody which
is a good absorber of a radiation of a certain wavelength is
also a good emitter of the radiation of that wavelength.
Consequently, a black body, which absorbs every
wavelength, must also emit every wavelength.
Properties of perfectly black body :
A perfectly black body absorbs all the radiant heat incident
uponit. (i.e.a=1)
A perfectly black body does not reflect or transmit the
radiant heat incident upon it. (i.e. t=0, r = 0)
The coefficient of emission of a perfectly black body is 1. It
is very good emitter of heat.

the same temperature i.c.

(d)

A perfectly black body does not exist in nature.

For practical purposes lamp black is treated as a perfectly
black body as its coefficient of absorption is 0.98.

Ferry's black body :

This is shown in fig. it consists of a hollow copper sphere
which is blackened inside with a small fine hole in the
surface. The conical projection opposite the hole is to avoid
direct reflection from surface opposite the hole.

If the whole of the sphere (described above) is raised to a
uniform very high temperature, the radiation emerging out
from the hole would contain every possible wavelength.
The hole (inside the sphere) would then appear to be white-
hot, if the hole were viewed. These radiations are known as
black body radiations.

"The glowing heart of a furnace is an ideal (black body)
radiator, for it is practically a small hole surrounded by
glowing bodies all at one temperature". A hot copper sphere,
or the glowing filament of an electric lamp, are not the black
body radiators, as certain wavelengths are missing from
their spectra.

PREVOST'S THEORY OF HEAT EXCHANGES

(@)

(b)

(@)

(b)

All bodies at all temperatures above the absolute zero are
continually radiating, the amount increasing with
temperature, unaffected by the presence of surrounding
bodies. The rise or fall of temperature which is observed in
a body is due to its exchange of radiant energy with the
surrounding bodies. This is known as Prevost's theory of
exchange.

Every body radiates heat at all temperatures except at
absolute zero of temperature. At the same time, every body
absorbs heat from the surroundings at all temperatures.
The radiant energy emitted per unit time by the body
depends on its absolute temperature and does not depend
upon the temperature of the surroundings.

Explanation :

All the observed facts of heat exchanges can be explained
on the basic of prevosts's theory of heat exchanges.
When a hot body is placed in cooler surroundings, the
body radiates more energy and absorb less energy from
the surroundings. Therefore temperature of body decreases.
When a cold body is placed in the hot surrounding, the
body radiates less energy and absorbs more energy from
the surrounding. Therefore the temperature of body increases.
(c) When the temperature of a body is equal to the
temperature of the surroundings, the energy radiated per
unit time by the body is equal to the energy absorbed per
unit time by the body therefore its temperature remains
constant.
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KIRCHHOFF'S LAW

M

At any given temperature and for radiations of the same
wavelength the ratio of the emissive power (e,) to the
absorptive power (a, ) is the same for all substances and is
equal to the emissive power of a perfectly black body (E; ).

~~ = const. =
a

Proof : Let us consider a body placed inside a uniformly
heated enclosure maintained at temperature T. The radiation
within the enclosure will be independent of the nature of
the walls of the enclosure and of the presence of the body.
Let dQ be the quantity of radiant energy of wavelength
laying between A and A + dA, falling on the body per unit
area of its surface per second.
Let a, be the absorptive power of the body, a, is the ratio of
the radiant energy absorbed by the body to the total
incident energy at the temperature T and for the wavelength
A. Then the amount of radiant energy absorbed by the body
per unit area per second = a, dQ. The remainder energy is
reflected or transmitted = (1 - a, ) dQ.
If e, be the emissive power of the body, the amount of
energy radiated per unit area per second under the same
conditions of temperature and wavelength = e, dA.
Hence the total energy given out by the body per unit area
per second = (1 — a,) dQ + e, dA. Since the body is in
temperature equilibrium with the enclosure, the radiant
energy given out must be equal to that received.

dQ=(1-a;)dQ+e, dA
or a, dQ=e, dA
For a perfectly black body, since a, = 1 and e, has a maximum
value, which we may denote by E,,

dQ=E, dA
Substituting this value of dQ in (1), we have

E,

2
axExdk:exdk or a:Ek

This relation (3) shows that, at any given temperature T
and for radiations of the same wavelengths A, the ratio of
the emissive power to the absorptive power of a substance
is constant and equal to the emissive power of a perfectly
black body. This is Kirchhoff's law which is here proved for
bodies inside a uniform temperature enclosure. Since,
however, the emissive and absorptive powers depend only
on the nature of the body and not on its surroundings, it
follows that the law is general, holding good under all
conditions for pure temperature radiation. In the above
relation, since E, is a constant, ife, is larger a, also is large
and vice versa. The shows that good emitters are also good
absorbers.

Applications of kirchhoff's law :

If a body emits strongly the radiation of a particular
wavelength, it must also absorb the same radiation strongly.
Let a piece of china clay plate with some dark painting on it
be first heated to nearly 1300 K and then examined in dark
room. It will be observed that the dark paintings appear much
brighter than the white portion. This is because the paintings
being better absorbers emit also much greater light.

@

@)

@

The silvered surface of a thermos flask does not absorb
much heat from outside. This stops ice from melting quickly.
Also, the silvered surface does not radiate much heat from
inside. This prevents hot liquids from becoming cold quickly.
A red glass appears red at room temperature. This is because
it absorbs green light strongly. However, if it is heated in a
furnace, it glows with green light. This is because it emits
green light strongly at a higher temperature.

When white light is passed through sodium vapours and
the spectrum of transmitted light is seen, we find two dark
lines in the yellow region. These dark lines are due to
absorption of radiation by sodium vapours which it emits
when heated.

Fraunhofer lines are dark lines in the spectrum of the sun.
When white light emitted from the central core of the sun
(photosphere) passes through its atmosphere
(chromosphere) radiations of those wavelengths will be
absorbed by the gases present there which they usually
emit (as a good emitter is a good absorber) resulting in dark
lines in the spectrum of sun.

At the time of solar eclipse direct light rays emitted from
photosphere cannot reach on the earth and only rays from
chromosphere are able to reach on the earth surface. At

that time we observe bright fraunhofer lines.
Chromosphere

Lig
‘ Jghfemmedb gas
es
.W emitted by photosphere ’

Photo sphere

Moon

SUN

STEFAN BOLTZMANN LAW OF RADIATION

A perfectly black body is the best possible emitter of
radiation at a given temperature. Stefan's Law gives the
total amount of radiation emitted by a perfectly black body.
According to Stefan's law, the quantity of energy radiated
in one second per unit area of a perfectly black body is
directly proportional to the fourth power of its absolute
temperature. Ej oc T4 or  Ey=cT4

where o is a universal constant known as Stefan-Boltzmann
constant and T is its temperature on absolute scale. The
measured value of G is -

6=5.67x 108 W/m?—K* or 6="5.67 x 1075 erg/cm?sK*.
eq".E,=c T#1is called the Stefan-Boltzmann law.

Stefan has suggested this law from experimental data
available on radiation and Boltzmann derived it from
thermodynamical considerations. The law is also quoted
as Stefan's law and the constant ¢ as Stefan constant.

Q . Q.
At At
Q, = total energy radiated by the surface of a black body in
timet. or Q= GAtT4

Now, =oT*
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From eq™., the emissive power E of a non-black body is
givenby: E=eE; or ~E=eocT?
Total energy radiated by the surface of a body in time t
Q=ccAtT*

APPLICATION OF PREVOST CONCEPT

Cooling of a body by radiation
Consider a perfectly black body of absolute temperature T
is surrounded by another black body at absolute temp. T,

Energy radiated per unit time per unit surface area by the
perfectly black body = ¢ T4.
Energy absorbed per unit time per unit surface area by the
perfectly black body from the surroundings = ¢ T04.
The net loss of heat by the perfectly black body per unit
time per unit surface area= o (T4 — T04)
Let, the surface area of the perfectly black body = A
*. The rate of loss of heat of the perfectly black body
dQ 4 4
” ecA(T" -Ty)
Let, the emissivity of an ordinary body = e

*. The rate of loss of heat of the ordinary body
d
d? =Aeo (T*- T04) J/sec.

4
Aeoc |T -T
Rate of fall of temp. do = # cal/sec.
dt msJ

NEWTON'S LAW OF COOLING

Newton was the first to study experimentally in systematic
manner and derive the relation between heat radiated by a
body in a given enclosure and its temperature based on
experimental facts as given below.

The rate of cooling of a body (rate of loss of heat) is
directly proportional to the excess of temp. of the body
over the surroundings, provided that this excess is small
and loss of heat by radiation only.

If 0 and O are the temperatures of the body and its
surroundings respectively,

Rate of loss of heat R = (—dQ/dt)
The negative sign indicates that the amount of heat is
decreasing with time.

onc(e 0)) or - 2=k©-0) .....(I)

where k is the constant of proportionality.

do
Rate of fall of temperature : m

The rate of decrease of temperature with respect to time is

known as rate of fall of temperature.

If m is mass and s is specific heat of the body, then,
dQ=msJdo

dt "o

msJ %= k(©-86) [Fromeq™. (1) and (2)]

ek
Rate of fall of temp. —— = ——(0-0)
dt m.s

do
ie. —— 0-0
e — oc ( 0)

(m and s are constant.)
Thus, Newton's law of cooling can also be stated as,
The rate of fall of temperature of a body is directly
proportional to excess of temperature of the body over the
surroundings, provided that excess is small.
Excess of temperature : If the temperature of body
decreases from 0, to 0, and temperature of surroundings is

6, +0,
0, then average excess of temperature = 5 0o

The graph drawn between the temperature of a body and
time is known as cooling curve. The slope of the tangent to
the curve at any point gives the rate of fall of temperature.

1LZ

If rate of fall of temperature is plotted against excess
temperature, we get a straight line passing through the
origin.

Curve between the rate of cooling and body temperature.

N

t —

de
dt
0

log (6-0p) —

R=k(0-0,) orR=k0O—-k0,.

o __ k.

Ez msJ(e 90)

1 k k
do=—-——|dt -
'[(9—90) SJ'[ orlog, (0-0,) o t+B
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or log(0-0,)=-At+B dQ
This is equ”. of a straight line, hence the curve between log — =GcA(T*-T,%
: L dt 0
(60— 0;) and t will be a straight line.
Let T-T,=AT S T=Ty+AT
Example 34 : dQ 4 4
A body initially at 80°C cools to 64°C in 5 minutes and to o OAUT ATy
52°C in 10 minutes. What will be the temperature after 15
minutes and what is the temperature of surroundings? dQ _ 3 3_
Sol. Let 6, be the temperature of surroundings. According to dt 4o AT, AT (Let 4oAT," = const. k)
Newton's law of cooling, d d
The rate of cooling oc excess temperature Q oc AT 3 Q o (T-Tp)
80— 64 d d X
Case I : Average rate of cooling = ——°C/min But, T-T,=(0+273)—(8,+273)=(0-06,)
d
80+ 64 d_? c(0—0y)  This is Newton's law of cooling.
Mean temperature = [ } °C .. . .. .
2 Comparision of specific heat of two liquids using Newton's
law of cooling :
[80 + 64} 6
.. Excess temperature = B 0 0 16, 0
80— 64 80+ 064
5 =K |: b - 90:‘ ........ 0))] / I itsr Out
where K is a constant of proportionality. nl
64-52
Case IT : Average rate of cooling = 3 MG
Const. temp. 8,
64+52 Water In _
Mean temperature = 2 =5
64—52 64+32 If equal volume of two liquids of densities and specific
. =K { —90} 2 heats p, , s; and p, , s, respectively are filled in calorim-
> 2 eters having same surface area and finish cool from same
16 72-0, initial temperature 0, to same final temperature 0, with same

Dividing (1) by (2), we get 15 ~ 53 "¢

Solving 0y=16°C
Case I11 : Let 0 be the temp. at the end of next 5 minutes (or
after 15 minutes from start)

.. Average rate of cooling = TOC / min
52+0
Mean temperature = 5
52-6 52+6

. =K -0

- s { 5 0} ..... 3)
Dividing (3) by (1) and putting 6, = 16°C

52+6
52-0 16
__2 ; Solving, we get 6 =43°C

16 72-16

Derivation Newton's law of cooling from Stefan's law of
radiation : Consider a perfectly black body of surface area
A whose absolute temperature is T. Let T be the absolute
temperature of the surroundings.

By Stefan's law of radiation,

(Rate of loss of heat) = A (T* — T04)

temperature of surroundings, i.e., 0, in time intervals t,
and t, respectively and water equivalent of calorimeter is
w. According to Newton's cooling law

(), (%

lig.

(w+mlsl) (61 —62) (w+m252) (61 —62)

t ty

water

W+ mlsl _ w +mzs2
t) t

or

If water equivalent of calorimeter w is negligible then

m;s; _ MpS)

tl t2
my b e b 1
0, m,s, t, or Prsy  ty (v{ = V,, volume are equal)

with the help of this eq™. we can find specific heat of liquid.

Example 35:

A calorimeter of water equivalent 5 x 1073 kg contains

v
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25 x 1073 kg of water. It takes 3 minutes to cool from 28°C to
21°C. When the same calorimeter is filled with 30 x 103 kg
of turpentine oil then it takes 2 minutes to cool from 28°C to
21°C. Find out the specific heat of turpentine oil.

(ml + W) (m252 + W)
Sol. Rwater - Rturpentine t; -

ty

o (25x10745x107%) _ 30x107s; +5x107°
3 - 2

_ 30 So +5
=
. specific heat of turpentine s, = 1/2 = 0.5 kcal/kg/°C

10 20=305,+5

Example 36 :

A man, the surface area of whose skin is 2m?, is sitting in a

room where the air temperature is 20°C. If his skin

temperature is 28°C, find the rate at which his body loses

heat. The emissivity of his skin =0.97.

Absolute room temperature (T() =20 +273 =293 K

Absolute skin temperature (T) =28 +273 =301 K

Rate of heat loss = e A (T4 — T4O)
=5.67x108%0.97x2x {(301)*—(293)*} =922 W

Sol.

Example37:

Compare the rate of loss of heat from a metal sphere of the
temperature 827°C, with the rate of loss of heat from the
same sphere at 427 °C, if the temperature of surroundings
is 27°C.

Given:T,;=827°C=1100K, T,=427°C=700K
andT,=27°C=300K

According to Steafan's law of radiation,

Sol.

dQ 4 4
G~ oAe(T-Tgh
(@

(b)

()
dt)y (T -T8) 10100 -Go0y*] _ o

d&] (T -T  [(700)* - (300)*]
dt/,

@ @ ()
or (ﬁl :(ajz =0276:1

Example 38 :

The filament of an evacuated light bulb has a length 10 cm,
diameter 0.2 mm and emissivity 0.2, calculate the power it
radiates at 2000 K. (6=5.67 x 1078 W/m2 K%)
£=10cm=0.1m, d=0.2mm,

(d)
Sol.

r=0.lmm=1x10%m,

e=0.2,T=2000K,5=5.67x 108 W/m? K*

According to stefan's law of radiation, rate of emission of
heat for an ordinary body,

E=cAcT*=o(2 nr/)eT4 ©

=5.67x108%x2x3.14x1x1074x0.1x0.2 x (2000)*
=114W
.. Power radiated by the filament=11.4 W [A=2nr/]

Example 39:

The energy radiated from a black body at a temperature of
727°C is E. By what factor the radiated energy shall increase
if the temperature is raised to 2227°C?

4 4 4
E, [T 22274273 2500
Sol. —2{—2} =[ } =[ } -39

E, | T 727+273 1000

DISTRIBUTION OFENERGY INABLACK BODY RADIATION

Fig. shows how the energy of a black body radiation varies
with temperature and wavelength.
1600K

_.
I U T
S ek N JO AT

Energy Radiated

Wavelength A ——
Each curve represents the variation of monochromatic
emittance E, with wavelength A for a certain temperature.
The following conclusions can be drawn from these curves
At each temperature, the black body emits continuous heat
radiation spectrum.
The energy associated with the radiation of a particular
wavelength increases with increases in temperature of the
black body.
At a given temperature of the black body, the amount of
energy associated with the radiation initially increases with
wavelength and after becoming maximum corresponding
to a wavelength A _, it decreases. The wavelength A
corresponding to which energy associated is maximum is
called the wavelength of the maximum emission.
The wavelengths of maximum emission at various
temperatures of the black body decreases as temp.
increases.
Therefore, the wavelength of maximum emission shifts
towards smaller wavelength as the temperature of the black
body increases. It is known as Wien's displacement law.

Ay *T=b

const. b is known as Wien's constant
The area under each curve represents the total energy
emitted by the perfect black body per second per unit area

=
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over the complete wavelength range at that temperature.
Area under the curve oc T4
Thus, if E is the total energy emitted per second per unit
area at temperature T, then
E oc area under the curve at temperature T.
Total energy emitted per second per unit area by a perfect

black body is directly proportional to the fourth power of

its absolute temperature. Eo T4

It is known as Stefan's law of heat radiation.

The energy (E,,,) emitted corresponding to the
wavelengths of maximum emission (A ) increases with the
fifth power of the absolute temperature of the black body
ie. E .. oc T>

It is known as Wien's fifth power law.

Example 40 :

Sol.

Draw typical curves showing the energy distribution with
wavelength of black body radiation at two different
temperatures T and 2T.

For plotting the energy distribution curve or E, versus X at
two different temperatures, we keep following points in mind.
(i) The total area under the curves represent the total
radiation per unit volume in the isothermal enclosure at the
given temperature which is proportional to T#. Therefore
as temp. rises, the total area under the curve also increases.
The ratio of area at temperature 2T and Tis 2% : 1i.e., 16 1.
(ii) As temperature rises, the A, (the wavelength at which
E, is maximum) shifts to lower wavelength side because
A, T is constant.

Ay at 2T 1
ApgatT 2
Ekmz

cd =32ab

T,=2T

E)Lml -

C a
A A

my my

(iii) For any dA range, the energy increases with temperature
much faster at small A values than at higher ones.
(iv) The maximum value of E, is proportional to T>.

5
E; max at 2T _[ZT] 1

Ejmp &t T \T.

The plot for the energy distribution for E, versus A at
temperatures T and 2T is as shown in fig.

Example 41 :

Experimental investigations show that the intensity of the
solar radiation is maximum for wavelength A A =4753 Ain
the visible region. Estimate the surface temperature of the
sun. Assume the sun to be a black body.

Wien's constant (b) =2.892 x 10> mK.

. Wien's law states that

Ay T =constantb=2.892 x 103 mK
where T (in kelvin) is the temperature of the radiating body.
A, =4753A°=4753x10"19m

-3
Hence, T =L= 2.892x10" mK

Am 4753x1070m
This is only a rough estimate of the temperature of the
surface of the sun as the sun does not actually radiate like
a black body.

=6060 K

SOLAR CONSTANT

The sun emits radiant energy continuously in space of
which an insignificant part reaches the earth. The solar
radiant energy received per unit area per unit time by a
black surface held at right angles to the sun's rays and
placed at the mean distance of the earth (in the absence of
atmosphere) is called Solar Constant. The solar constant S
is taken to be 1400 watts/m?2.

Temperature of the Sun : Let R be the radius of the Sun
and r be the radius of Earth's orbit around the Sun. Let E be
the energy emitted by the Sun per second per unit area.
Then, the total energy emitted by the Sun in one second =
4nR2x E. This energy is falling on a sphere of radius equal
to the radius of the Earth's orbit around the Sun i.e., on a
sphere of surface area 4mr2.

, _ 47R%>xE ExR?
The energy falling per unit area = A ==
r r

By definition, this is the solar constant S

2
ie, S= > ButE=oc T4 According to Stefan's law,
r
1/4
oT*R? 4 2 Sxr?
S=— or T* = or T= 5
r oR2 oxR

Now, S=1400 Wm 2, R=6.96 x 108 m, r=1.496 x 10! m,
6 =5.68 x 1078 SI units

e
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Q.1

Q2

Q3

Q4

Q5

On substituting these values above, we get T, the surface
temperature of the Sun. It comes out to be equal to 5791 K.
In this way, the surface temp. of Sun has been estimated.

TRYITYOURSELF-5
The plots of intensity versus wavelength for three
black bodies at temperatures T , T, and T; respectively
are as shown . Their temperatures are such that :
(A) T, >T,>T,
(B) T,>T;>T, !
T,

T >

(©) T,>T;>T,
(D) T,>T,>T,

Three rods made of the same material and having the
same cross-section have been joined as shown in the
figure. Each rod is of the same length . The left and right
ends are kept at 0 °C and 90 °C respectively . The
temperature of junction of the three rods will be :

(A)45°C 90°C
(B)60°C

(€)30°C 0°C

(D)20°C 90°C

An ideal black-body at room temperature is thrown into a

furnace . It is observed that :

(A) initially it is the darkest body and at later times the
brightest

(B) it is the darkest body at all times

(C) it cannot be distinguished at all times

(D) initially it is the darkest body and at later times it

cannot be distinguished

Two spherical bodies A (radius 6 cm) and B (radius 18

cm) are at temperature T 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 ?

A composite block is made of slabs A, B, C, D and E of

different thermal conductivities (given in terms of a const.

K) and sizes (given in terms of length, L) as shown in the

fig. All slabs are of same width. Heat Q flows only from left

to right through the blocks. Then in steady state

0 1L 5L 6L
Heat
_— A B 3K E
1L
E—
2K C 4K | 6K
E—
3L
_— D 5k
4L

(A) heat flow through A and E slabs are same

(B) heat flow through slab E is maximum

(C) temperature difference across slab E is smallest
(D) heat flow through C = heat flow through B + heat

flow through D.

Q.6

Q.7

Q8

Two rectangular blocks, having identical dimensions, can
be arranged either in configuration I or in configuration
IT as shown in the figure. One of the blocks has thermal
conductivity k¥ and the other 2x. The temperature
difference between the ends along the x-axis is the same
in both the configurations. It takes 9s to transport

a certain amount of heat from the hot end to the cold end
in the configuration I. The time to transport the same
amount of heat in the configuration II is —

Configuration II
Configuration I onhguration

2K

|K|2K K

(A)2.0s B)3.0s

(©)4.5s (D)6.0s

Parallel rays of light of intensity I =912 Wm2 are incident
on a spherical black body kept in surroundings of
temperature 300 K. Take Stefan-Boltzmann constant

6 =57 x 108 Wm 2K and assume that the energy
exchange with the surroundings is only through radiation.
The final steady state temperature of the black body is
close to —

(A)330K (B)660K

(C)990K (D) 1550K

Two spherical stars A and B emit blackbody radiation.
The radius of A is 400 times that of B and A emits 10*
times the power emitted from B. The ratio (A /Ap) for
their wavelengths A, and Ay at which the peaks occur in
their respective radiation curves is :

ANSWERS

@ ®)
(5) (ACD)

®O
ADDITIONAL EXAMPLES

®H ®B)
(ONC)
7 (A)

3 A)
©6)(A)

Example1:

Sol.

A clock which keeps correct time at 25°C has a pendulum
made of brass whose coefficient of linear expansion is
0.000019. How many seconds a day will it gain if the
temperature fall to 0°C.

Let L and L, 5 be the length of pendulum at 0°C and 25°C
respectively. We know that
L,s=Ly(1+aT)=T,(1+0.000019 x25)=1.000475 L,

If T,5 & T, be the time periods at 25°C & 0°C
respectively,then

(Lys) (Ly)
T25:2n,/LfJ andTOZZR,/LEOJ
Ts _ L)
T, ‘\](LOJ B

= J(1.000475) =1.000237

Lo

J( 1.000475L0]
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N T)s - Ty
ow
Ty

=0.000237

Gain in time for one vibration =2 x 0.000237 sec.

24 x 60 x 60

Number of vibration in one day = >

(T=2sec.)
Hence the gain in time in one day

24 x 60 x 60

=2x0.000237 x =20.52sec.

Example2:
A circular hole in an aluminium plate is 2.54 cm in diameter
at 0°C. What is the diameter when the temperature of the
plate is raised to 100°C ? Given o, =2.3 x 1073 (°C) !
Let D & D, be diameters of hole at 0°C and t°C respectively.
Circumference of hole at 0°C, Ly=2mry=nD,
Circumference of hole at t = 100°C, £, =2mr, = nD,
Fromrelation £, = £, (1 + a..t), we get
D, =nDy (1 +2.3 x 107 x 100)
D,=2.54(1+0.0023)=2.5458 cm

Sol.

Example3:

If the volume of a block of a metal changes by 0.12% when
it is heated through 20°C, what is the coefficient of linear
expansion of metal ?

Coefficient of cubical expansion of metal is given by

AV AV 0.12

Y v, .Herey:7t= 100 ,t=20°C

Sol.

012
~100%20
Coefficient of linear expansion

Sy =6.0 x 107 per °C

6.0x107°
3

a:%: =2.0%10-5 Per°C

Example4:
1 g of steam at 100°C can melt how much ice at 0°C ? Latent
heat of ice = 80 cal/g and latent heat of steam = 540 cal/g.
Sol. Heat required by ice for melting of m g of ice= mL =mx80cal
Heat available with steam for being condensed and then
brought to 0°C =1 x 540 % 100 = 640 cal
mx80=640 or m=640/80=8 grams
Example5:
A tap supplies water at 10°C and another tap at 100°C. How
much hot water must be taken so that we get 20 kg of water
at35°C?
Let mass of hot water = m kg ?
mass of cold water = (20 —m) x 1 X (35— 10)
Heat given by hot water =m x 1 x (100 —35)
Law of mixture gives
Heat given by hot water = Heat taken by cold water
mx1x(100-35)=(20—m) x (35— 10)
65m=(20—m) x 25
65m=500-25m or
m=>500/90=5.56kg

Sol.

90 m=500

Example6:
S5gice of 0°C is mixed with 5g of steam at 100°C. What is the
final temperature ?
Heat required by ice to raise its temperature to 100°C,
Q, =m,L; +m,c A0,
=5%x80+5x%1x100=400-+500=900 cal
Heat given by steam when condensed,
Q,=myL,=5x536=2680 cal
As Q, > Q. This means that whole steam is not even
condensed. Temperature of mixture will remain at 100°C
Example 7 :
Certain perfect gas is found obey PV32 = const. during
adiabatic process. If such a gas at initial temperature T is
adiabatically compressed to half the initial volume, find its
final temperature will be

Sol.

Sol. .. PV3/2 = constant (given)
pp— BRL . (_HRTJ V3/2) =
utP= v AR (V°'4) = constant

When V change to V/2 the temperature becomes /2T .

Example8:

An air bubble of volume v, is released by a fish at a depth
h in a lake. The bubble rises to the surface. Assume
constant temperature and standard atmospheric pressure
above the lake. Find the volume of the bubble just before
touching the surface [(density) of water is p]

As the bubble rises the pressure gets reduced for constant
temperature, if P is the standard atmospheric pressure, then

Sol.

pgh
(ptpgh)vy=PV or V=V, [HT)

Example9:
Two gases occupy two containers A and B the gas in A, of
volume 0.10m3, exerts a pressure of 1.40 MPa and that in B
of volume 0.15m> exerts a pressure 0.7 MPa. The two
containers are united by a tube of negligible volume and
the gases are allowed to intermingle. Then if the temperature
remains constant, find the final pressure in the container.
(in MPa)
We know that
P,V ,=nRT,PV5=ngRT
and P¢(V, +Vp)=(n, +ng) RT
Pe(V,+Vp)=P,V,+P5Vy

Sol.

(PAVa +P5V3)  14x0.140.7x0.15

P =
f Vp +Vp 0.1+0.15

MPa=9.8MPa
Example 10 :

What is the degree of freedom of gas ? If at STP the velocity
of sound in it is 330 m/sec gas density = 1.3 mg/cm3.

vP
Sol. v= ‘/F ,P=1.013x 105 N/m?, p=1.3 kg/m>, v=330m/s

2
v’p

y=— =14
p

Y
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Let f be the number of degree of freedom then
C,=fR2 ande:fR/2+R:R(l +1/2)

S22 (s
v=o —p Cl4= ()

Example 11 :

A body of mass 2Kg is dragged on a horizontal surface
with constant speed of 2m/s. if the coefficient of friction
between the body and the surface is 0.2, then find the heat
generated in 5 sec.

Sol. The work done against the force of friction
=p R x distance =0.2 x 2 x 9.8 x 2 (in one second)
=(0.2%x2x9.8%x2)x5=39.2](in5 second)

39.2
Heat generated = 27 9.33cal.

Example 12 :

A bullet, moving with velocity v, is stopped by the target
and then completely melts if the mass of bullet is m. Its
specific heat is's', initially temperature is 25°C, melting point
is 475°C and latent heat is L, then find the velocity V is
given by the relation.

2
Sol. W=JQ and W ="

and Q=mL +ms (0,-0))

2 2

L =[mL+ms(0,-0,)] .. ———

=mL+ms (475 —

25)
Example 13 :

One mole of an ideal
monatomic gas is caused to 4
go through the cycle shown
in figure. Then find the change | 2p, e
in the internal energy in
expanding the gas

Pressure

o

S
v
o

from a to c along path abc.

v

PV
-+ ——=uR = constant Vo Mo
T Volume

Sol.

For any state of an ideal gas. Therefore

Pava _ Pch

PVy  2Py4V,
Ta TC o T0 Tc :

; T,=8T,

Thus change in internal energy

3 21
AU=pCAT =1x 2 xRxTTy = == RT,=10.5RT,

Example 14 :
The figure shows the change in a thermodynamic system
is going from an initial state A to the state B and C and
returning to the state A. If U, =0, Up=30J an the heat given
to the system in the process B — C, 50J, then determine :

90 ¢
pressure P(N/m?) 60 A
30 AR B
0— =
Volume V(m?)

(i) internal energy in the state C
(i) heat given to the system in the process A - B
Sol. (i)  Work done in the process B— C, W=0]-.- volume

is constant] and heat given to the system
Q=50J(given)
Hence, by the first law of thermodynamics, the
change in the internal energy is
AU=(Uc-Up)=Q-W=50J

= Uc=Ug +AU=30+50=280J

(i)  FortheprocessA— B, AU=Ug-U, =30Joule and
W=areaABCD=DE xDA=2x30=60J
Q=AU+W=30+60=90J

Example 15:
An ideal gas expands from state (P, V) to state (P,, V)
where P, =2P and V, =2V,. The path of the gas is expressed

(v-v,)’
by the following relation P =P, 1+L v, J | find work
done
2vy 2vy ( 2
V-V
SoL w- | P&v_ [ A vl I
vi vi !

gt v2 4 v12 - 2VV1\
=W=P, j L1+—2J dv
V] Vi
2V
sy, Vv [
=>W=P, V2 2V “ =>W=4/3PV,

Example 16 :

Calculate the root mean square velocity of the molecules of
hydrogen at a temperature of 0°C and a pressure of 76 cm
of mercury column when the density of hydrogen at NTP is
0.00009 g cm 3.

Pressure,

P =76 cm of mercury column= 76 x 13.6 x 981 dyne/cm?

Sol.

epolt |2
Density,  p=0.00009 gm/cm’ [ b= 39} Vims

3P [3x76x13.6x981
locity, Vims =4|—— =\ ————
rms velocity, Vims > 0.0000 cm/s

=1.838 x 10° cru/s.

e
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Example 17 : T, 773
Calculate the molecular kinetic energy of a unit mass of n=1 _T_l = 1‘@ =0.59

helium at NTP.
Sol. Molecular weight, M,
Molar gas constant, R =8.31 x 107 erg mol-! K1,

=4; Normal temperature, T=273 K

Molecular kinetic energy of a unit mass

3 RT 3 831x107 x273
) M, ) =% 4 erg=8.507 x 10° erg
Example 18 :

From what height must a block of ice be dropped into a well
of water so that 5% of it may melt. Given : both ice and
water are at 0°C, L=80 cal g, J=4.2 J cal"! & g=980cn/s2.

Let m be the mass of ice. Let h be the height from which
block of ice is dropped. Work done, W=mgh=mx980x h erg

Sol.

5
; =—xm
Mass of'ice to be melted 100 g

5
Heat required, Q = 100 xmx 80 cal or Q=4mcal

[~ L=80calg ][
Now,m x980xh=Jx4m

W=JQ]

_42x107 x4m
m x 980

m=17143m

[ J=42x107ergcal ]
Example 19:

If hot air rises, why is it cooler at the top of a mountain than
near sea level?

Sol. Pressure decreases with height. Therefore if hot air rises, it
suffers adiabatic expansion. Therefore form first law of ther-

modynamics AQ=AU+ AW
AU=-AW (as AQ=0)

This causes a decrease in internal energy and hence a fall
oftemperature. That is why it is cooler at the top of a moun-
tain than at sea level.

Example 20 :
The temperatures T, and T, of the two heat reservoirs in
an ideal Carnot engine are 1500°C and 500°C respectively.
Which of the following : increasing T by 100°C or de-
creasing T, by 100°C would result in a greater improve-
ment in the efficiency of the engine?

Sol. The efficiency of a Carnot's engine is given by n =

GivenT; =1500°C=1500+273=1773K
and T, =500°C=500+273=773 K.

When the temperature of the source is increased by 100°C,
keeping T, unchanged, the new temperature of the source
is T} =1500+100=1600°C=1873 K. The efficiency becomes

On the other hand, if the temperature of the sink is decreased
by 100°C, keeping T unchanged, the new temperature of
the sink is T", =500 — 100 = 400°C = 673 K. The efficiency

T, 673

T=l-—%=1- =0.62

now becomes " T, 773
Since "’ is greater than 1’, decreasing the temperature of
the sink by 100°C results in a greater efficiency than
increasing the temperature of the source by 100°C.

Example 21 :
Calculate the change in entropy to convert 1 gm ice at
—10°C to steam at 100°C.
Sol. —10°Cice — 0°Cice — 0°C water — 100°C water — 100°C
steam
As = mslo 273 mL ——+mslo ﬂ—i— mL
ST o 8073 3
_1x05 log 273 1x80+1x OgﬂJr1x540
263 273 273 373
Example 22 :

A copper sphere cools from 62°C to 50°C in 10 minutes and
to 42°C in the next 10 minutes. Calculate the temperature of
the surroundings.

Sol. By Newton's law of cooling,
0, -6, 6, +0,
=-k -0
t [ 5 0 (1)

A sphere cools from 62°C to 50°C in 10 min.

62-50 [62+50

10

=k

) 2
Now, sphere cools from 50°C to 42°C in next 10 min.

50-42  [50+42
10 L 2

—09 (3

Dividing eq". (2) by (3) we get,

56-0, 1.2

46-0, 08 O 040,=104

Hence 0, =26°C
Example 23 :

Two spheres of the same material have radii 6 cmand 9 cm
respectively. They are heated to the same temperature and
allowed to cool in the same enclosure. Compare their initial
rates of emission of heat and initial rates of fall of
temperature.

—
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Sol. Given: ry=6cm, r,=9cm, .. 7 3

According to Stefan's law of radiation, the rate of emission
of heat by an ordinary body,

dQ
R, = [E) =cAeT* or R, oc 12 (A=4mr?)
2
Ry (5) _(g)z_i Remp _ 5 _3
ha r2 3 9 i RFT2 rl 2

[Rate of fall of temp. Ry,

0 cAe(T*-Ty A 1
B _ oAl ~To) Rpr c— or Rpp -
dt msJ m r

.. Initial rates of emission of heat are in the ratio 4 : 9 and

initial rates of fall of temperature are in the ratio 3 : 2.
Example 24 :

An aluminium rod and a copper rod of equal length Im and
cross-sectional area 1cm? are welded together as shown in
the figure. One end is kept at a temperature of 20°C and
other at 60°C. Calculate the amount of heat taken out per
second from the hot end. Thermal conductivity of aluminum
s 200 W/m°C and of copper is 390 W/m°C.

Aluminium
Copper

20°C

60°C

Sol. Heat current through the aluminium rod

200x(1x107%)
1
Heat current through the copper rod

390x(1x107)
=
Total heat =200 x 104 x 40 + 390 x 10 x 40
=590 x 40 x 104=2.36 Joule
Example 25 :

.(60-20)

.(60-20)

The three rods shown in the figure (1) have identical
geometrical dimensions. Heat flows from the hot end at the
rate of 40W in arrangement (1). Find the rate of heat flow
when the rods are joined in arrangement (2). Thermal
conductivity of aluminum and copper are 200 W/m°C and
400 W/m°C respectively.

0°C Al Cu Al 100°C

M

Cu
Al

0°C Al 100°C

2)

Sol. (a) In the arrangement (1), the three rods are joined in series.
The rate of flow of heat,
do _KA(B;-6,)  6,-6,
dt l R
But, R =R, +R, +R;[In series]

100-0

100
Ri+Ry +R; ? R [ +L
KA K,A KA

100
W=—r—""= 42 17 100
I R R L
AlK, Tk, |© AL200 400" 40

£ 00
A~ 200perm

() In figure (2) two rods all in parallel and resultant of
both is in series the first rod

dQ 6,-6, 1
== _ "2 =R 4+ -
@ ® Bt RRr—
Ri R,
dQ  100-0
dt ¢ R 1
KA KA KA
Y4 V4
100-0  600x100 _

., 1 ©200x4
AlK, K +K,
Example 26 :

Anice box made of 1.5 cm thick styrofoam has dimensions
60 cm x 30cm. It contains ice at 0°C and is kept in aroom at
40°C. Find the rate at which the ice is melting. Latent heat of
fusion of ice = 3.36 x 10° J/kg. and thermal conductivity of
stryrofoam = 0.4 W/m-°C.

Sol. The total surface area of the walls
=2(60 cm x 60 cm+ 60 cm x 30 cm+ 60 cm x 30 cm) = 1.44 m?
The thickness of the wall=1.5cm=0.015m
The rate of heat flow into the box is

AQ KA(0;-0,) (0.04W/m—°C)(1.44m")(40°C)
At X - 0.015m

=154 W.

154W

Rate at which the ice melts is = P S—
336x10°7/kg

=0.46g/s

B
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Example 27 :

A black body emits 10 watts per cm? at 327°C. The sun
radiates 105 watt per cm? then what is the temperature of
the sun ?

1/4

4
5
Egun ( Egun \ Tsun [10 \

Sol. -- = il ;T =6000 K
Epody LEbodyJ Toody L 10} sun

Example 28 :

A bulb made of tungsten filament of surface are a 0.5 cm? is
heated to a temperature 3000K when operated at 220V. The
emissivity of the filament is € =0.35 and take 6 =5.7 x 10~
8 mks units. Calculate the wattage of the bulb.

Sol. The emissive power watt/m? is E= ecT*

Therefore the power of the bulb is P = € x area (Watts)

.. P=eAcT*

S P=0.35%x0.5%x104%5,7x 1078 x(3000)*=80.8 W

Example 29 :
In the above example, if the temperature of the filament falls
to 2000K due to a drop of mains voltage, then what will be
the wattage of the bulb ?

Sol. Now the power of the bulb will be such that

P (1)

) 4
P, LTl . Thus P, =P, x [—j

3

16
- Py =80.8 % E:PZZ 15.96

Example 30 :

Two liquids of same volume are cooled under same
conditions from 65°C to 50°C. Time taken are 200sec and
480 sec. If ratio of their specific heats is 2 : 3 then find the
ratio of their densities. (neglect the water equivalent of

calorimeter)
Sol. From Newton's law of cooling
(mlsl +W1\ (mzsz +W2\
L t J (el_ez)zk t J (0,-6,)
here w; =w, =0
mlsl _ m282 Vd181 _ Vd252
ot ot b
dl t152 200 3 5
= —_—_—mn—— = —_——= —
dz t251 480 2 8
Example 31 :

A liquid takes 30 seconds to cool from 95°C to 90°C and 70
seconds to cool from 55 to 50°C. Find the room temperature
and the time it will take to cool from 50°C to 45°C

Sol. From the first data

95-90 k(95X90—9) 1
0 5 0] €))
From the second data
55-50 k(55—50_e) )
0 0 0] 2
o 7 92.5-6,
Dividing (1) and (2) we get, 3° ﬂ
Solution : ve to ge 0, =22.5° .. 3)

Let the time taken in cooling from 50°C to 45°C is t, then
-4 -4
50-45_ [50 5 90)
t 2
Using 0, =22.5°C, and dividing (1) by (2) we get

L_[92~5—22~5)
30 \475-225) == 84sec
Example 32 :

At 1600 K maximum radiation is emitted at a wavelength of
2um. Then find the corresponding wavelength at 2000 K.

Sol. Using }\‘mlT = 7\m2 T,

Doy T

m
A M 2

2x107% x1600

=1.6 um
2000 H
Example 33 :

If the temperature of a body is increased by 50%, then find
the increase in the amount of radiation emitted by it.

Sol. Percentage increase in the amount of radiations emitted

(5T A

E; -E
2= ox100= x 100
E, T
E, -E E,-E
22 100=[(1.5)* ~ 1] x 10; —2— x 100=400%
E, E,
Example 34 :

A blackened platinum wire of length Scm and perimeter
0.02cm is maintained at a temperature of 300K. Then at
what rate the wire is losing its energy ?

(Take s =57 x 1078 units)

d
The rate of radiation heat loss is Q = e AoT? (watts)

1.
So &t

for blackened surface € =1
and A= (2nr)l =P ... ¥ length
A=0.02x5x 1072 Thus
dQ

S 0.02 x5 x 1074 x5.7x 1078 x (3000)* =46.2W

v
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CHAPTER 12 : HEAT & THERMODYNAMICS

EXERCISE -1 [LEVEL-1]

Choose one correct response for each question.

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

QS8

Q.9

Q.10

PART -1: THERMAIL EXPANSI

Coefficient of volumetric expansion of solids and liquids
is

(A) high with respect to gases.

(B) low with respect to gases.

(©) equals to that of gases

(D) high atlow temperature and low at high temperature.
There is a hole in the middle of a copper plate. When
heating the plate, diameter of hole would

(A) increases (B) decreases

(C) remains the same (D) none of these

With rise in temperature, density of a given body
changes according to one of the following relations

(A) p=pg [1+7AT] (B) p=pg [1-7AT]

(C) p=pgv AT (D) p=py /v AT

The temperature at which centigrade and fahrenheit
scales give the same reading, is —

(A)—40° (B)40°

(©)-30° (D)30°

When temperature of water is raised from 0°C to 4°C, it—
(A) expands

(B) contracts

(C) expands upto 2°C and then contracts upto 4°C.
(D) contracts upto 2°C and then expands upto 4°C.
The density of water at 4°C is 1000 kg m~3 and at 100°C
itis 958.4 kg m3. The coefficient of volume expansion
of water is —
(A)4.5x 1073 °C!
(C)4.5x10%°C!

PART -2 : CALORIMETRY
The latent heat of vaporization of a substance is always
(A) Greater than its latent heat of fusion
(B) Greater than its latent heat of sublimation
(C) Equal to its latent heat of sublimation
(D) Less than its latent heat of fusion
540 g ofice at 0°C is mixed with 540 g of water at 80°C.
The final temperature of the mixture is
(A)0°C (B)40°C
(©)80°C (D) Less than 0°C
100 gm of'ice at 0°C is mixed with 100 g of water at 100°C.
What will be the final temperature of the mixture
(A)10°C (B)20°C
(©)30°C (D)40°C
Place the following in increasing order of the amount of
heat required:
(a) vaporizing 1.0 kg of water
(b) melting 1.0 kg ofice
(c) heating 1.0 kg of water from 0°C to 100°C.
(A)a,b,c (B)a,c,b
(C)b,a,c (D)b,c,a

(B)5.4x1075°C!
(D)5.4x10°6°C1

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Steam burns are more serious as

(A) steam at 100°C carries same heat as that of water
100°C but pressure of steam is more.

(B) steam is more reactive.

(C) steam has less surface tension and so it burns
surface more rapidly.

(D) steam, at 100°C carries more heat than water at 100°C.

Two liquids A and B are at 32°C and 24°C. When mixed

in equal masses the temperature of the mixture is found

to be 28°C. Their specific heats are in the ratio of —

(A)3:2 (B)2:3
O1:1 (D)4:3
PART -3 :KINETIC THEORY OF A

IDEAL GASES

When the temperature of a gas is raised from 27°C to

90°C, the percentage increase in the r.m.s. velocity of

the molecules will be

(A) 10% B) 15%

(©)20% D) 17.5%

Choose the correct statement —

(A) Mean free path is proportional to temperature if
pressure is kept constant.

(B) Mean free path is inversely proportional to pressure
if temperature is kept constant.

(C) Both(A)and (B)

(D) None of these

At what temperature, the mean kinetic energy of O, will

be the same for H, molecules at —73°C

(A)127°C (B)527°C

(©)-73°C (D)-173°C

Which one of the following is not an assumption of

kinetic theory of gases?

(A) The volume occupied by the molecules of the gas is
negligible.

(B) The force of attraction between the molecules is
negligible.

(C) The collision between the molecules are elastic.

(D) All molecules have same speed.

The kinetic theory of gases gives the formula

1 —
PV= 3 Nmv* for the pressure P exerted by a gas enclosed

ina volume V. The term Nm represents —

(A) the mass of a mole of the gas.

(B) the mass of the gas present in the volume V.

(C) the average mass of one molecule of the gas.

(D) the total number of molecules present in volume V.
The energy of a gas/litre is 300 joules, then its pressure
will

(A) 3 x 105 N/m?
(C) 10° N/m?

(B) 6 x 10° N/m?
(D) 2 x 10° N/m?

YT
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Q.19 Two molecules of a gas have speeds of 9 x 10° m/sand Q.29 Heat is not being exchanged in a body. If its internal

Q.20

1 x 10° m/s, respectively. What is the root mean square
speed of these molecules.

(A)21 x 106 m/s (B) +/21 * 10°m/s
(C) /41 x10°m/s (D) 40 x 10° m/s
A jar has a mixture of hydrogen and oxygen gas in the

ratio of 1 : 5. The ratio of mean kinetic energies of
hydrogen and oxygen molecules is —

(A)l:16 (B)1:4
(©)1:5 D)1:1
PART -4: SPECIFIC HEAT CAPACITY

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

Q.27

Q.28

One mole of a monoatomic ideal gas is mixed with one

mole of a diatomic ideal gas. The molar specific heat of

the mixture at constant volume is —

(A)8R (B)(32)R

(C)2R (D)2.5R

The heat capacity per mole of water is

(R is universal gas constant)

(A)9R (B)(972)R

(C)6R (D)SR

If specific heat of a substance is infinite, it means

(A) Heat is given out

(B) Heat is taken in

(©) No change in temperature takes place whether heat
is taken in or given out

(D) All of the above

The ratio of two specific heats (C_/C,) for CO is -

(A)1.33 (B)1.40

©129 (D) 1.66

If Cp and C,, denoted the specific heats of unit mass of

nitrogen at constant pressure and volume respectively,

then

(A) Cp—Cy=R/28 (B)Cp—-Cy=R/7

©) Cp-Cy=R/14 (D)Cp—Cy=R

A mixture of ideal gases N, and He are taken in the mass

ratio of 14 : 1 respectively. Molar heat capacity of the

mixture at constant pressure is —

(A)6R/19 (B)13R/6

(C)6R/13 (D) 19R/6

A mixture of n; moles of monatomic gas and n, moles of

. . (O
diatomic gas has — =y =1.5.
\4

(A)n;=n, (B)2n;=n,
(©)n;=2n, (D) 2n; =3n,
PART -5: HEAT RK AND

INTERNAL ENERGY
In a thermodynamic system working substance is ideal
gas, its internal energy is in the form of —
(A) Kinetic energy only
(B) Kinetic and potential energy
(C) Potential energy
(D) None of these

Q.30

Q.31

Q.32

Q.33

Q.34

Q.35

Q.36

Q.37

energy is increased, then —

(A) Its temperature will increase

(B) Its temperature will decrease

(C) Its temperature will remain constant

(D) None of these

Choose the correct option —

(A) U is a state variable.

(B) AU is path independent

(©) AQ and AW are path dependent

(D) All of the above

If a system undergoes contraction of volume then the
work done by the system will be

(A) Zero (B) Negligible

(C) Negative (D) Positive

Work done by air when it expands from 50 litres to 150
litres at a constant pressure of 2 atm is

(A)2x 10%] (B)2x1007J
(C)2x10°x1007J (D)2 x10°x1007J

PART -6: FIRST LA F
THERMODYNAMICS

In thermodynamic process, 200 Joules of heat is given
to a gas and 100 Joules of work is also done on it. The
change in internal energy of the gas is

(A)1001J (B)3007J

(©)4197] (D)24]

In a given process for an ideal gas, dW = 0 and dQ < 0.
Then for the gas —

(A) The temperature will decrease

(B) The volume will increase

(C) The pressure will remain constant

(D) The temperature will increase

Choose the correct statement —

(a) IfQ >0, heat is added to the system

(b) IfQ <0, heat is removed to the system

(c) If W> 0, Work is done by the system

(d) If W <0, Work is done on the system

(A) a,b,c (B)b,c,d
©)a,c,d (D) all of these
PART -7: THERMODYNAMI

PROCESSES
From the following V-T
diagram we can conclude
(AP, =P, (B)P,>P,

(C)P; <P, (D)None

A perfect gas contained in a cylinder is kept in vacuum.
If the cylinder suddenly bursts, then the temperature of
the gas —

(A) Remains constant
(C) Increases

(B) Becomes zero
(D) Decreases

]
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Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Q.45

Q.46

Q.47

When an ideal gas is compressed adiabatically, its

temperature rises; the molecules on the average have

more kinetic energy than before. The kinetic energy

increases —

(A) because of collisions with moving parts of the wall
only.

(B) because of collisions with the entire wall.

(C) because the molecules get accelerated in their motion
inside the volume.

(D) because of redistribution of energy amongst the
molecules.

In an isothermal expansion

(A) Internal energy of the gas increases

(B) Internal energy of the gas decreases

(©) Internal energy remains unchanged

(D) Average kinetic energy of gas molecule decreases

Work done per mol in an isothermal change is

Vi
RTlo —
B) g0,

V.
(A) RTlog;o—=
Vi 2

Vi
(D) RTlog, v,
The isothermal Bulk modulus of an ideal gas at pressure
Pis—
(AP B)vP
©)P/2 (D)Ply
A container that suits the occurrence of an isothermal
process should be made of
(A) Copper (B) Glass
(C) Wood (D) Cloth
In an isothermal process the volume of an ideal gas is
halved. One can say that
(A) Internal energy of the system decreases
(B) Work done by the gas is positive
(C) Work done by the gas is negative
(D) Internal energy of the system increases
A monoatomic gas (y = 5/3) is suddenly compressed to
1/8 of its original volume adiabatically, then the pressure
of the gas will change to
(A) 24/5 (B)8
(©)40/3 (D) 32 times its initial pressure
The pressure and density of a diatomic gas (y = 7/5)
change adiabatically from (P, d) to (P', d'). If d'/d = 32,
then P'/P should be
(A)1/128
(©)128
Which is incorrect —
(A) In an isobaric process, AP =0
(B) In an isochoric process, AW =0
(C) In an isothermal process, AT =0
(D) In an isothermal process, AQ =0
When heat in given to a gas in an isobaric process, then
(A) The work is done by the gas
(B) Internal energy of the gas increases
(C)Both (A) and (B)
(D) None of these

v
C) RTlog, —=
© ge v,

(B)32
(D) None of these

Q.48

Q.49

Q.50

Q.51

Q.52

Q.53

Q.54

Q.55

The P-V diagram for
adiabatic expansion of 0.2 00K
mole of an B

ideal diatomic gas is shown

in the figure. Work done jo-
by the gas during the v
process is approximately —
(A) zero (B)-623]J
(©)623] (D)3017J

PART -8 : HEAT ENGINES AND

REFRIGERATORS

Choose the correct option.

(A) Heat engine cannot have 100% efficiency.

(B) Refrigerator cannot work without external work.
(C) Both (A) and (B) are correct

(D) None of these

A Carnot engine operates between 227°C and 27°C.
Efficiency of the engine is —

(A)1/3 B)2/5

(C)3/4 (D)3/5

The coefficient of performance (o) of a refrigerator is
(when heat extractred is Q,)

Q, Q
(A) Q-Q (B) Q

Aheat engine has an efficiency 1. Temperatures of source
and sink are each decreased by 100K. The efficiency of

the engine
(A) increases (B) decreases
(D) becomes 1

The temperature of sink of Carnot engine is 27°C.
Efficiency of engine is 25%. Then temperature of source
is

(A)227°C (B)327°C
(©)127°C (D)27°C
PART -9 : CONDUCTION

Mud houses are cooler in summer and warmer in winter
because —

(C) remains constant

(A) Mud is superconductor of heat
(B) Mud is good conductor of heat
(C) Mud is bad conductor of heat
(D) None of these

A slab consists of two parallel layers of copper and brass
of the same thickness and having thermal conductivities
in the ratio 1 : 4. If the free face of brass is at 100°C and
that of copper at 0°C, the temperature of interface is
(A)80°C (B)20°C

(©)60°C (D)40°C
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Q.56

Q.57

Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

A metal rod of length 2m has cross sectional areas 2A
and A as shown in figure. The ends are maintained at
temperatures 100°C and 70°C. The temperature at middle
point C is

100°C c
[ A\l 70°C
4 —‘A
[ -
1m 1m
(A) 80°C (B)85°C
©)9%0°C (D)95°C

PART -10: CONVECTION

It is hotter for the same distance over the top of a fire

than it is in the side of it, mainly because —

(A) Air conducts heat upwards

(B) Heat is radiated upwards

(C) Convection takes more heat upwards

(D) Convection, conduction and radiation all contribute
significantly transferring heat upwards.

Which of the following statement(s) is/are correct?

I.  Convection is a mode of heat transfer by actual
motion of matter.

II. Convection is possible only in gases.

III. Convection can be natural or forced.

(A) Onlyl (B) Both I and III

(C) OnlyIl (D) All of these

In which of the following process convection does not

take place primarily?

(A) Sea and land breeze

(B) Trade wind

(C) Boiling of water

(D) Warming of glass of bulb due to filament

The common example of forced convection systems are

I human blood circulatory system.

II. cooling system of an automobile engine.

III. human-liver system.

IV. water cycle.

(A)OnlyI

(O)L.lland IV

(B)BothIandII
(D) Both IT and 111

PART - 11 : RADIATION
A black body at 2000K emits radiation with
Ay = 1250 nm. If for the radiation coming from the star
SIRUS A, is 71 nm, then find the temperature of this star.
(A)35211K (B)32211K
(C)25211K (D)15211K
Heat travels through vacuum by
(A) Conduction (B) Convection
(C) Radiation (D) Both (A) and (B)
If between wavelength A and A + dA, e,and a, be the
emissive and absorptive powers of a body and E, be the
emissive power of a perfectly black body, then according
to Kirchoff’s law, which is true
(A)e,=a,=E, (B)e,Ey=a,
©Oe=a,E, (D) €, a, E, = constant

Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

Q.70

Q.71

An ideal black body at room temperature is thrown into

a furnace. It is observed that

(A) Initially it is the darkest body and at later times the
brightest.

(B) It is the darkest body at all times.

(C) It cannot be distinguished at all times.

(D) Initially it is the darkest body and at later times it
cannot be distinguished.

If black wire of platinum is heated, then its colour first

appear red, then yellow and finally white. It can be

understood on the basis of

(A) Wien’s displacement law

(B) Prevost theory of heat exchange

(C) Newton’s law of cooling

(D) None of the above

Ifabody cools down from 80°C to 60°C in 10min when

the temperature of the surrounding is 30°C, then the

temperature of the body after next 10 min will be —

(A)50°C (B)48°C

(©)30°C (D) None of these

There is a black spot on a body. If the body is heated

and carried in dark room then it glows more. This can be

explained on the basis of —

(A) Newton’s law of cooling (B) Wien’s law

(C) Kirchoff’s law (D) Stefan’s

A students performs cooling experiment with a solid

sphere and hollow sphere of same material and size which

are heated to the same temperature. If the temperature

difference between each sphere and surroundings is

around 30°C, then —

(A) The hollow sphere will cool at a faster rate

(B) The solid sphere will cool at a faster rate

(C) Both spheres will cool at the same rate.

(D) Both spheres will cool at the same rate if temperature
difference more than 30°C.

PART -12: MISCELILANE

A pendulum clock (fitted with a small heavy bob that is
connected with a metal rod) is 5 seconds fast each day
at a temperature of 15°C and 10 seconds slow at a
temperature of 30°C. The temperature at which it is
designed to give correct time, is —

(A)18°C (B)20°C (C)24°C (D)25°C

If He, Hyg and H are heat required to raise the
temperature of one gram of water by one degree in
Celcius, Kelven and Fahrenheit temperature scales
respectively then —

(A)Hg >H>Hg (B)Hp>He>Hg

(O Hg=He>Hg (D)Hg =H-=Hg

One end of a uniform rod of length 1 m is placed in
boiling water while its other end is placed in melting ice.
A point P on the rod is maintained at a constant
temperature of 800°C. The mass of steam produced per
second is equal to the mass of ice melted per second.
If specific latent heat of steam is 7 times the specific
latent heat of ice, the distance of P from the steam
chamber must be

A)1/7Y)ym B)(1/8)m (C)(1/9)m (D)(1/10)m
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Q.72 On an X temperature scale, water freezes at —125.0°X Q.78 Some of the thermodynamic parameters are state

Q.73

Q.74

Q.75

Q.76

Q.77

and boils at 375.0°X. On a Y temperature scale, water
freezes at —70.0° Y and boils at —30.0° Y. The value of
temperature on X-scale equal to the temperature of 50.0°Y
on Y-scale is —

(A)455.0°X (B)-125.0°X
(C)1375.0°X (D) 1500.0°X

A steel rod of length 1m is heated from 25°C to 75°C
keeping its length constant. The longitudinal strain
developed in the rod is (Given : Coefficient of linear
expansion of steel = 12 x 1076/°C)

(A)6x107 (B)-6x107
(C)-6x10* (D) zero

A power radiated by a black body is P and the
wavelength corresponding to the maximum energy is
around A,. On changing the temperature of the black
body, it was observed that the power radiated is
increased to (256/81) P,. The shift in the wavelength
corresponding to the maximum energy will be —
(A)+1y/4 (B)+1y2

(C)—1y/4 (D)—2y/2

Two elastic rods are joined between fixed supports as
shown in figure. Condition for no change in the lengths
of individual rods with the increase of temperature.

(a,,a, =linear expansion coefficient, A, A, = area of
rods, y,, y, = Young modulus)

= =
| MAYT apay, E
T L
@) A_un (B)ﬂz Loy,
Ay 0y, A,  Lyouy,
© ﬂz Lyoyy, D) ﬁz %Y
A, Lioyy Ay gy

There are four objects A, B, C and D. It is observed that

A and B are in thermal equilibrium and C and D are also

in thermal equilibrium. However, A and C are not in

thermal equilibrium. We can conclude that —

(A) B and D are in thermal equilibrium

(B) B and D could be in thermal equilibrium but might
not be

(C) B and D cannot be in thermal equilibrium

(D) The zeroth law of thermodynamics does not apply

here because there are more than three objects.

In an adiabatic expansion the product of pressure and

volume —

(A) decreases (B) increases

(C) remains constant (D) first increase then decreases

Q.79

Q.80

Q.81

Q.82

variables while some are process variables. Some

grouping of the parameters are given. Choose the correct

one —

(A) State variables : Temperature, No. of moles ; Process
variables : Internal energy, work done by the gas

(B) State variables : Volume, Temperature ; Process
variables : Internal energy, work done by the gas

(C) State variables : work done by the gas, heat rejected
by the gas. ; Process variables : Temperature, volume

(D) State variables : Internal energy, volume ; Process
variables : Work done by the gas, heat absorbed by
the gas

A cube, a pyramid (with all four faces identical) and a

sphere (all of them hollow) are made from the same

material and have equal mass and bound equal volume.

They are heated to the same temperature and then left

to cool. After some time,

1. sphere will have the highest temperature

2. pryamid will have the highest temperature.

3. cube will have the lowest temperature.

4. sphere will have the lowest temperature.

5. pyramid will have the lowest temperature

Correct option will be :
(A)2and3 (B)3and 1
(C)land5 (D)2 and 4

A gas is expanded from volume V, to 2V, under three
different processes. Process 1 is isobaric process,
process 2 is isothermal and process 3 is adiabatic. Let
AU, AU, and AUj; be the change in internal energy of
the gas is these three processes.Then —

P
i

Py >

—

»V
Vo 2Vy

(A) AU; > AU, > AU, (B) AU, < AU, < AU,
(C) AU, < AU, < AU, (D) AU, < AU; < AU,
Which of the following will have maximum total kinetic
energy at temperature 300 K —

1 1

1 3
©) Ekg H, + Zkg He (D) 1 kg, He

A body cools from 50°C to 40°C in 5 minutes. The
surrounding temperature is 20°C. In what further time
(in minutes) will it cool to 30°C?

(A5 B)152

(C)25/3 (D) 10

=
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Q.83

Q.84

Q.85

Q.86

Q.87

Q.88

Four particles have velocities 1, 0, 2, 3 m/s. The root
mean square of the particles is (in m/s)

(A)3.5 B) 35
©15 D)V14/3

The specific heat of Ar at constant volume is
0.075 kg ! K~1. Calculate the atomic weight
(R=2calmol ! K1)

(A)40 (B)404

(©)40.2 (D)40.80

In a process the density of gas remain constant. If the
temperature is doubled, then the change in the pressure
will be

(A) 100% increase (B) 200% increase

(C) 50% decrease (D) 25% decrease

What is the average velocities of particles is a gas —

A RT B
A\ (B) zero
C 2RT b 8RT
O\ )~y

Consider two identical iron spheres, one which lieon a
thermally insulating plate, while the other hangs from
an insulatory thread. Equal amount of heat is supplied
to the two spheres—

IOO

(A) Temperature of A will be greater than B.
(B) Temperature of B will be greater than A.
(C) Their temperature will be equal.

(D) Can’t be predicted.

Let V denote the root mean square speed of the
molecules in an ideal diatomic gas at absolute
temperature T. The mass of a molecule is 'm'. Neglecting
vibrational energy terms, which is false?

(A) A molecule can have a speed greater than /2 v.
(B) V is proportional to /T .

(C) The average rotational kinetic energy of a molecule
is mv?/4.

(D) The average kinetic energy of a molecule is Smv2/6.

Q.89

Q.90

Q.91

Q.92

Two holes of unequal diameters d; and d, (d; > d,) are
cut in a metal sheet. If the sheet is heated

‘Q
2,

(A) both d; and d, will decrease.
(B) both d, and d, will increase.

(C) d, will increase, d, will decrease.

(D) d; will decrease, d, will increase

A horizontal tube, open at both ends, contains a column
of liquid. The length of this liquid column does not
change with temperature. Let y = coefficient of volume
expansion of the liquid and a = coefficient of linear
expansion of the material of the tube.

(A)y=a (B)y=2a

©)y=3a D)y=0

In a vertical U-tube containing a liquid, the two arms are
maintained at different temperatures, t; and t,. The liquid
columns in the two arms have heights /,and /,
respectively. The coefficient of volume expansion of the
liquid is equal to

- tl
4
0| ||t
N —4
=1, )
(A) Loty =ity ®) BUR 215
b +14, b +1,

© g+, D)t + 04t

Maxwell’s velocity distribution curve is given for two
different temperature. For the given curves.

Na T]
TZ
>V
(A)T,>T, (B)T,<T,
(O)T,<T, (D)T,=T,

3
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LY

Q.1

Q2

Q3

Q4

Q5

NE OPTIONI RRECT
A diatomic ideal gas undergoes a thermodynamic change
according to the P-V diagram shown in the figure. The
total heat given to the gas is nearly (use In 2 = 0.7)

AP
S A
A klsot erma
|2 — [ : C
v, av, oV
(A)2.5P,V, (B) 1.4P,V,
(O) 1.1P,V, (D)3.9PyV,

An ideal gas with adiabatic exponent (y = 1.5) undergoes
a process in which work done by the gas is same as
increase in internal energy of the gas. The molar heat
capacity of gas for the process is —

(A)C=4R (B)C=0

(©)C=2R (D)C=R

For an ideal gas four processes are marked as 1, 2, 3 and
4 on P-V diagram as shown in figure. The amount of
heat supplied to the gas in the process 1, 2, 3 and 4 are
Qy, Q,, Q3 and Q, respectively, then correct order of
heat supplied to the gas is — [AB is process-1, AC is
process-2, AD is adiabatic process-3 &AE is process-4]

P

\Y%
(A)Q;>Qy>Q3>Qy (B)Q;>Q,>Q>Q;
(©Q>Q4>Q,>Qy D)Q;<Qy<Q3<Qy

In a process the pressure of a gas is inversely
proportional to the square of the volume. If temperature
of the gas is increases, then work done by the gas —
(A) is positive (B) is negative

(C) is zero (D) may be positive

One mole of an ideal gas is taken from state A to state B
by three different processes, (A) ACB (B)ADB (C) AEB
as shown in the P-V diagram. The heat absorbed by the
gas is—

Q.6

Q.7

Q8

Q.9

(A) greater in process (B) than in (A).

(B) the least in process (B).

(C) the same in (A) and (C).

(D) less in (C) then in (B).

All the rods are made of same material and have equal
cross-sectional area. Length of rods are such that
L,=L,=L,=Ls#L;.

Temperature 6, =0 > 0> 0 > 0 =0 . Consider the
following statements for steady state.

(i) As o # a, , power through AC # power through DF.
(i1) Power through CD =2 (power through DF) which of
the following is correct —

(A) statement (i) is correct but (ii) is incorrect

(B) statement (i) is incorrect but (ii) is correct

(C) both are incorrect

(D) both are correct

A black body emits radiation at the rate P when its
temperature is T. At this temperature the wavelength at
which the radiation has maximum intensity is . If at
another temperature T' the power radiated is P' and
wavelength at maximum intensity is A/2 then —
(A)P'T'=32PT B)PT'=16PT

O PT'=8PT (D)P'T'=4PT

Suppose 0.5 mole of an ideal gas undergoes an
isothermal expansion as energy is added to its heat Q.
Graph shows the final volume V¢ versus Q.

The temperature of the gas is

(use In9=2 and R=25/3 J/mol-K)

0.3

Vi(m?)

]

0.1

0 500 1000 1500
QM)

(A)360K (B)293K

(©)386K (D)412K

The emissive power of a black body at T =300 K is 100
Watt/m2. Consider a body B of area A= 10m? coefficient
of reflectivity r = 0.3 and coefficient of transmission
t=0.5. Its temperature is 300 K. Then which of the
following is incorrect —

(A) The emissive power of B is 20 W/m?2

(B) The emissive power of B is 200 W/m?2

(C) The power emitted by is 200 watts

(D) The emissivity of B is 0.2

B
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Q.10

Q.11

Q.12

Q.13

When a sample of a gas is taken from stable i to state f
along the path ‘iaf’, heat supplied to the gas is 50 cal
and work done by the gas is 20 cal. If it is taken by path
‘ibf”, then heat supplied is 36 cal.

Pressure

Volume

(a) Work done by the gas along path ibf is 6 cal

(b) If work done upon the gas is 13 cal for the return
path ‘fi’, then heat rejected by the gas along path
“fi” is 43 cal.

(c) Ifinternal energy of the gas at state i is 10 cal, then
internal energy at state ‘f” is 40 cal.

(d) Ifinternal energy at stable ‘b’ is 22 cal and at ‘i’ is
10cal then heat supplied to the gas along path ‘ib’ is
18 cal.

(A) ab (B)ac

(C) abc (D) abed

5 moles of nitrogen gas are enclosed in an adiabatic

cylindrical vessel. The piston itself is a rigid light

cylindrical container containing 3 moles of Helium gas.

There is a heater which gives out a power 100 cal to the

nitrogen gas. A power of 30 cal is transferred to Helium

through the bottom surface of the piston. The rate of

increment of temperature of the nitrogen gas assuming

that the piston moves slowly :

z

K

(A) 2K/sec (B) 4K/sec

(C) 6K/sec (D) 8K/sec

A parallel plate capacitor of capacitance 200 pF is charged
by a battery of emf 100 V. The battery is now
disconnected and temperature of the plates is equal to
atmospheric temperature. The plates are now connected
by a thin wire of negligible heat capacity. Assume 50 %
of'their stored energy increases their temperature till the
capacitor gets completely discharged and energy
equally distributes over the plates. If thermal capacity
of each plate is 0.5 J K~! and co-efficient of linear
expansion is 2 x 107 °C! | percentage increase in the
volume of the plates is :

(A) 0.001 % (B) 0.002 %

(C) 0.003 % (D) 0.004 %

Two thin walled spheres of different materials, one with
double the radius and one-fourth wall thickness of the
other, are filled with ice. If the time taken for complete
melting of ice in the sphere of larger radius is 25 minutes

Q.14

Q.15

Q.16

Q.17

Q.18

and that for smaller one is 16 minutes, the ratio of thermal
conductivities of the materials of larger sphere to the
smaller sphere is :

(A) 4:5 (B)25:1

(©)1:25 (D) 8:25

In two experiments with a continuous flow calorimeter
to determine the specific heat capacity of a liquid , an
input power of 60 W produced a rise of 10 K in the
liquid. When the power was doubled, the same
temperature rise was achieved by making the rate of
flow of liquid three times faster. The power lost to the
surrounding in each case was

(A) 20W (B) 30 W

(©) 40W (D) 120W

0.5 mole of an ideal gas at constant temperature 27°C
kept inside a cylinder of length L and cross-section area
A closed by a massless piston. The cylinder is attached
with a conducting rod of length L , cross-section area
(1/9) m? and thermal conductivity k, whose other end is
maintained at 0°C. If piston is moved such that rate of
heat flow through the conducing rod is constant then
velocity of piston when it is at height L/2 from the bottom
of cylinder is : [ neglect any kind of heat loss from

system]|
LI 27°C

(A) (%] m/sec

0°C

L

k
(B) TR m/ sec

[L)m/sec ( K jm/sec
© {Toor D)\ To00r

In an H, gas process , PV2 = constant. The ratio of
work done by gas to change in internal energy is :

(A) 2/3 B) 04

(©)-04 (D) -2/3

The density of steel at 0 °C is 8.0 g/cc. At what
temperature is density lesser by 0.1 %? Co-efficient of
linear expansion of steel is 1073 /°C.

(A) 37.2°C (B) 33.3°C

(C) 55.4°C (D) 40.2°C

A process 1 — 2 using diatomic gas is shown on the
P-V diagram below. P, =2P, =10 N/m?, V, =4V, =04
m? . The molar heat capacity of the gas in this process
will be :

L1 3

\"%
(A) 35R/12 (B) 25R/13
(C)35R/11 (D)22R/7

e
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Q.19

Q.20

Q.21

Q.22

Q.23

Q.24

A thin steel ring of inner diameter 40 cm and cross-
sectional area | mm?, is heated until it easily slides on a
rigid cylinder of diameter 40.05 cm .When the ring cools
down, the tension in the ring will be :

[ Forsteel, a=107/°C,Y =200 GPa]

(A) 1000N (B) S00N

(C) 250N (D) 100N

The power radiated by a black body is P, and it radiates
maximum energy around the wavelength A,. If the
temperature of the black body is now changed so that it
radiates maximum energy around a wavelength 34,/4,
the power radiated by it will increase by a factor of
(A)4/3 B)16/9

(C)64/27 (D) 256/81

For two thermodynamics process temperature and
volume diagram are drawn. In first process, it is a straight
line having initial and final coordinates as (V,, T) and
(2V,, 2T,y), where as in second process it is a rectangular
hyperbola having initial and final coordinates (V, T )
and (2V, Ty/2). Then ratio of work done in the two
processes must be —

T
T A
2T, A
Y — ' Ty/2 C
; v R
Vo 2V, V) 2V, v
(A)1:2 B)2:1

O1:1 (D) None of these

The molar heat capacity C for an ideal gas going through
a given process is given by C = a/T , where 'a' is a
constant. If y= Cp/Cy;, the work done by one mole of
gas during heating from T, to n T, through the given
process will be:

1 (n—l\
(A) glnn (B)alnn—LﬁJRTO

(©) alnn—(y-(A)RT, (D) none of these

The average degree of freedom per molecule for a gas is
6. The gas performs 25 J of work when it expands at
constant pressure. The heat absorbed by the gas is
(A)757] (B)100J

(©) 1507 (D) 1257

In a 10-metre-deep lake, the bottom is at a constant
temperature of 4°C. The air temperature is constant at
-4°C. The thermal conductivity of ice is 3 times that of
water. Neglecting the expansion of water on freezing,
the maximum thickness of ice will be

(A)7.5m (B)6m

(©)5m (D)2.5m

Q.25

Q.26

Q.27

Q.28

Q.29

Q.30

A system S receives heat continuously from an electrical
heater of power 10 W. The temperature of S becomes
constant at 50°C when the surrounding temperature is
20°C. After the heater is switched off, S cools from 35.1°C
to 34.9°C in 1 minute. The heat capacity of S is
(A)1001J/°C (B)300J/°C

(©)7501/°C (D) 15001J/°C

Equal masses of three liquids A, B and C have
temperatures 10°C, 25°C and 40°C respectively. If A and
B are mixed, the mixture has a temperature of 15°C. If B
and C are mixed, the mixture has a temperature of 30°C. If
A and C are mixed, the mixture will have a temperature of
(A)16°C (B)20°C

(©)25°C (D)29°C

If water at 0°C, kept in a container with an open top, is
placed in a large evacuated chamber,

(A) all the water will vaporize
(B) all the water will freeze

(C) part of the water will vaporize and the rest will freeze

(D) ice, water and water vapour will be formed and reach
equilibrium at the triple point

A and B are two points on a uniform metal ring whose
centre is C. The angle ACB = 0. A and B are maintained
at two different constant temperatures. When 0 = 180°,
the rate of total heat flow from A to B is 1.2 W. When
0 =90°, this rate will be

(A)0.6W (B)0OW (O)1.6W (D)1.8W

A body cools in a surrounding which is at a constant
temperature of 0. Assume that it obeys Newton’s law
of cooling. Its temperature 6 is plotted against time t.
Tangents are drawn to the curve at the points P (0 =0,)
and Q(O - 0,). These tangents meet the time axis at angle
of ¢, and ¢, as shown.

0
47 I W
61 0,
t —
tang, _ 6, -0, tang, _ 6, -9,
(A) tan (I)l 92 —60 B) tan (I)l 91 _60
tang; 0 tang; 0O,

© tan ¢, - 0, (D) tan ¢, - 0,

The temperature of an air bubble while rising from bottom
to surface of a lake remains constant but its diameter is
doubled if the pressure on the surface is equal to h
meter of mercury column and relative density of mercury
is p then the depth of lake is

(A)2phm (B)4phm (C)8phm (D)7 phm

=
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Q.31

Q.32

Q.33

Two identical containers A and B have frictionless
pistons. They contain the same volume of a ideal gas at
the same temperature. The mass of the gas in A is m,
and that in B is my. The gas in each cylinder is now
allowed to expand isothermally to double the initial
volume. The changes in the pressure in A and B are
found to be Ap and 1.5 Ap respectively.

(A)4m, =9mg (B)2m, =3mg

(©)3m, =2mg (D)9m, =4mg

Three moles of an ideal monoatomic gas perform a cycle
shown in figure. The gas temperatures in different states
are T, =200K, T, =400K, T;=1600K, and T, = 800K.
The work done by the gas during the cycle is

(Take R=25/3 J/mol-K)

P
A 2 3
1/ // 4
/ ///
e” > T
(A)5kJ (B)25kJ
(C)15KkJ (D)20kJ

The state of an ideal gas is changed through an
isothermal process at temperature T, as shown in figure.
The work done by gas in going from state B to C is
double the work done by gas in going from state A to B.
If the pressure in the state B is P/2 then the pressure of
the gas in state C is—

Q.34

Q.35

Q.36

A copper sphere is suspended in an evacuated chamber
maintained at 300K. The sphere is maintained at a
constant temperature of 500K by heating it electrically.
A total of 300W of electric power is needed to do it.
When half of the surface of the copper sphere is
completely blackened, 600W is needed to maintain the

same temperature of the sphere. Calculate the emissivity

of copper —
(A)e=1/3 (B)e=2/3
©e=12 (D)e=1/6

In the P-V diagram show, the gas does 5J of work in
isothermal process ab and 4J in adiabatic process bc.
What will be the change in internal energy of the gas in

straight path c to a ?

AP
a
b
M C
%
(A)9] B)1J
o©4 (D) 5]

Figure shows three different arrangements of material 1,
2 and 3 to form a wall. Thermal conductivities are

k, >k, > k5. The left side of the wall is 20°C higher than
the right side. Temperature difference AT across the

material 1 has following relation in three cases :

p
A
P, A
2 \.\ n
>V
(A) PO/Z B) PO/4
(@) PO/6 (D) PO/8

11213 11312 31112
a b c
(A) AT, > AT, > AT, (B) AT, =AT, =AT,

(C) AT, =AT, >AT, (D) AT, = AT, <AT,

5
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NOTE : The answer to each question isa NUMERICAL VALUE.

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

QS8

A diatomic gas is heated at constant volume until the
pressure is doubled and again heated at constant
pressure until volume is doubled. The average molar
heat capacity for whole process is 19R/A. Find the value
of A

There are two thin spheres A and B of the same material
and same thickness. They emit like black bodies. Radius
of Aiis double that of B. A and B have same temperature
T. When A and B are kept in a room of temperature T (<
T), the ratio of their rates of cooling (rate of fall of
temperature) is 1 : a. Find the value of a.

[assume negligible heat exchange between A and B]

A gas is suddenly expanded such that its final volume
becomes 3 times its initial volume. If the specific heat at
constant volume of the gas is 2R, then find approximately
the ratio of initial to final pressure.

In a process the density of a gas remains constant. If the
temperature is doubled, then new pressure becomes x
time initial pressure. Find the value of x.

The narrow tube with one of its ends scaled as shown in
the figure, is in a vertical plane. In the 3L long horizontal
part of the tube a mercury column of length L blocks
some oxygen gas of length L. The outside air-pressure
of p, equals with the pressure of a mercury column of
height L. Increasing the temperature of the surround-
ing, the volume of the blocked gas doubles while the
gas absorbs Q = 7J of heat from its surroundings. How
much work (in joule) is done by the expanding gas ?

If hydrogen were monoatomic, what temperature would
the average translational kinetic energy be equal to the
energy required to raise a hydrogen atom from the
ground state to the n =2 excited state ? (Rhc =14 eV, k=
1 x 10723 J/K) k is Boltzmann’s constant. The answer is
xx 103 K. Find x.

Two vessels A and B, thermally insulated, contain an
ideal monoatomic gas. A small tube fitted with a valve
connects these vessels. Initially the vessel A has 2 litres
of gas at 300 K and 2 x 10° N/m? pressure while vessel B
has 4 litres of gas at 350 K and 4 x 10° N/m? pressure.
The valve is now opened and the system reaches
equilibrium in pressure and temperature. Calculate new
temperature (in K) upto 3 significant figures.

A resistance coil, wired to an external battery is placed
inside a thermally insulated cylinder fitted with a
frictionless piston and containing an ideal gas. A current
I=240 mA flows through the coil, which has resistance
R =490Q2. At what constant speed v (in cm/s) must the
piston of mass m = 12kg move upward in order that the
temperature of the gas remains unchanged ? [Assume
that 50% energy is utilized to do work by the gas, and
neglect the work done by atmospheric pressure.]

Q.9

Q.10

Q.11

Q.12

A%

R Gas l

0.5 mole of an ideal gas is kept inside an adiabatic cylinder
of length L and cross-sectional area A closed by
massless adiabatic piston. The cylinder is attached with

a conducting rod of length L, cross-section area 900 m?

and thermal conductivity 415.5 W/m-K, whose other end
is maintained at 0°C. The piston is moved such that the
temperature of the gas remains constant at 27°C. Find
the velocity (in mm/sec) of piston when it is at height L/
2 from the bottom of cylinder. Rod is well lagged and has
negligible heat capacity. R =8.31 J/mol-K.

Z

Te—1L—

A heat engine uses an ideal gas (y = 1.40) that undergoes
the reversible cycle shown in figure. Obtain the
thermodynamic percentage efficiency of the engine.

P

Y

10,

1 4
PO

1

Vo 10V,

A flask of volume 2 liter, containing a piece of iron, vol-
ume 1 dm3, is filled to the brim with water. How much
water will overflow in mm?3 if the temperature is raised
from 10°C to 60°C ? (The coefficient of linear expansion
ofiron is 12 x 1076/°C, that of glass 8 x 1076/°C and the
coefficient of volume expansion of water is

1.8 x 1074/°C)

We want to cool down 15 litre of 80°C water to 20°C by
putting 0°C ice into it. What minimum volume (in litres)
should the vessel have to prevent the water from over-
flowing at the rim ?

(Latent heat of fusion of ice is 80 cal/g)

=
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EXERCISE -4 [PREVIOUS YEARS AIEEE / JEE MAIN QUESTIONS]

Q.1

Q.2

Q3

Q4

Q5

Q.6

Q.7

Q8

Q.9

Q.10

Q.11

Heat given to a body which raises its temperature by

1°Cis— [AIEEE-2002]
(A) Water equivalent (B) Thermal capacity
(C) Specific heat (D) Temperature gradient

If mass-energy equivalence is taken into account, when

water is cooled to form ice, the mass of water should
[AIEEE-2002]

(A) Increase

(B) Remain unchanged

(C) Decrease

(D) First increase then decrease

Which of the following is more close to a black body ?

[AIEEE-2002]
(A) Black board paint (B) Green leaves
(C) Black holes (D) Red roses
Infrared radiation is detected by— [AIEEE-2002]
(A) Spectrometer (B) Pyrometer
(C) Nanometer (D) Photometer

Two spheres of the same material have radii Im and 4m
and temperatures 4000 K and 2000 K respectively. The
ratio of the energy radiated per second by the first sphere

to that by the second is [AIEEE-2002]
A)1:1 B)16:1
©4:1 D)1:9

Cooking gas containers are kept in a lorry moving with
uniform speed. The temperature of the gas molecules
inside will [AIEEE-2002]
(A) increase

(B) decrease

(C) remain same

(D) decrease for some, while increase for others

At what temperature is the r.m.s. velocity of a hydrogen
molecule equal to that of an oxygen molecule at 47° C?
(A)80K (B)-73K [AIEEE-2002]
©)3K (D)20K

1 mole ofa gas with y = 7/5 is mixed with 1 mole of a gas
with y=5/3 , then the value of y for the resulting mixture

is— [AIEEE-2002]
(A)7/5 B)2/5

(©)24/16 (D) 12/7

Even Carnot engine cannot give 100% efficiency because
we cannot — [AIEEE-2002]
(A) prevent radiation

(B) find ideal sources

(C) reach absolute zero temperature

(D) eliminate friction

Which statement is incorrect ? [AIEEE-2002]

(A) all reversible cycles have same efficiency.

(B) reversible cycle has more efficiency than an
irreversible one.

(C) Carnot cycle is a reversible one.

(D) Carnot cycle has the maximum efficiency in all cycles.

“Heat cannot by itself flow from a body at lower

temperature to a body at higher temperature” is a

statement or consequence of [AIEEE-2003]

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

(A) second law of thermodynamics

(B) conservation of momentum

(C) conservation of mass

(D) first law of thermodynamics

Which of the following parameters does not characterize

the thermodynamic state of matter? [AIEEE-2003]

(A) temperature (B) Pressure

(C) Work (D) Volume

A Carnot engine takes 3 x 109 cal. of heat from a reservoir

at 627°C, and gives it to a sink at 27°C. The work done

by the engine is — [AIEEE-2003]

(A)4.2x100] (B)8.4x100]

(C)16.8x 100 (D) Zero

Which of the following statements is correct for any

thermodynamic system? [AIEEE-2003]

(A) The internal energy changes in all processes.

(B) Internal energy and entropy are state functions.

(C) The change in entropy can never be zero.

(D) The work done in an adiabatic process is always
ZEero.

During an adiabatic process, the pressure of a gas is

found to be proportional to the cube of its absolute

temperature. The ratio C,/Cy, for the gas is [AIEEE-2003]

(A)4/3 B)2

(C)5/3 (D)3/2

The earth radiates in the infra-red region of the spectrum.

The spectrum is correctly given by —  [AIEEE-2003]

(A) Planck’s law of radiation (B) Stefan’s law of radiation

(C) Wien’s law (D) Rayleigh Jeans law

According to Newton’s law of cooling, the rate of cooling

of a body is proportional to (AB)", where A is the

difference of the temperature of the body and the

surroundings, and n is equal to — [AIEEE-2003]

(A) Three (B) Four

(C)One (D) Two

The temperature of the two outer surfaces of a composite

slab, consisting of two materials having coefficients of

thermal conductivity K and 2K and thickness x and 4x,

respectively, are T, and Ty (T, > T ;). The rate of heat

transfer through the slab, in a steady state is

A(T, -T) K
(Mj f, with fequalto—  [AIEEE-2004]
X «—X> 4X—>
T,| K 2K T,
(A)1 (B)1/2
(©)2/3 (D) 1/3

If the temperature of the sun were to increase from T to
2T and its radius from R to 2R, then the ratio of the
radiant energy received on earth to what it was

previously will be— [AIEEE-2004]
(A)4 (B)16
©)32 (D) 64

e
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Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.26

A radiation of energy E falls normally on a perfectly Q.27 The figure shows a system of two concentric spheres of

reflecting surface. The momentum transferred to the

surface is — [AIEEE-2004]
(A)E/c (B)2E/c
(C)Ec (D) E/c?

One mole of ideal monoatomic gas (y = 5/3) is mixed with
one mole of diatomic gas (y =7/ 5). What is y for the
mixture? y denotes the ratio of specific heat at constant
pressure, to that at constant volume. [AIEEE-2004]
(A)3/2 (B)23/15

(C)35/23 (D)4/3

Two thermally insulated vessels 1 and 2 are filled with
air at temperature (T, T,), volume (V, V,) & pressure
(P, P,) respectively. If the valve joining the two vessels
is opened, the temperature inside the vessel at equilibrium

will be — [AIEEE-2004]
(A)T,+T, (B) (T, +T,)2
TT,(P Vi +PV,) TT,(P Vi +PV,)

PViT, + P,V T PV|Ty +P,V, T,

Which of the following is incorrect regarding the first
law of thermodynamics? [AIEEE-2005]
(A) It is not applicable to any cyclic process.

(B) It is a restatement of the principle of conservation of

energy.

(C) It introduces the concept of the internal energy.
(D) It introduces the concept of the entropy.

The temperature-entropy diagram of a reversible engine
cycle is given in the figure. Its efficiency is [AIEEE-2005]

T

7'y

2T,
To «

S, 25 S

(A) 172 (B) 1/4

©) 173 (D)2/3

A system goes from A to B via two processes I and II as
shown in the figure. If AU, and AU, are the changes in
internal energies in the processes I and II respectively,

the [AIEEE-2005]
(A)AU, =AU,
(B) relation between AU, and AU, can not be determined
(©) AU, > AU,
(D) AU, <AU,

A gaseous mixture consists of 16 g of helium and 16 g of
oxygen. The ratio Cp/CV of the mixture is —[AIEEE-2005]
(A)1.59 (B)1.62
©)14 (D)1.54

Q.28

Q.29

Q.30

Q.31

Q.32

radii ry and r, and kept at temperatures T; and T,
respectively. The radial rate of flow of heat in a substance
between the two concentric spheres is proportional to

[AIEEE-2005]
(A) (ry —1)/(115) (B) In (ry/r))
nh
© (ty —1) (D) (rz —1‘1)

Assuming the Sun to be a spherical body of radius R at
a temperature of T K, evaluate the total radiant power,
incident on Earth, at a distance r from the Sun —
[AIEEE-2006]
(A) 1 ’R2cT4/4mr? (B) RZcT12
(C) 4nry’R%cT4r? (D) nr R T4
where r is the radius of the Earth and o is Stefan's
constant.
Two rigid boxes containing different ideal gases are
placed on a table. Box A contains one mole of nitrogen
at temperature T, while Box B contains one mole of
helium at temperature (7/3) T ;. The boxes are then put
into thermal contact with each other and heat flows
between them until the gases reach a common final
temperature. (Ignore the heat capacity of boxes). Then,
the final temperature of the gases, Ty, in terms of T, is

[AIEEE-2006]
5 3

(A) Tg =§To ®)T¢ =7T0
7 3

©) T = gTo D) Ty = ETo

The work of 146 kJ is performed in order to compress
one kilo mole of gas adiabatically and in this process the
temperature of the gas increases by 7°C. The gas is
(R=8.3Jmol ' K1) [AIEEE-2006]
(A) monoatomic (B) diatomic
(C)triatomic (D) a mixture of monoatomic and diatomic
When a system is taken from state i to state f along the
path iaf; it is found that Q = 50 cal and W = 20 cal. Along
the path ibf Q =36 cal. W along the path ibfis —

a f

s

b
(A) 16cal. (B) 66 cal. [AIEEE-2007]
(C) 14cal. (D)6 cal.

A Carnot engine, having an efficiency of n = 1/10 as
heat engine, is used as a refrigerator. If the work done
on the system is 10J, the amount of energy absorbed
from the reservoir at lower temperature is| AIEEE-2007]
(A)90J B

(C)1001 (D)991
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Q.33

Q.34

Q.35

Q.36

Q.37

If Cp and C,, denote the specific heats of nitrogen per
unit mass at constant pressure and constant volume

respectively, then [AIEEE-2007]

(A) Cp7CV:R/28 (B) Cpf C,=R/14

(C)CP7CV:R (D)Cp7CV:28R

One end of a thermally insulated rod is kept at a
temperature T and the other at T,. The rod is composed
of two sections of lengths /; and /, and thermal
conductivities k; and k, respectively. The temperature
at the interface of the two sections is  [AIEEE-2007]

Tl 11 12 Tz

LI I
k, k,
(A) Ky I, Ty +ky 1 Ty) /(K1 +Kky 1)
B)(ky I Ty +ky I, Ty /(kyl+k 1)
O K I, Ty +ky [Ty (k1 +ky 1))
D)k Iy Ty +kyl,Ty)/(kyl)+kyly)
An insulated container of gas has two chambers
separated by an insulating partition. One of the chambers
has volume V| and contains ideal gas at pressure P,
and temperature T . The other chamber has volume V,
and contains ideal gas at pressure P, and temperature
T,. If the partition is removed without doing any work

on the gas, the final equilibrium temperature of the gas
in the container will be— [AIEEE-2008]

PVITy + PV, T,
Pl Vl + P2 V2

PVIT, +P,V, T;

(A) PV, +P,V,

LT,V +P V)
P1V1T2 + P2V2T1

LT,V +P V)
PIVITI + P2V2T2

One kg of a diatomic gas is at a pressure of 8 x 10* N/m?.
The density of the gas is 4 kg/m3. What is the energy of

the gas due to its thermal motion? [AIEEE-2009]
(A)7x10%J (B)3x10%J
(C)5x10*] (D)6 x104J

A long metallic bar is carrying heat from one of its ends
of the other end under steady-state. The variation of
temperature 0 along the length x of the bar from its hot
end is best described by which of the following figures?

[AIEEE 2009]
0 0
(A) (B)
X X
0 0
© D)
X X

For Q.38-Q.40

Q.38

Q.39

Q.40

Q.41

Q.42

Q.43

Q.44

Two moles of helium gas are taken over the cycle

ABCDA, as shown in the P-T diagram. [AIEEE 2009]
P(Pa)
2x10° A > B
N b
1x10° 5 <
+ t » T
300K 500K

Assuming the gas to be ideal the work done on the gas
in taking it from A to B is —

(A)S00R (B)200R

(C)300R (D)400R

The work done on the gas in taking it from D to A is —
(A)+690R (B)—414R

(C)+414R (4)—-690R

The net work done on the gas in the cycle ABCDA is —
(A)1904R (B) Zero
(C)276R (D)1076 R

A diatomic ideal gas is used in a Car engine as the working
substance. If during the adiabatic expansion part of the
cycle, volume of the gas increases from V to 32V the

efficiency of the engine is — [AIEEE 2010]
(A)0.5 B)0.75
(©)0.99 (D)0.25

100g of water is heated from30°C to 50°C ignoring the

slight expansion of the water, the change in its internal

energy is (specific heat of water is 4184 J/Kg/K) :
[AIEEE 2011]

(A)4.2kJ (B)8.4KkJ

(C)84kJ (D)2.1kJ

A Carnot engine operating between temperatures T and

T, has effeiciency 1/6. When T, is lowered by 62 K, its

efficiency increases to 1/3.Then T| & T, are, respectively

[AIEEE 2011]
(A)372K and 310K (B)372K and 330K
(C)330K and 268K (D)310K and 248 K

Three perfect gases at absolute temperature T,T, and
T, are mixed. The masses of molecules are m;,m, and
m; and the number of molecules are nj, n, and n,
respectively. Assuming no loss of energy, the final
temperature of the mixture is : [AIEEE 2011]

anl + H2T2 + H3T3

(+T,+Ty)

=

(B)

n1+n2 +1’13

n12T12 + n%Tz2 + n%T32
Il]T] +n2T2 + H3T3

1’11T12 + n2T22 + 1’13T32
anl + n2T2 + Il3T3

©

¢
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Q.45 A thermally insulated vessel contains an ideal gas of

Q.46

Q.47

Q.48

Q.49

molecular mass M and ratio of specific heats y. It is
moving with speed v and is suddenly brought to rest.
Assuming no heat is lost to the surroundings, its

temperature increases by — [AIEEE 2011]
-1 -
@) 0D 2k ® 0 =D 2k
2(y+DR 2yR
2
y Mv? (y-D)Mv
C D) ——K
© (D) R

Hehum gas goes through a cycle ABCDA (consisting of
two isochoric and isobaric lines) as shown in figure.
Efficiency of this cycle is nearly (Assume the gas to be

close to ideal gas) s - [AIEEE 2012]
2P, 7
4+ Y
Pol----- A D
\I/o ZIVO
(A) 15.4% (B)9.1%
(0)10.5% (D) 12. 5% _

A wooden wheel of radius R is
made of two semicircular parts
(see figure). The two parts are

held together by a ring made U
of a metal strip of cross B -

sectional area S and length L. L is shghtly less than 27R.
To fit the ring on the wheel, it is heated so that its
temperature rises by AT and it just steps over the wheel.
As it cools down to surrounding temperature, it presses
the semicircular parts together. If the coefficient of linear
expansion of the metal is o, and its Young's modulus is
Y, the force that one part of the wheel applies on the

other part is [AIEEE 2012]
(A)2nSYaAT (B)SYoAT
(C)nSYoAT (D)2SYoAT

Aliquid in a beaker has temperature O (t) at time tand 0,
is temperature of surroundings, then according to
Newton's law of cooling the correct graph between

log (0 — 0,) and t is — [AIEEE 2012]
@1 @)1
O—T —t
—t
© (D)}
0 —>t 0 —t

A Carnot engine, whose efficiency is 40%, takes in heat
from a sourcemaintained at a temperature of S00K. It is

desired to have an engine of efficiency 60%. Then, the
intake temperature for the same exhaust (sink) tempera-

ture must be : [AIEEE 2012]
(A) efficiency of carnot engine cannot be made larger
than 50% (B)1200K
(C)750K (D)600K

Q.50 The p-v diagram represents the thermodynamic cycle of

Q.51

Q.52

an engine, operating with an ideal monoatomic gas. The
amount of heat, extracted from the source in a single cycle

is — [JEE MAIN 2013]
p
2po
/
Po
\
Vo 2V0
(A) poVo (B) (13/2) pyv,
(©) (11/2) pyv, (D)4 pyv,

If a piece of metal is heated to temperature 0 and then
allowed to cool in a room which is at temperature 0, the
graph between the temperature T of the metal and time t

will be closest to — [JEE MAIN 2013]
T
(A) ® T
o t—s 0 t—>
: \ T L
© " @ O
- ‘— 0 t—>

One mole of diatomic ideal gas undergoes a cyclic
process ABC as shown in figure. The process BC is
adiabatic. The temperatures at A, B and C are 400 K,
800K and 600 K respectively. Choose the correct
statement: P [JEE MAIN 2014]

\'%

(A) The change in internal energy in the process AB is
—350R.

(B) The change in internal energy in the process BC is
—500R.

(C) The change in internal energy in whole cyclic
process is 250 R.

(D) The change in internal energy in the process CA is
700R.

e
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Q.53

Q.54

Q.55

Q.56

Q.57

Three rods of Copper, Brass and Steel are welded together
to from a Y-shaped structure. Area of cross-section of

2 End of copper rod is maintained at
100°C where as ends of brass and steel are kept at 0°C.
Lengths of the copper, brass and steel rods are 46, 13
and 12 cms respectively. The rods are thermally insulated
from surroundings except at ends. Thermal conductivities
of copper, brass and steel are 0.92, 0.26 and 0.12 CGS
units respectively. Rate of heat flow through copper rod

is: [JEE MAIN 2014]
(A)4.8 cal/s (B) 6.0 cal/s
(C)1.2cal/s (D) 2.4 cal/s

Consider a spherical shell of radius R at temperature T.
The black body radiation inside it can be considered as
an ideal gas of photons with internal energy per unit

&)
3V . If the

shell now undergoes an adiabatic expansion the relation

U 4
volume u = v= T" and pressure P =

between T and R is — [JEE MAIN 2015]
(A)T ce3R (B)T < I/R
(C) T 1/R3 (D)TceR

Consider an ideal gas confined in an isolated closed
chamber. As the gas undergoes an adiabatic expansion,
the average time of collision between molecules
increases as V9, where V is the volume of the gas. The

value of qis (y= Cp/CV) [JEE MAIN 2015]
3y-5 y+1

A) — B) —

*) = ®)
y-1 3y+5

C) — D) ——

© (D) =

A solid body of constant heat capacity 1 J/°C is being
heated by keeping it in contact with reservoirs in two
ways [JEE MAIN 2015]
(1) Sequentially keeping in contact with 2 reservoirs
such that each reservoir supplies same amount of
heat.

Sequentially keeping in contact with 8 reservoirs
such that each reservoir supplies same amount of
heat.

In both the cases body is brought from initial temperature
100°C to final temperature 200°C. Entropy change of the
body in the two cases respectively is

(A)In2,In2 (B)In2,2In2
(O)2In2,8In2 (D)In2,4In2

‘n’ mole of an ideal gas undergoes a process A — B as
shown in the figure. The maximum temperature of the

(i)

gas during the process will be : [JEE MAIN 2016]
P
3POV0 9POV0 4
A B A
(A) 2nR (B) 2nR 2P
9P,V oPyV, B
© > v
nR 4nR Vo 2V

Q.58

Q.59

Q.60

Q.61

Q.62

Q.63

A pendulum clock loses 12s a day if the temperature is
40°C and gains 4 s a day if the temperature is 20°C. The
temperature at which the clock will show correct time,
and the co-efficient of linear expansion (o) of the metal
of the pendulum shaft are respectively:

(A)60°C; o=1.85x 104 /°C [JEE MAIN 2016]
(B)30°C; a=1.85x1073/°C
(C)55°C;a=1.85x1072/°C

(D) 25°C; 0.=1.85x 1073 /°C

An ideal gas undergoes a quasi static, reversible process
in which its molar heat capacity C remains constant. If
during this process the relation of pressure P and volume
V is given by PV™ = constant, then n is given by (Here
Cp and Cy,; are molar specific heat at constant pressure
and constant volume, respectively): [JEE MAIN 2016]

0 S G Lo GecC

n= =

(A = ®n=cc
- C

© n="oov D)yn=—F
C—Cp Cy

C, and C, are specific heats at constant pressure and
constant volume respectively. It is observed that

Cp -C,=afor hydrogen gas

C,—C,=b for nitrogen gas

The correct relation between a and b is:

[JEE MAIN 2017]
(A)a=b (B)a=14b
(C)a=28b (D)a=(1/14)b

A copper ball of mass 100 gm is at a temperature T. It is
dropped in a copper calorimeter of mass 100gm, filled
with 170 gm of water at room temperature. Subsequently,
the temperature of the system is found to be 75°C. T is
given by: (Given : Room temperature = 30°C, specific

heat of copper = 0.1 cal/gm°C) [JEE MAIN 2017]
(A)885°C (B)1250°C
(©)825°C (D)800°C

An external pressure P is applied on a cube at 0°C so
that it is equally compressed from all sides. K is the bulk
modulus of the material of the cube and o is its coefficient
of linear expansion. Suppose we want to bring the cube
to its original size by heating. The temperature should

be raised by: [JEE MAIN 2017]
NP 5 3
- B) px
C)3PK D L
(C)3PKa D) 3¢

The temperature of an open room of volume 30m3
increases from 17°C to 27°C due to the sunshine. The
atmospheric pressure in the room remains 1 x 103 Pa . If
n; and nyare the number of molecules in the room before
and after heating, then n—n; will be [JEE MAIN 2017]
(A)1.38x 1023 (B)2.5x10%
(C)—2.5x10% (D)—1.61 x 1023

[#
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Q.64

Q.65

Q.66

Q.67

Q.68

Q.69

The mass of a hydrogen molecule is

3.32 x 10727 kg. If 1023 hydrogen molecules strike, per
second, a fixed wall of area 2 cm? at an angle of 45° to the
normal, and rebound elastically with a speed of 103 m/s,
then the pressure on the wall is nearly[JEE MAIN 2018]
(A)2.35 x 102N /m? (B)4.70 x 102N /m?
(C)2.35x 103N /m? (D)4.70 x 103N /m?

Two moles of an ideal monoatomic gas occupies a
volume V at 27°C. The gas expands adiabatically to a
volume 2V. Calculate (a) the final temperature of the gas
and (b) change in its internal energy.[JEE MAIN 2018]
(A)(a) 189K (b)—2.7kJ (B)(a) 195K (b)2.7kJ
(C)(2) 189K (b)2.7kJ (D)(a) 195K (b)-2.7kJ
A gas can be taken from A to B via p
two different processes ACB and
ADB. When path ACB is used 60 J
of heat flows into the system and
30 J of work is done by the system.
If path ADB is used work done by the system is 10J. The
heat flow into the system in path ADB is

[JEE MAIN 2019 (JAN)]
(A)80J (B)207
(©)100J (D)407J

A mixture of 2 moles of helium gas (atomic mass =4 u),
and 1 mole of argon gas (atomic mass = 40u) is kept at
300 K in a container. The ratio of their rms speeds

Vims (helium)
{m} , is close to [JEE MAIN 2019 (JAN)]
(A)2.24 (B)0.45
(©)0.32 (D)3.16

Temperature difference of 120°C is maintained between
two ends of a uniform rod AB of length 2L. Another bent
rod PQ, of same cross-section as AB and length 3L/2 , is
connected across AB (See figure). In steady state,
temperature difference between P and Q will be close to

[JEE MAIN 2019 (JAN)]

(A)60°C > (B)75°C
(©)35°C (D)45°C
Two identical breakers A and B contain equal volumes
of two different liquids at 60°C each and left to cool
down. Liquid in A has density of 8 x 102 kg/m> and
specific heat of 2000 J kg~! K1 while liquid in B has
density of 103 kg m™3 and specific heat of 4000 J kg
K~!. Which of the following best describes their
temperature versus time graph schematically? (Assume
the emissivity of both the beakers to be the same)
[JEE MAIN 2019 (APRIL)]

Q.70

Q.71

Q.72

Q.73

Q.74

60°C}

©

A thermally insulated vessel contains 150g of water at
0°C. Then the air from the vessel is pumped out
adiabatically. A fraction of water turns into ice and the
rest evaporates at 0°C itself. The mass of evaporated
water will be closest to

(Latent heat of vaporization of water =2.10 x 106 J kg !
and Latent heat of Fusion of water = 3.36 x 10° I kg™1)

[JEE MAIN 2019 (APRIL))
(A)130g (B)35¢
(C)20g (D) 150 ¢

If 1022 gas molecules each of mass 102 kg collide with
a surface (perpendicular to it) elastically per second over
an area 1 m? with a speed 10 m/s, the pressure exerted
by the gas molecules will be of the order of :

[JEE MAIN 2019 (APRIL)]
(A) 8 N/m? (B) 4 N/m?
(C) 2 N/m? (D) 16 N/m?
The given diagram shows four processes i.e., isochoric,
isobaric, isothermal and adiabatic. The correct
assignment of the processes, in the same order is given

by : [JEE MAIN 2019 (APRIL)]
! a
b
d (Y
V—>
(A)dach (B)adchb
(©)adbe (D)dabec
G
Three moles of ideal gas A with c. 3 is mixed with
v
G s S
. . p _
two moles of another ideal gas B with c =3 The C
v
of mixture is (Assuming temperature is gonstant)
[JEE MAIN 2020 (JAN)]
(A)15 (B)1.42
O 17 D)1.3

1 litre of a gas at STP is expanded adiabatically to 3 litre.
Find work done by the gas. Giveny=1.40 and 31=4.65

[Take air to be an ideal gas] [JEE MAIN 2020 (JAN)]
(A)100.87 (B)90.5J
(©)45] (D)18J
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Q.75 A Carnot's engine operates between two reservoirs of
temperature 900K and 300K. The engine performs 1200 J t t
of work per cycle. The heat energy delivered by the A / B /
engine to the low temperature reservoir in a cycle is: (A) (B)
T /T

Q.76

Q.77

Q.78

Q.79

Q.80

[JEE MAIN 2020 (JAN)]

A non-isotropic solid metal cube has coefficients of
linear expansion as 5 x 1073 /°C along the x-axis and

5 x 107 /°C along y-axis and z-axis. If coefficient of
volume expansion of the solid is C x 107 /°C then the
value of C is [JEE MAIN 2020 (JAN)]

Under an adiabatic process, the volume of an ideal gas
gets doubled. Consequently the mean collision time
between the gas molecule changes from 1, to 1, . If

C
—2 —+ for this gas then a good estimate for T,/ Ty is
v

given by : [JEE MAIN 2020 (JAN)]
(A) 172 B)2

I +
©l(3) o ()5

Two ideal Carnot engines operate in cascade (all heat
given up by one engine is used by the other engine to
produce work) between temperatures, T and T,. The
temperature of the hot reservoir of the first engine is T
and the temperature of the cold reservoir of the second
engine is T,. T is temperature of the sink of first engine
which is also the source for the second engine. How is T
related to T and T,, if both the engines perform equal

amount of work [JEE MAIN 2020 (JAN)]
2T T, T, +T,

(A) Tl + T2 B) T

©0 (D) YT T,

When m gram of steam at 100°C is mixed with 200 gm of
ice at 0°C. it results in water at 40°C. Find the value of m
in gram. (Given : Latent heat of fusion (L) = 80 cal/gm,
Latent heat of vaporisation (L,) = 540 cal/gm., specific
heat of water (C,) = 1 cal/gm/°C)

[JEE MAIN 2020 (JAN)]

The plot that depicts the behavior of the mean free time
t (time between two successive collisions) for the
molecules of an ideal gas, as a function of temperature
(T), qualitatively, is: (Graphs are schematic and not drawn
to scale) [JEE MAIN 2020 (JAN)]

Q.81

Q.82

Q.83

t /
D)
1T

A thermodynamic cycle xyzx is shown ona V-T diagram.

The P-V diagram that best describes this cycle is :
(Diagrams are schematic and not to scale)

[JEE MAIN 2020 (JAN)]

P X P X
(A) ‘Zhy B) y&z
\Y% v
P P
X yA x y
© Qy (D) G
Vv A%

A carnot engine having an efficiency of (1/10) is being

used as a refrigerator. If the work done on the refrigerator
is 10 J, the amount of heat absorbed from the reservoir at

lower temperature is : [JEE MAIN 2020 (JAN)]
(A)991] B)1007J
(©)90J D)1J

Consider a mixture of n moles of helium gas and 2n moles
of oxygen gas (molecules taken to be rigid) as an ideal
gas. Its Cp /C, value willbe : [JEE MAIN 2020 (JAN)]

(A) 67/45 (B)19/13
(©)23/15 (D)40/27

£
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EXERCISE -5 (PREVIOUS YEARS AIPMT/NEET EXAM QUESTIONS)

Q.1

Q2

Q3

Q4

Q5

Q.6

Q.7

Q.1

PART-A (THERMAL EXPANSI

AND
CALORIMETRY)

Which of the following circular rods (given radius r and
length /), each made of the same material and whose
ends are maintained at the same temperature will conduct
most heat — [AIPMT 2005]
(Ar=ry, L=1, (B)r=2ry, (=1,
(O)yr=ry, (=21, (D)r=2ry, (=21,

On anew scale of temperature (which is linear) and called
the W scale, the freezing and boiling points of water are
39°W and 239°W respectively. What will be the
temperature on the new scale, corresponding to a
temperature of 39°C on the Celsius scale [AIPMT 2008]
(A)139°W (B)78°W

O 117°W (D)200°W

Steam at 100°C is passed into 20 g of water at 10°C.
When water acquires a temperature of 80°C, the mass of
water present will be —[ Take specific heat of water

= Icalg~'°C! and latent heat of steam = 540 cal g 1]
(A)24¢g (B)31.5g [AIPMT 2014]
(©O)425¢g (D)225¢g

The value of coefficient of volume expansion of glycerin
is 5 x 10~ K~1. The fractional change in the density of
glycerin for a rise 0of 40°C in its temperature, is —

[RE-ATPMT 2015]
(A)0.010 (B)0.015
(C)0.020 (D)0.025

Coefficient of linear expansion of brass and steel rods
are o) and a,. Lengths of brass and steel rods are /;
and /, respectively. If (£, — ¢) is maintained same at all
temperatures, which one of the following relations holds
good? [NEET 2016 PHASE 1]
(A) ayly = oyl (B) o ,% = ayt

©) a2ty = 0y, (D) o) = oyl

A piece of ice falls from a height h so that it melts
completely. Only one-quarter of the heat produced is
absorbed by the ice and all energy of ice gets converted
into heat during its fall. The value of h is [Latent heat of
iceis 3.4 x 10° J/kgand g =10 N/kg]

[NEET 2016 PHASE 1]
(A)34km (B) 544km
(C)136km (D)68km

A copper rod of 88 cm and an aluminium rod of unknown
length have their increase in length independent of
increase in temperature. The length of aluminium rod is
(0, =1.7x 10K Tand oy, =2.2 x 109K )
(A)6.8cm (B)113.9cm [NEET 2019]
(C)88cm (D)68 cm

PART-B (KINETIC THEORY OF GASE

In the given (V —T) diagram,what is the relation between
pressure P, and P, ? [NEET2013]

Q.2

Q3

Q4

Q5

Q.6

Q.7

QS8

\%
P.
7 b,
0y

0
T

(A) Cannot be predicted (B)P,=P,
(C)P,>P, (D)P,<P,
The molar specific heats of an ideal gas at constant
pressure and volume are denoted by Cp and Cy,

. C . .
respectively. If y =C—P and R is the universal gas
\%

constant, then Cy, is equal to — INEET 2013]

R -1
© Gy O

The mean free path of molecules of a gas, (radius r) is

I+y
(WYR - (B) T,

inversely proportional to — [AIPMT 2014]
(A (B)r ©Or (D) Vr

C
The ratio of the specific heats —= =y in terms of
degrees of freedom (f) is given by: ¥ [AIPMT 2015]

Wl (3 0l ol

Two vessels separately contain two ideal gases A and B
at the same temperature, the pressure of A being twice
that of B. Under such conditions, the density of A is
found to be 1.5 times the density of B. The ratio of
molecular weight of Aand B is : [RE-AIPMT 2015]
(A)1/2 B)2/3
(©)3/4 (D)2
4.0 g of a gas occupies 22.4 litres at NTP. The specific
heat capacity of the gas at constant volume is 5.0 JK !
mol~! . Ifthe speed of sound in this gas at NTP is 952m/
s, then the heat capacity at constant pressure is
(Take gas constant R = 8.3 JK~! mol 1)
[RE-AIPMT 2015]

(A) 8.5 JK ! mol! (B) 8.0 JK ! mol!
(C) 7.5 JK ! mol! (D) 7.0 JK~! mol™!
The molecules of a given mass of a gas have r.m.s.
velocity of 200 ms ! at 27°C and 1.0 x 105 Nm2 pressure.
When the temperature and pressure of the gas are
respectively, 127°C and 0.05 x 105 Nm2, the r.m.s.
velocity of its molecules in ms™! is

[NEET 2016 PHASE 1]

(A) 10082 (B) 400/+/3 (C)100v2/3 (D)100/3

A given sample of an ideal gas occupies a volume V ata
pressure P and absolute temperature T. The mass of
each molecule of the gas is m. Which of the following

gives the density of the gas? [NEET 2016 PHASE 2]
(A)PKT (B) P/kT
(C)PKTV (D) mkT

T
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Q.9

Q.10

Q.11

Q.1

Q2

Q3

Q4

A gas mixture consists of 2 moles of O, and 4 moles of Q.5

Ar at temperature T. Neglecting all vibrational modes,
the total internal energy of the system is [NEET 2017]
(A)ISRT (B)9RT
(O 11IRT (D)4RT
At what temperature will the rms speed of oxygen
molecules become just sufficient for escaping from the
Earth's atmosphere? (Given :Mass of oxygen molecule
(m)=2.76 x 10726 kg. Boltzmann's constant
kg=138x1023JK 1) [NEET 2018]
(A)5.016 x 10*°K (B)8.360 x 10°K
(C)2.508 x 10*K (D) 1.254 x 10*K
Increase in temperature of a gas filled in a container
would lead to : [INEET 2019]
(A) Increase in its mass.
(B) Increase in its kinetic energy.
(C) Decrease in its pressure.
(D) Decrease in intermolecular distance.

PART- C (THERMODYNAMI
When 1 kg of ice at 0°C melts to water at 0° C, the
resulting change in its entropy, taking latent heat of ice

to be 80 cal/°Cis — [ATPMT (PRE) 2011]
(A)293 cal/K (B)273 cal/K
(C) 8 x 10*cal/K (D) 80 cal/K

Liquid oxygen at 50K is heated to 300 K at constant
pressure of 1 atm. The rate of heating is constant. Which
one of the following graphs represents the variation of
temperature with time [AIPMT (PRE)

2012]
(A)L (B) V V (D)

Time

Temp
Temp.
Temp.

©

Temp

A thermodynamic system
is taken through the cycle
ABCD as shown in figure.
Heat rejected by the gas
during the cycle is

(A) 2PV (BY4PVIAIPMT(PRE) 2012]
© 12)pv (D) 4PV

One mole of an ideal gas goes from an initial state A to
final state B via two processes : It first undergoes
isothermal expansion from volume V to 3V and then its
volume is reduced from 3V to V at constant pressure.
The correct P-V diagram representing the two processes

V Volume— 3V

is: [AIPMT (PRE) 2012]
1 N
@ |’ B) | »
| V—\; kY%
r e !
© | =@ (D)
R | -

Q.6

Q.7

Q8

Q.9

Q.10

Q.11

An ideal gas goes from state A to state B via three
different processes as indicated in the P-V diagram. If
Q,, Q,, Q; indicate the heat a absorbed by the gas along
the three processes and AU,, AU,, AU; indicate the
change in internal energy along the three processes
respectively , then [AIPMT (MAINS) 2012]
(A) Q>Q,> Q4

and AU = AU,= AU,
B) Q;>Q,>Q,;

and AU = AU,= AU,
© Q1 = Q2 = Q3 and

AU > AU, > AU,
(D) Q;>Q,>Q; and AU > AU, > AU,
During an adiabatic process, the pressure of a gas is
found to be proportional to the cube of its temperature.

The ratio of Cp/CV for the gas is — [NEET 2013]
(A)32 (B)4/3
©2 (D)5/3

The amount of heat energy required to raise the
temperature of 1 g of Helium at NTP, fromT, K to T, K is
[NEET 2013]

(T,)

3 3
(A) ZNakB LT_IJ B) gNakB(TZ -T)

3
© ENakB(T2 -T) (D) %NakB (T, -Ty)

A gas is taken through P(10°Pe)

the cycleA—> B — Jas B

C — A, as shown, 2:

What is the net work % A= ¢

done by the gas ? o T a6a)
(A)—200017 (B)2000J

(C) 10007 (D)Zero [NEET 2013]

A monoatomic gas at a pressure P, having a volume V
expands isothermally to a volume 2 V and then
adiabatically to a volume 16 V. The final pressure of the

gas is (Take y=5/3) [AIPMT 2014]
(A)64P (B)32P
(C)P/64 (D)16P
A thermodynamic system undergoes ,
C B

cyclic process ABCDA as shown in 3p, <
figure. The work done by the systemap,
inthe cycle is [AIPMT 2014] Py <
AP,V (B)2P,V, Ve
(O)PyV,/2 (D) Zero

One mole of an ideal diatomic
gas undergoes a transition
from A to B along a path AB as
shown in the figure. The
change in internal energy of

P (in kPa)
[SS IS
N -7 >
) w

V (in m3)
the gas during the transition is
[AIPMT 2015]
(A)—20KkJ (B)201J
(C)-12kJ (D)20kJ
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Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Q.18

Q.19

A Carnot engine, having efficiency of n = 1/10 as heat
engine, is used as a refrigerator. If the work done on the
system is 10J, the amount of energy absorbed from the

reservoir at lower temperature is : [AIPMT 2015]
(A)991 (B)90J

©O1J (D)100J 4»p

Figure shows two paths that may ¢, ,q4p, B

be taken by a gas to go from a state 4
A to a state C. In process AB, 400Lx10%pa
of heat is added to the system and v
in process BC, 100 J of heat is added ~ 2x103m? 4x107 g
to the system. The heat absorbed by the system in the
process AC will be: [AIPMT 2015]
(A)5001] (B)4601] (C)300J (D)38017J

The coefficient of performance of a refrigerator is 5. If
the temperature inside freezer is —20°C, the temperature
of the surroundings to which it rejects heat is :

[RE-AIPMT 2015]
(A)21°C (B)31°C
(©)41°C (D) 11°C

An ideal gas is compressed to half its initial volume by
means of several processes. Which of the process
results in the maximum work done on the gas ?

[RE-AIPMT 2015]
(A) Isothermal (B) Adiabatic
(C) Isobaric (D) Isochoric

A refrigerator works between 4°C and 30°C. It is required
to remove 600 calories of heat every second in order to
keep the temperature of the refrigerated space constant.
The power required is [Take 1 cal =4.2 joules]

[NEET 2016 PHASE 1]
(A)2.365W (B)23.65W
(0)236.5W (D)2365 W

A gas is compressed isothermally to halfits initial volume.
The same gas is compressed separately through an
adiabatic process until its volume is again reduced to

half. Then [NEET 2016 PHASE 1]

(A) Compressing the gas isothermally will require more
work to be done.

(B) Compressing the gas through adiabatic process will
require more work to be done.

(©) Compressing the gas isothermally or adiabatically
will require the same amount of work.

(D) Which of the case (whether compression through
isothermal or through adiabatic process) requires
more work will depend upon the atomicity of the
gas.

One mole of an ideal monatomic gas undergoes a process

described by the equation PV3 = constant. The heat

capacity of the gas during this process is

[NEET 2016 PHASE 2]
(A)(32)R (B)(5/2)R
(O2R (D)R

The temperature inside a refrigerator is t,°C and the room
temperature is t; °C. The amount of heat delivered to the
room for each joule of electrical energy consumed ideally
will be [NEET 2016 PHASE 2]

Q.20

Q.21

Q.22

Q.23

Q.24

Q.25

Q.1

Q.2

ty +273
) -1t

tl + tz
(D) {1273

tl t1+273
Wil B

Thermodynamic processes
are indicated in the

1~ b

following diagram :

Match the following v
Column-1 Column-2 [NEET2017]

P. Process I a. Adiabatic

Q. Process II b. Isobaric

R. Process III c. Isochoric

S. Process d. Isothermal

(A)P—>c,Q—>a,R—>d,S—>b

B P>c,Q—>d,R>b,S—a

©) P>d,Q—>b,R—>a,S—c

D) P—>a,Q—>c,R—>d,S—>b

A carnot engine having an efficiency of (1/10) as heat
engine, is used as a refrigerator. If the work done on the
system is 10 J, the amount of energy absorbed from the
reservoir at lower temperature is — [NEET 2017]
(A)901] (B)99J

(©)1007J D)1J

The volume (V) of a monatomic gas \%

varies with its temperature (T), as ) B
shown in the graph. The ratio of 2.

work done by the gas, to the heat O -7
absorbed by it, when it undergoes a change from state A
to state B, is [INEET 2018]
(A) 173 B)2/3

© 2/5 (D)2/7

The efficiency of an ideal heat engine working between
the freezing point and boiling point of water, is
(A)6.25% (B)20%  [NEET 2018]
(C)26.8% (D) 12.5%

A sample of 0.1 g of water at 100°C and normal pressure
(1.013 x 10° Nm™2) requires 54 cal of heat energy to
convert to steam at 100°C. If the volume of the steam
produced is 167.1 cc, the change in internal energy of

the sample, is INEET 2018]
(A)42.2] (B)208.7J
(©)104.3J (D)84.5J

In which of the following processes, heat is neither
absorbed nor released by a system? [NEET 2019]
(A) Isothermal (B) Adiabatic

(C) Isobaric (D) Isochoric

PART - D (HEAT TRANSFER)

A black body at 1227°C emits radiations with maximum
intensity at a wavelength of 5000 A. If the temperature
ofthe body is increased by 1000°C, the maximum intensity

will be observed at [ATPMT 2006]
(A)5000 A (B) 6000 A
(C)3000 A (D) 4000 A

Assuming the sun to have a spherical outer surface of
radius r, radiating like a black body at temperature t°C,
the power received by a unit surface, (normal to the
incident rays) at a distance R from the centre of the sun
is— [AIPMT 2007]

v
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) 4 29 4 Q.10 A piece of iron is heated in a flame. It first becomes dull
(A) I"o(t+273) (B) lon"r"ot” red then becomes reddish yellow and finally turns to
4nR? R? white hot. The correct explanation for the above
5 4 - observation is possible by using — [NEET 2013]
© "o (t+273) ) 4ot (A) Newton's Law of cooling (B) Stefan's Law
R2 R2 (C) Wien's displacement Law (D) Kirchoff's Law

Q3

Q4

Q5

Q.6

Q.7

Q8

Q.9

where G is the Stefan’s constant.
A black body is at 727°C. It emits energy at a rate which

is proportional to — [AIPMT 2007]
(A) (1000)* (B) (1000)?
©) (127! (D) (727

The two ends of a rod of length L and a uniform cross-
sectional area A are kept at two temperatures T and T,
(T| > T,). The rate of heat transfer, dQ/dt through the

rod in a steady state is given by — [AIPMT 2009]
dQ k(T -Ty) dQ
o= _ —=kLA(T;-T
@) =1 ®) (T-T)
dQ  kA(T, -Ty) dQ kL(T;-Tp)
© 5= L ®) g = A

A black body at 227°C radiates heat at the rate of 7 cals/
cm?s. At a temperature of 727°C, the rate of heat radiated

in the same units will be: [AIPMT 2009]
(A)50 B)112
(©)80 (D)60

A cylindrical metallic rod in thermal contact with two
reservoirs of heat at its two ends conducts an amount of
heat Q in time t. The metallic rod is melted and the material
is formed into a rod of half the radius of the original rod.
What is the amount of heat conducted by the new rod,
when placed in thermal contact with the two reservoirs

in time t? [AIPMT (PRE) 2010]
(A)Q/4 B)Q/16
©2Q D)Q2

The total radiant energy per unit area, normal to the
direction of incidence, received at a distance R from the
centre of a star of radius r, whose outer surface radiates
as a black body at a temperature T K is given by

[AIPMT (PRE) 2010]
A or?T? B or’T? C ortT? b dror’TH
W5 B O O

A slab of stone of area 0.36 m? and thickness 0.1 m is
exposed on the lower surface to steam at 100°C. A block
of ice at 0°C rests on the upper surface of the slab. In
one hour 4.8 kg of ice is melted. The thermal conductivity
of slab is [AIPMT (MAINS) 2010]
(Given latent heat of fusion of ice =3.36 x 103 T kg™ 1) :

(A) 1.24 J/m/s/°C (B) 1.29 J/my/s/°C

(C)2.05 J/m/s/°C (D) 1.02 J/m/s/°C

If the radius of a star is R and it acts as a black body,
what would be the temperature of the star, in which the
rate of energy productionis Q ? [AIPMT (PRE) 2012]
(A) Q/4nR2c (B) (Q/4nR2c) 12

(C) (4nR2Q/c) V4 (D) (Q/41R2%c)14

(o stands for Stefan’s constant)

Q.11

Q.12

Q.13

Q.14

Q.15

Q.16

Q.17

Certain quantity of water cools from 70°C to 60°C in the
first 5 minutes and to 54°C in the next 5 minutes. The

temperature of the surroundings is — [AIPMT 2014]
(A)45°C (B)20°C
(©)42°C (D) 10°C

On observing light from three different stars P, Q and R,
it was found that intensity of violet colour is maximum in
the spectrum of P, the intensity of green colour is
maximum in the spectrum of R and the intensity of red
colour is maximum in the spectrum of Q. If Ty, TQ and Ty
are the respective absolute temperature of P, Q and R,
then it can be concluded from the above observations

that : [AIPMT 2015]
(A)Tp>Tg>T (B) Tp<Tp<T
(O)Tp<Ty<Tg (D) Tp>Tq,> Ty

The two ends of a metal rod are maintained at
temperatures 100°C and 110°C. The rate of heat flow in
the rod is found to be 4.0 J/s. If the ends are maintained
at temperatures 200°C and 210°C, the rate of heat flow

will be: [AIPMT 2015]
(A)16.81/s (B)8.0J/s
(C)4.01/s (D) 44.0 J/s

Two metal wires of identical dimensions are connected
in series. If 6 and o, are the conductivities of the metal
wires respectively, the effective conductivity of the
combination is [RE-AIPMT 2015]

G| +0j G1+0;
(C) 26162 (D) 010y

A black body is at a temperature of 5760 K. The energy
of radiation emitted by the body at wavelength 250 nm
is U}, at wavelength 500nm is U, and that at 1000 nm is
Uj. Wien's constant, b= 2.88 x 10° nmK. Which of the

010, 2(51(52

(&) C|+0, (B) G| +03

following is correct? [NEET 2016 PHASE 1]
(A)U,=0 (B)U;=0
(C)U,>U, (D)U,>U,

Two identical bodies are made of a material for which the
heat capacity increases with temperature. One of these
is at 100°C, while the other one is at 0°C. If the two
bodies are brought into contact, then assuming no heat
loss, the final common temperature is

(A)50°C [NEET 2016 PHASE 2]
(B) More than 50°C

(C) Less than 50°C but greater than 0°C

(D)0°C

A body cools from a temperature 3T to 2T in 10 minutes.
The room temperature is T. Assume that Newton's law
of cooling is applicable. The temperature of the body at
the end of next 10 minutes will be[NEET 2016 PHASE 2]
AYT4HT B)32)T

©@E3)T (D)T

v
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Q.18 Two rods A and B of different materials are welded the temperature doubled, the power radiated in watt
together as shown in figure. Their thermal conductivities would be [NEET 2017]
are K; and K,. The thermal conductivity of the (A)450 (B) 1000
composite rod will be — [NEET 2017] (©) 1800 (D)225
Q.20 The power radiated by a black body is P and it radiates
3(K;+K5) ;
A ——— BK;+K, EA /Kl/ maximum energy at wavelength, A. If the temperature of
2 = T . . .
1IN N3 2 the black body is now changed so that it radiates
K; +K, N maximum energy at wavelength (3/4) A, the power
© 2(K;+Ky (D) 2 < d > radiated by it becomes nP. The value of n isfNEET 2018]
Q.19 A spherical black body with a radius of 12 cm radiates (é‘) 533/ 81 (B)g/fz 6
450watt power at 500 K. If the radius were halved and © (D)81/25
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TRYITYOURSELF-1
(B). When a bimetallic strip of different metals is heated,
the strip bends due to unequal linear expansion of the two
metals. The strip will bends metal of greater o on the convex
side i.e. outer side.

d/

(A). Coefficient of linear expansion is given by o = Td

dv
and coefficient of volume expansion is by y = V-

©)

So from above formula it is clear that both have units of per

Kelvin.

B)

(A)

(A)

D)

—40°C=-40°F a

@

TRYITYOURSELF-2 ©)]

Let the temperature of water in calorimeter is t.

Heat lost by water = heat gained by calorimeter

100
T 1000 ——x 4200 x (40-t)=100 (t—30)
or 420 (40— t)— 100 = (t—30) @
or42 x40 -42t=10t—300
t=38.07°C
Here mass of metal block, m=0.20 kg =200g
Fall in temperature of metal At=150—-40=110°C
Value of water M = 150 cc = 150g ®)
Water equivalent of calorimeter w=0.025 kg =25g ®
Rise in the temperature of water and calorimeter At'=40—
27=13°C
According to principle of calorimetry
Heat given = Heat taken

msAt = (m,, +w) s, At’
_(150+25)x1x13  _ 175x13 0,103 cal g toC!
200x110 200x110

Here, m = mass of water flowing per unit time = 3000g /min.
At=77-27=50°C

Heat of combustion =4 x 10% J/g

Heat required to heat the water ,

3000g 427

Q=msat=" oy

50°C =63 x 10* J/min.
Rate of consumption of the fuel

. . 4
_ fuel required per min _ 63x10 —15.675 g/min.

Heat of combustion 4x10%

D)

(B). Heat released by 5 kg of water when its temperature
falls from 20°C to 0°C is
Q, =mCAB=(5) (10)* (20-0)=10° cal
When 2 kg ice at—20°C comes to temperature of 0°C, it
takes an energy
Q, =mCA0=(2) (500) (20)=0.2 x 10° cal
The remaining heat

Q=Q;-Q,=0.38x 103 cal will melt a mass m of
5
the ice, where, m =—= Q M_lk
L g0x10°

So, the temperature of the mixture will be 0°C, mass of
water initis 5+ 1 =6 kg and mass oficeis2—1=1 kg.
(A). Rate of heat gain = 1000 — 160 =840 J/s

2x4.2x10% x(77-27)
840
=500 sec =8 min 20 sec

Required time =

TRYITYOURSELF-

B)
(AD)
Keeping P constant, we have
Vi = ViT, 100x 6003
2 T, 300 =200cc

Cvitvy [(9x10%)% + (1x10%)?
Vms ST S 2

(81+1)% x10'?

> =J41x10%m/s
D) 6 (B) M ©)
(BD). For monoatomic gas,
5 3
Cp ZER’ CV =ER R CP—CV:R
For diatomic gas
7 5
G, ZER’ C, =ER ,C fCV:R

C, - C, is same for both +C,, = 6R (for diatomic)
Cp+C, =4R (formono) so (d’ +Cgia> (C,+C)

mono

P _ 7 =1.4 (for diatomic)
Cc, 5§

G
=~ =1.66 (for monoatomic)

35 2 2 . .
(Cp) (€)= TR =8.75 R* (for diatomic)

15 5 .
(Cp) (€)= 7 R* (for monoatomic)

SO (Cp . Cv)diatomic > (Cp . Cv)monoatomic

ETYE
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(C)

(10)

M
@

(€)

Q)

®)

©)

Y

@®

(D). At low pressure and high temperature inter molecular
forces become ineffective. So a real gas behaves like an
ideal gas.

v 3RT

D). Vims M

N (Vrms)He _ /MAF — ’ﬂ:m:3.16
(Vems ) Ar Mpe 4

TRY IT YOURSELF-+4

(ABD)
Here heat removed is less than the heat supplied and hence
the room, including the refrigerator (which is not insulated
from the room) becomes hotter.
Yes. When the gas undergoes adiabatic compression, its
temperature increases.

dQ=dU+dW
As dQ =0 (adiabatic process), so dU =—-dW
In compression, work is done on the system So, dW = -ve
=dU=+ve
So internal energy of the gas increases, i.e. its temperature
increases.
True. During driving, temperature of the gas increases while
its volume remains constant.
So according to Charle’s law, at constant V, P «c T.
Therefore, pressure of gas increases.
(BD).
(A) Process is not isothermal (For isothermal P-V curve
should be rectangular hyperbola)
(B) Volume decreases and temperature decreases

AU = negative, AW = negative so AQ = negative
(C) Work done in process A — B — C is positive
(D) Cycle is clockwise, so work done by the gas is positive.

f
(AB). - U= EHRT , where f,n,R are constants.

Also temperature T is same at A & B.
Us=Up

(Vi) 4V,
=nRT In L_) =nRTIn vy

Also, AW 45 i
=nRT)In4=P,V,In4

So, answers are (A) & (B).
If process BC is consider as isobaric then answer will be

ABCD.

7/5-1
v
4. TV'!=constant; TV"/51=aT (5)
Soa=4
(A). Number of moles of He = 1/4
Now, T, (5.6)~ =T, (0.7)r~!

1 2/3

1
—R [3T;
R -T]_ 4 [ ]]———RTI

y-1 2/3 8

9 (A). The corresponding P-V graphs (also called indicator
diagram) in three different processes will be as shown:

9
Work done = — =

P

A

A\ 4

> V

Vi Vs

Area under the graph gives the work done by the gas.
(Area), > (Area)| > (Area),
W,>W, > W,

TRYITYOURSELF-5
(0)) (B). Wien’s displacement law for a perfectly black body is

A, T = constant = Wien’s constant b
Here, A, is the minimum wavelength corresponding to
maximum intensity I.

1
or Apy 06;

Fromthe figure (A,,); <(Ap)3 < (A2

Therefore, T;>T;>T,
?2) (B). Let 0 be the temperature of the junction (say B).
Thermal resistance of all the three rods is equal. Rate
of heat flow through AB + Rate of heat flow through
CB =Rate of heat flow through BD

90°-0 N 90°-6 0-0
R R R
Here, R = Thermal resistance

90°C

90°C

- 30=180°
or 8=60°C
A3 (A). Black body radiates maximum number of wavelength
and maximum energy if all other conditions (e.g.,
temperature area etc.) are some.

So, when the temperature of the black body becomes
equal to the temperature of the furnace, the black body will
radiate maximum energy and it will be brightest of all. Initially
it will absorb all the radiant energy incident on it, so it is
the darkest one.

[#
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@ 9. (e =30pma=>T,=3Tg
E, = 47 (6)>cT4 = 4r (6)*(3Tg)*
E, = 4n (18)*cTy ; E|/E,=9
(5) (ACD).
A : At steady state, heat flow through A and E are same.
C:AT=ixR
‘1’ is same for A and E but R is smallest for E.
. AT . AT . AT
D:ig=—,ic=—,ip=—
Ry Rc Rp
Ific=ig+ip
1 1 1 8KA 3KA 3SKA
Hence, =—— = 7 = 7 + 7
Rc Rp Rp
o R oL, L _3L
© @R A A
1 1 1 3kA . R L
= + ; Rop=7—
G G I
KA 2KA
AQ,=AQ,
£t1 _A—th =ty =—2t1 =2 sec
R, R, 1

™

®

(A). o x 4nR? (T4 - T, =912 nR?

T4—Tg _ 912 _ 912
4x6  4x57x1078
T4=40x 103+ (300)* =(40+81) x 108
T=330K
2. According to Wien's displacement law

=40x108

?\.mATA = }\‘mBTB

Ratio of energy radiated per unit time

E, oTiA, . 10°E (o) (4m) (400r)° Ty c
Ep  oTiAg E (o) (4m) (r)* Tp
4
4
{X—B} (400> =10% = JAB | _,4 _*a _,
Aa Aa A

B
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CHAPTER-12 : HEAT & THERMODYNAMICS

Q)
()
€)

(C)

®)

(©)

Y

@®

(C)

(10

11)

(12)

EXERCISE-1

(B). Gases show a greater expansion, than solids and
liquids at ordinary temperature.

(A). A metal expands on heating. Therefore, diameter of
the hole also increases.

(B). Since, with increase in temperature, volume of given
body increases, while mass remains constant so that
density will decrease.

P m/V _&_ Vo
Lo by mV, V. Vy(1+7AT)

p=po(1—vAT)

= (1-yAT)

tg—=32  tc
180 100
Iftg =t =x, then
x-32 X
===
180 100 5 9
= 9x=5x-160=160=—4x = x=-40°
(B). Water exhibits an anomalous behaviour, it contracts
on heating between 0°C and 4°C.

(A). Using relation,

X x-32

N oS O o
©-Po =T AT 14y (T, - Ty

T,=4°C, T,=100°C

pr, =1000kgm™ , pp =958 4kgm™>

9584 - 1000 yo 4o
14y (100—4)> ¥ T 958.4%96
=45x107%°C!

(A). The latent heat of vaporization is always greater
than latent heat of fusion because in liquid to vapour
phase change there is a large increase in volume.
Hence more heat is required as compared to solid to
liquid phase change.

(A). Heat taken by ice to melt at 0°C is

Q; =mL =540x80=43200cal
Heat given by water to cool upto 0°C is
Q, =msA0 =540 x1x(80—0) =43200cal

Hence heat given by water is just sufficient to melt
the whole ice and final temperature of mixture is 0°C.
(A). Heat lost = Heat gain
100 x 1% (100—T)=100x 80+ 100 xT; T=10°C
(D). Vapourisation of 1.0 kg requires 2.3 x 106J and melting
requires 3.3 x 10° J. Heating from 0° C to 100°C will
require approximately 4.2 x 10° J. Thus, in increasing
order, they are melting, heating, and vapourisation.
(D). Steam at 100°C carries 22.6 x 10° J kg~! more heat
than water at 100°C. This is why burns from steam
are usually more serious than those from boiling
water.
(C). Heat lost = Heat gain
mS,(32-38)=mS (28 -24)
SA=Sg

(13)

(14
1s)

(16)

an

(18)

19

20

@1

22

23

(A). Vi = 3RT Va _ T_2: (273+90) 11
TTMIATM oy, AT, \(@73+30)
0/ : (Vz \\ o
% Increase :LV——IJ x100=0.1x100=10%
1

kgT

©.* 4m2r%P

(C). Mean kinetic energy of molecule depends upon
temperature only. For O, it is same as that of H, at
the same temperature of —73°C.

(D). Molecules of an ideal gas move randomly with
different speeds.

(B). The kinetic theory of gases gives the formula

1 —
PV = gvaz for the pressure P exerted by a gas

enclosed in a volume V. The term Nm represents the
average mass of one molecule of the gas

(D). Energy = 3001/ litre = 300 x 10> J / m?

p_2p_ 2x300x10°
3 3

2 2
o, +
(O). By definition, v, = \/@ ’
©Ox109% +(1x10%)%  [81x102 +1x10'2
Vims = ) _ .

B \/(81+ )x10'2 \/82 x10'2
- 2 2

(D). In mixture gases will acquire thermal equilibrium (i.e.,
same temperature) so their kinetic energies will also
be same.

=2x10° N/m?

=J41x10°m/s

3 5
mey +mcy, XS RHIXOR

. (€ )mix = = =2R
(©). v n +ny 1+1

3 5
(CV)mono = ER’ (Cy)ai = ER

(A). We treat water like a solid. For each atom average
energy is 3k T. Water molecule has three atoms, two
hydrogen and one oxygen. The total energy of one
mole of water is U =3 x 3kgT x N, =9RT

[ kg=R/N,]
Heat capacity per mole of water is
_AQ_AU_ o
AT AT

_ Q.
(©). Q=msAT =s= AT

When AT=0=s=00

rys
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249

25

(26)

@n

(e2))
29

30

31

(32)
33

34

35

(B). CO is diatomic gas, for diatomic gas
Cp TR/2
Cy 5R/2

(A). Using Mayers equation, for 1 mole of gas,
Cp—-Cy=R

CP :%R and CV :gR = Ydi = 1.4

. R R
For unit mass, Cp, - Cy, = M_E
(" M for nitrogen = 28)
My, 14
D). M : :TMNZ =14m and My,  =m
He
14m 7 m 5
—x—R+—x—-R
C :n1Cp1+n2Cp2 _ 28 2 475
’ n, +n, 147m+E
28 4
7 5 5
ZXER+ER 7R+ER 19R

2+1 3 6
(A). Average number of degrees of freedom per molecule,

f total number of degree of freedom

total number of molecules

_ 0N f) +n,Ni
n N, +n,N,

; where N, = Avogadro constant.

mf) +n,f5,  3n; +5n,
Here, f; =3,f,=5 .. f= =

2 3n; +5n,
= —_= = —:4
Also, Y 1+f 1.5 or f=4 0, +1,

(A). Ideal gas possess only kinetic energy.

(A). With rise in temperature, internal energy also
increases.

(D). Internal energy is a state variable and AU depends
the initial and final states only, it is path independent.
AQ and AW are path dependent.

(C). AW=PAV.
Here AV is negative so AW will be negative

(A). W=PxAV=2x10°(150-50)x 107> =2x10%

(B). AQ =AU+ AW
AQ =200J and AW =-100J

= AU =AQ-AW =200 (-100) = 300J

(A). From first law of thermodynamics

= dU=dQ-dW = dU=dQ(< 0)

= dU<0. So temperature will decrease.

(D).(a) If Q >0, heat is added to the system

(b) IfQ <0, heat is removed to the system

(c) If W>0, Work is done by the system
(d) If W <0, Work is done on the system

(36)

37

(33%)
(39)

(40)

C2))

“42)

“3)

“4

Co))

(6)
@n

C))

(B). In case of given graph (straight line), V and T are
related as V= aT— b, where a and b are constants.
From ideal gas equation, PV = uRT

pRT pR
Wefind P =y " asb/T
Since T, > T, therefore P, <P,.

(A). During free expansion of a perfect gas no work is
done and also no heat is supplied from outside.
Therefore, no change in internal energy. Hence,
temperature remain constant.

(A). Conceptually, elastic collisions with a moving object
leads to change in its energy.

(C). In isothermal expansion temperature remains constant,
hence no change in internal energy.

(C). For isothermal process

PV:RT:P:E
v

V. V.
w=pav = 2R 4y — RT10g, 22
i v \Y]
A). Bulk modulus = ar
(A). Bulk mo uus_i(dV/V)
For isothermal process, PV = constant
Vvdp dp P
Pt—=0; —=——
dv dv \"

(A). An isothermal process takes place at constant
temperature, must be carried out in a vessel with
conducting wall so that heat generated should go
out at once.

(O). For isothermal process, dU =0

and work done =dW =P(V, -V))

vV gwe Y
272 2 ¢ 2
(D). PVY=constant

P, (v 5/3
2 0 Sp =@ =32p
= P va) 2 1 1

(C). Volume of the gas V=m/d
and using PVY = constant

L [l)y =[ijy =(32)"5 =128

P \'A d

(D). In isothermal process AQ # 0.

(C). When heat is supplied at constant pressure, a part of
it goes in the expansion of gas and remaining part is
used to increase the temperature of the gas which in
turn increases the internal energy.

©).Q=AU+W ; 0=AU+W

. AW=-AU=-nC AT

_ MR (T-Tp) _ 02x8314(150) _ .,
y—1 14-1

T
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(49) (O).Heat engine cannot have 100% efficiency and
refrigerator cannot work without external work. This

is because of second law of thermodynamics.

T 300 2
(50) (B).n=1--2=1-——=2=
L
(D). Coefficient of performance (o) of refrigerator is
defined as heat extracted per unit work done. It may
be more that one. It cannot be infinite.
Heat extracted

Q- :
o= W = Work donc (for refrigerator)

Here, Q; = W + Q, = heat released to hot reservoir

. Q

Q-Q
L, _ T-T,

T T

When T, and T, both are decreased by 100 K each,
(T; = T,) stays constant.

T, decreases. .. m increases.

T, 25 _, 300

=]l-—== "= i
O T 0 T

(1)

(52) (A).N=1-

(53)

= 1239 1 _ 400k =127°C
4 T
(C). Mud is bad conductor of heat. So it prevents the
flow of heat between surroundings and inside.
K161 + K292
K;+K,

(4

(55) (A). Temperature of interface 0=

L 1R =K then K, = 4K
'K, 4 1~ Khen K, =4K)

~ 9= Kx0+4K x100 ~80°C
5K

(56) (C).Let0 be temperature middle point C and in series rate
of heat flow is same

= K(2A)(100-0)=KA (6-70)

= 200-20=0-70=30=270 = 0=90°C

(C). Convection significantly transferring heat upwards
(Gravity effect).

(B). Convection is a mode of heat transfer by actual motion
of matter. It is possible only in fluids. Convection
can be natural or forced. In natural convection,
gravity plays an important part.

(D). In convection process heat is transferred by the
motion of the heated particles. Warming of glass bulb
is due to radiation.

(B). The common examples of forced convection systems
are forced-air heating systems in home, the human
circulatory system and the cooling system of an
automobile engine. In the human body, the heart acts
as the pump that circulates blood through different
parts of the body, transferring heat by forced
convection and maintaining it at a uniform
temperature.

(57

(38)

(59

(60)

(61) (A). Using wien's displacement law

T, (mh T - 2000 x 1250 _35211K
T (w2 71 B

(62) (C). Heat radiations are electromagnetic waves of high
wavelength.

(63) (O). According to Kirchoff’s law, the ratio of emissive
power to absorptive power is same for all bodies is
equal to the emissive power of a perfectly black body

e
ie., (_j = EBjack body
a body
For a particular wavelength
( €y \
— = (Ek)Blackbody =€) = akEx
A/ body

(64) (A). Initially black body absorbs all the radiant energy
incident on it, So it is the darkest one. Black body
radiates maximum energy if all other condition are
same. So when the temperature of the black body
becomes equal to the temperature of furnace it will
be brightest of all.

(65)  (A). According to Wein’s law A T = constant, on heating
up to ordinary temperatures, only long wavelength
(red) radiation is emitted. As the temperature rises,
shorter wavelengths are also emitted in more and
more quantity. Hence the colour of radiation emitted
by the hot wire shifts from red to yellow, then to blue
and finally to white.

(66) (B). Apply Newton's law of cooling,

AT 20
_:_k(TaV_TG) 5 —=-k (70_30) ..... (1)
t 10
60-T 60+T j
-k ~30
10 ( , Y e (2)
Divideeq. (2) ~eq. (1)
60-T T/2 T
——=——=120-2T=— =48°
20 40 = T

(67) (O). According to Kirchoff’s law, a good emitter is also a

good absorber.

. de dQ
(68) (A). Rate of cooling & oc s
. do 1
dQ is same so o w5 Msolid > My ow
Hence, hollow sphere will cool fast.
1

(69) (B). Fractional loss of time per second = EOL.AT

1
Therefore, Ea(TO —15)x (24 hrs.)=5

1
and E(x(30— T,) x (24 hrs.) =10

Onsolving, T,=20°C

v
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(70)
(71)

(72)
(73)

(74
(75)

(76)
(77

(78)
)

(80)

@1

(82)

(83

C F-3?
©). 5= = 5
(O). Let Q and Q, amounts of heat flow from P in any
time t. Let m be the masses of steam formed and ice melted
in time t. Let k and A be the thermal conductivity and the
area of cross-section respectively of the rod.

A_C:%; AC:%AF:AC:AK

800—-100
Ql :kA[Tjt:mLsteam;
800-0
Q2:kA[ I-x jt:mLice
(5 1
Dividing, X 300 or 1 -x=8x or X—gm

X—(=25) Y-(-70)
© S0 "0
(C). Strain developed

g=0oAT =(12x107°) (50) = 6x107*

Strain will be negative, as the rod is in a compressed

state.

(C). Power radiated P oc T* also AT = constant.

(D). Since tension is the two rods will be same, hence
AY00A0 = Ay Y,0,A0 = A Yo = A,Y,0,

(C). Thermal equilibrium means same temperature.

(A). In an adiabatic expansion, internal energy decreases

and hence temperature decreases.

from equation of state of ideal gas, PV =nRT

= The product of P and V decreases.

(D). Internal energy and volume depend upon states.

(C). More the surface area, more will be the rate of cooling

and hence lesser will be the temperature. Greater the

number of surrounding surfaces of the objects having

equal area and equal volume, lesser will be the surface

area. Among all the given objects, sphere has least and

pyramid has largest surface area. Hence the temperature

of sphere is highest while that of the pyramid is lowest.

(A). Since volume is same in all three process therefore

temperature will be least having least pressure.

(A). In case of H, degree of freedom is greatest and number

of moles n is highest.

So this is the case of maximum kinetic energy.

50— 40 :k[50+40‘20)
2
40-30

©. 5
k[4o+30_20)
t 2

Divide eq.1 byeq. 2 ; t=25/3 min.

12 +0% +2% +3?
B). Vi = ,/f =35

For Y=50,X=1375.0°X

(84)

(85)

(86)

@7

(83)

®9)

90)

on

92)

O

@

3x2

C 3
(A.M=—Y=—2 _y49 .Cy==R

Sy  0.075 2

PM P,M P P.
(A). We have, p:M:—l =2 12
RT RT, RT, T, 2T,

P2 = 2P1
(B). Since molecules of the gas do not favour any
particular direction.

(B). Temperature of B will be higher because, due to
expansion centre of mass B will come down same heat is
supplied but in B, Potential energy is decreased therefore
internal energy gain will be more.

(C). AvgKE. = Skr=2my? |- Lm? = 3kt
2 6 2 2

(B).When a body is heated, the distance between any
two points on it increases. The increase is in the same
ratio for any set of two point.

Let A, and At be the areas of cross-section of the
tube at temperature 0 and t respectively,
¢ =length of the liquid column (constant)
V, and V, be the volumes of the liquid at temperature 0
and t respectively,
Vo =1A, V, = lA,
V. =V(1+y1) A=A, (1+2at)
o V=LA (1H2at) = V(1+yt) = LA (1+yt) or - y=20.
(A). Let py, p; and p, be the densities of the liquid at
temperature 0, t; and t, respectively
To balance pressure, p,/,g = p,/,g

( Po \ _( Po \
or Ll-i—ytl)gl_Ll—i-ytzJf2

(B). Higher is the temperature greater is the most prob-
able velocity.

EXERCISE-2
D). Qu=AU+W,, ; Wy=0

f f
AUy = ZnRAT = —(APV)

AU, = %(APV) =Q,; =25P)V,

Process BC :

Qpe =AU, + W, =0+2PV,In2=14PV,
Quet = Qus +Qpe =39RY,

A). [PdV =[nC,dt

= dQ=2dU =nCdT=2nCdt =C=2C,

2R
1.5-1

= C= =4R

B
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(€)

Q)

®)

(©)

™

@®

(C)

(10

(B). In process-1 heat supplied

=area under AB curve +n x ¢, % 100 (isobaric process)
In process-2 heat supplied = area under AC curve
(isothermal process)

In process-3 heat supplied = 0 (adiabatic process)

In process-4 heat supplied = n x ¢, (T — 600) (isobaric
process)

(11)

(12)

1 k 2
(B).Poc—2:>P:—2:>PV =k
A% \%

PVV=k=nRTV=k=TV =k

Since temperature increases therefore volume decreases.
(D). Heat absorbed by gas in three processes us given

by Qucg =AU+ Wycp 5 Qapg =AU

Qapg =AU+ Wygp

The change in internal energy in all the three cases is
same and W, - is +ve, W pp is —ve.
Hence Qcp> Qapp > QaEs
(B). Since thermal resistance
Ruc=Rpc=Rpg =Rpp
. Heat current Hy - =Hg-=Hpp=Hpp
Also2H,~=Hcp - Poc=Ppp
Also, P-p=2Ppe
(A). For ablock body, wavelength for maximum intensity

(13)

1 1
Ao and port = Pock—4 =P'=16P

PT'=32PT
Vf
(A).Q=W=nRTIn 7~

_ Q B 1500
nRIn(V,/V;) 0.5x25/3x1In3

_ 1500
0.5x25/3x%1
(A). Since, e=a=0.2 (sincea=(l-r—t)=0.2
for the body B)
E=(100)(0.2)=20 W/mZ.
D). U, -U, =dU=Q-W =50-20=30 cal.
Q,; =36cal, dU =30 cal.

Therefore, W, = Q,,; —dU =60 cal.
For path, ‘fi’ dU=-30cal

W=-13cal, Q=-30-13=-43cal
Negative Q means heat has been rejected by the gas.
Again as Ug—U; =30 cal and U; = 10 cal
Then U;=40 cal.
Along path ‘ibf” W =6 cal
again as Wy =0, therefore W, =6 cal
U,-U,=22-10=12cal

Q=W, +(U,-U,)=18cal]

=360 K a4)

15

Hence,

(A). Net power given to N, gas =100 — 30 =70 cal/sec
The nitrogen gas expands isobarically.

dT 7 dT dT
- Q=nCp— 70=5x—R— - —=2k/sec
Q=nCpyor 2 dt dt

1 [1 2]
- —|=CV
(0).2xSxAT > 2
where S=0.5JK! (for each plate)

AV
AT=0.5°C Now, v =y(AT)=3 o (AT)
.. Percentage change =3 o (AT) x 100% = 0.003%

dr 1 |-
(D) J.dR :J.4Tcr2K = 4TEK[ 2r2r11:|

[R = thermal resistance]
[m =px i7:r3 }
P*3

é_ 4nKAD  4nKAQ
NEEOE e
L nn J 2

T
mL  4nKA0
time  (t/r?)

. tr
&:[E] x constant ; timeoc —
time \tr K
t2K
25 47 1Ky Ko 8

6wk 2K, Ks 25

cICi

(B). Let power lost to surrounding is Q

. 60-Q= [‘L—‘?] S(10) and 120-Q = 3{[‘1{—‘?} 5(10)}

120-Q
60-Q Q=30W
©). At At work done per unit time L
do_pdv_ a0
dt dt L
nRT 0.5R(300) , d¢ kab
P= = A—=—o=
v v d L
0.5R(300) ka® ka[ 27 ) k
- ———AvV=E—o VE=E—| — | =——
A L L R \300/ 100R
2

2
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(16)

amn

(18)

19

20

@1

Plvl _P2V2 _ PIVI _PZVZ

. W=
(@) 21 ] (22)
nR nRAT P,V,-PV,
U= _ _HV 11;E:_0_4
(r=D (vr=D v -1 AU
Po Ap
= = po(1-yA0) . — =—yAD
(B). P T+ 740 Po(1-7AB) . > Y
1 3410740 WCE 100 _ 33 30¢
100 3 (23)
(D).P,=2P,,V,=4V,,n=1
PdVv
C=Cy+——;
dT
dW =PdV = Area = l[(P1 +P,))(V, - V))]
2 (24
1 9
=—G3P x3V|))=—PV,
> (3P 1) PR
R R R R @5)
P,V,R
c-Op42PViIR _22R
2 2 7PV, 7
c Al _mx0.05 1
©. 4 x40 800
T=Y2 0 A =200x10° x — x1x107° =250 N
14 800
(D). Let T, = initial temperature of the black body.
XyTy = b (constant)
Power radiated =P, = C.T04. (c = constant)
Let T = new temperature of black body.
3A 4T,
4 (26)
4 256
Power radiated = ¢.T* = (cTy ) (‘) =Py (_)
3 81
(B). First process is constant T
pressure process
| =nR (2T, —-T,) =nRT,, 2T,
Equation of second
Y —
. T__g
processis T = 1 v
T VO 2VO
P nRT nRc A
V2 T, B
2V A
w= [ Pdv= MRTy Ty/2 C
2
Vo
@7
M9y Vo 2V
w2

nT, T
B). Q= I CdT:alnn—Ozalnn
T, To

0

R
AU = CyAT =—(-DT,

-1
RT,
1} 0

W:Q—AUzalnn—l:rl

r—

2
B). y+1+—=1+
Y

o

4
3

AW _AQ-AU _, nCyAT 1 _ 3
AQ  AQ  nCAT vy 4

o AQ =4AW =100]

(A). The rate of heat flow is the same through water and
ice in the steady state.

4-0 _ 3kA0—(—4)

10—x X

or x=(10-x).3.or x=7.5m

(D). Rate of loss of heat « difference in temperature with
the surroundings.

d
At 50°C, d_? =k(50-20) =10, where k = constant

I=kA

k=1/3
At an angle temperature of 35°C,

@:§(35—20)J/S=5J/S

dt

d
Heat lost in 1 minutes = d_? x60J =5%x60J=300]=Q

Fall in temperature = 0.2°C= A©.

~Q _ 300J
T do 0.2°C
(A).When systems of masses m, m,, ........ specific heat
capacities s|, s, . ... and initial temperatures 0, 0, . .. are
mixed, the temperature of the mixture is

Q=cA6.

Heat capacity = ¢ =1500J/°C .

2 msO  mys;0) +mys,0, ..

TS s

m;s; +myS, +....

Zse

N

For systems of equal mass, 0 =

Let s, s, and s; be the specific heat capacities of A, B
and C respectively.

_ 10s; +25s,
S1+5,

ForA+B, 15

or 5s;= 10s, ors; =2s,.
Similarly, calculate 0 for A+ C systems.

(O). Let L = specific latent heat of vaporization,

L; = specific latent heat of freezing.
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2%

29

30

31

Given, L =nL,. Letm = initial mass of water, = fraction
of water frozen.
Mass of vapour formed =m (1 — ),
Mass of'ice formed = m.
m(1-f)L,=mfL;
ﬂ:h:l or n—nf=f or f:i
f Ly 7 n+l
(C). Let R =total thermal resistance of the ring.
AT = difference in temperature between A and B.
For q = 180°, two sections of resistance R/2 each are in
parallel. Equivalent resistance = R/4

or

AT

Rate of total heat flow =1, =1.2 or 0.3= Y

" R/4
For q=90°, two sections of resistance R/4 and 3R/4 are in
(R/4)(3R/4) 3R

parallel. Equivalent resistance = R/4+3R/4 16

Rate of total heat flow
AT 16( AT 16
2:—W:—[—]W:—x0.3W:1.6W
3R/16 3\ R 3

d
(B). For g-t plot, rate of cooling = d_? = slope of the

curve.

de
ATP, m =|tan (180 - ¢,) | = tan, =k (0, -0,)

where k = constant.
do
AQ, = tan (180—¢y) = tan gy = k(6; ~0y)

tandg, _ 0, -6,
tan (I)l 91 - 90

(D). From Boyle's law (T = constant)
PVi=P,V,

. 4 r3 4 3
o (Hdwaer +h dmercury) g ( g n ) = hdmercury g ( E TC(2r) )
= Hd 8hd hd

water mercury - mercury

d

mercury

= H=7h - H=7hp

water
(C). Let pA, pB be the initial pressures in A and B
respectively. When the gases double their volumes at

P

constant temperature, their pressures fall to pTA and )

for A, Pa —p7A= Ap or pa =2Ap

Pa _2

_Ps _ _ :
for B, pg 5 =1.5Ap or pg =3Ap .. ps 3

m m
Also, pAV = VART and pgV = VBRT

(32)

(33)

34

35

(36)

Pa _Ma

pp mp
(O). Process;_,, and Process;_,, are isochoric process.
Wi, =0, W5, =0,W,;=nR (T;-T,)

=3R (1600 —-400)=3600 R

W, =nR(T,-T,)=3R (200-800)=-1800 R
W=(3600—1800)R=1800R=15kJ
(D). Work done by gas in going isothermally from state A

my _2
" my 3 or 3mA:2mB.

P
toBis AWap = nRT 1nP—A =nRTIn2

......... )
B
Work done by gas in going isothermally from state B to C
P, P
is AWpe =nRTIn—2 =npRT—2- . )
Pc 2P

Itis given that AWy~ =2AW g
P P,
In—2-=1n(2> . p.--0
2PC . C 8
(A). Initially T=300 T =500
300=ceA[500*-300%]  ..(1)

afterwards half of the surface of sphere is

completely blackened

Dividing (2) by (1)

53)
27 e 1
2 2 =>2e=—+—>€=—
e 2 2 3
(O).AU,, +AU +AU_, =0
AU, =0 (isothermal) ; AU, =—AW,,_ (adiabatic)
Hence, AU_,=4]

2=

do Ty -Tp
(B). Heatcurrent H= —=——
dt (Rth )eq

Ty T,

Ty — heat temperature,
T} — low temperature
Equivalent thermal resistance

(Rth)eq
L

L oL L
KA koA KGA

Ty-T, ATy
(Rth )eq (Rth )]

Ineachcase: H=

Ly
R = T, A - Hence, (AT)), = (AT)), = (AT)),

Eyve
I 200
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()

(€)

)

®)

EXERCISE-

6. Let initial pressure, volume, temperature be P, V5, T,
indicated by state A in P-V diagram.

P
A 2T, ‘ 4T,
2Py B C
A
P T
0 A 0
>V
v, 2v,

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,—~Ty + C, (4T~ 2T,)

5 7 19
= 2RT, +~R x 2T, = —RT
2 07 07 0

Total change in temperature from state A to Cis AQ=3T,,
19

.. Molar heat capacity = AQ = 23T = %R
0

RT,

1. The rate of heat loss by a thin hollow sphere of thick-
ness Ax, mean radius r and made of density p is given by

msi—f= — ecA(T*-Ty)

T
(pAmrAx) s‘i—t = — ec4m’ (T*-T¢)

dT - eo (T*-Ty)
dt . SAx
Hence, rate of cooling is same for both spheres.
l:a=1:1=>a=1
5. Agas is suddenly expanded so it is an adiabatic expan-
sion i.e. PVY = constant

is independent of radius.

or PV =P,V]
Given:V,=3V,C =2R .. C,=2R+R=3R

Cp 3R P o[V,
y=—L-""—15 . L-| 2] =3)¥=51»~5
C, 2R P, |V

PM PM P P,

PM
2. Wehave, p=——; RT, ; T, = 2T,

RT > RT
P,=2P,
2.Q=7J
AQ=AU+W
2L

5
7=nC AT +PdV=n ERAT-&-DRAT
L LL

;
7= - (ARAT) = nRAT =21

©)

Y

@®

(C)

(10)

an

3 1
112. EkT:M[l_Z] ; T=112x103K. Soxis 112

3 3
339. Forideal gas, U= EHRT = EPV

3 3 3 PV, +P,V.
ZPV,+2P,V, =PV . p=-11"272
2 2 2 A"

On putting the values we have

_2x2x10° +4x4x10°
2+4

P =3.3 x 105 N/m?

PV, PV, PV
n=n, +n, and therefore, RT, + RT, “RT

2><105><2+4><105><4_10><105><6
300 350 3T

4 1620
300 350 T
12. mgh=0.5 2Rt

; T=339K

0.5I°Rt __dh_05I°R
mg dt mg

— h= =12 cm/s

5. Temperature is constant

Adx
AL/2

d
AE=0, dW =nRT 7V=nRT

g O RTax
Q= = d L/2dt

dQ _ dw

kLAT_ZnRT[dx]
dt  dt

900 L L \dt
dx kx27 415.5%27 1

— —= = =——m/s
dt  900x2nRT 900x2x0.5%x8.31x300 200

= 5Smm/s

24. Heat supplied (1 2 &2 —3)
=nC9T,+ nCp 90T,
Heatrejected 3 >4 &4 —>1)
=nC, 90T, + nCp9T0

10C, +C
.= 1- A Pl_q
C, +10C,

_10+y 114 _36_12
1+10y 15 15 50

.. Yefficiency =24%

8400. New volume of flask =2 (1 + 30, AT) litres
(1dm3 = Litre)

water AT) litres

AT) dm3

+ Viron - Vﬂask

New volume of water=1(1+Y
New volume of iron = 1(1 + 3oy
Volume of water overflow=V_.
- (Ywater + 30Liron - 60LGlass)AT
=[(180+3 x 12—6x 8) x 10701 x 50

=168 x 50 x 1070 =8400 x 107 litres = 8400 mm?>

B
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(12)

M
()

(€)
)
©)

(6
™)

®

(C)

10
11)
(12)
13)

24. Heat released by water = Heat absorbed by ice
(15 x 103(gm)) (cal/gm) x (80 —20)°C =ms (20°C —0°C) +
nL
= (100 cal/g) m (gram)
15" 60
100
Total water=15+9=24kg
.. minimum volume of vessel =24 litres.
EXERCISE-4
(B). Thermal capacity (defination)
(C). Water rejected heat and convert in ice.
If mass-energy equivalence consider then energy
decreases "mass".
(CO). Black holes.
(B). Pyrometer

=>m= x 103 gm=9kg

(A). According to Stefan law, P = % o T4R?

P (Tl\ (R’ [M]“[ljz 24

— =1:1
P, LRZJ 2000/ \4 24
(C). Remain same
D). (V1)u, =(Var¢)02
f3RT [
Hy _ 3R(320) Ty _ﬁ: 20K
2 32 2 16

7
(O).n;=1mole, v| = g (diatomic gas)

n, =1mole, y, =

5
3 (Monoatomic gas)

5 3
nlCV1 +n2CV2 ~ IXERJ’_IXER
1+1

Vmix m + n,

Cvpix=2R 5 Cp;,=3R

mix
Cpmix _ é _ 24

Ymix ~ CVmix T2 E

T, = o (source temperature)

(©). Forn=100% {Tz =0 (sink temperature)

(A). All reversible cycles have same efficiency.
(A). Second law of thermodynamics.
(C). Work
(B). Q=3 x 10 cal
=627°C=900K, T, =27°C=300K, W=?

-, W
T Q
=T, 6 600
W= QL J 3x10 ><—cal

=2 x 106x4.2J:8.4x 107

(14

15)

(16)
a7

(18)

19

20

@1

22
23

249

25

(26)

(B). Internal energy and entropy are state functions both
are depends on initial and final position.

(D). Poc T3
In adiabatic process P oc T¥¥ ~

o 1]
vy -1 ’ 2

(A). Spectrum explain by Planck.
(C). Rate of cooling R, =—C (6 -0)) =— C(AB)
Son=1

D).(T,>T)) £ XD>e—4x —>
Tz\ T,

dQ _ Kegh N
= (h-T)) RKY K

dt 5x §
Keq in series combination

5 dQ KA
Ky ==K ; —==—(T,-T,
eq 3 * gt ( 2 1)

Compare with given expression f=1/3
(D). P oc T4R?
T,=2T,
R,=2R, ; P,=64P,

E
(B). Momentum transferred to the surface p; = C
Strike normally and collide elastically
So momentum of reflected radiations.

E
P, = e
Change in momentum, Ap =pp —p;=—-2E/C
A), Vmix = Pmin _ nlCPl +n2CP1
. Imix = -
( ) x CV n1CVl +n2CV2

7 5
_l><5R—|-l><ER_12

"8

3
IXER+1X§R 2
2 2
©.

(A). It is not applicable to any cyclic process.

Q-Q 1 3
0. "= : =—(TpSp) + TySy = =TS
© Q ; Q 2(00) 050 =5 ToSo
3
5ToSo—ToSo 4
Q=TS ; n==———=3
°TSe
2 0
(A). Internal energy path independent AU, = AU
m 16
(B)-mHe:16gm:nHe: He =—=4
WHe
m 16 1
1’1’102 =16gm:>n02 = 02 ==
WO 3 2
2

[¢
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e (Cp)pe + 10, (Cpo,

e (Cy)ye + 10, (Cyv)o,

Ymix =

4x§R+lsz
- 2 2 2

=1.62

- = Ymix
4XER+lx§R
2 2 2

(27) (O).In variable cross section case heat flow rate

Sy

w )

.. dQ
In steady state condition at = H = constant

Take "dx" thickness portion at distance
"x" from centre

~dQ  K(4mx*)dT

dt dx

J‘rz dx  4nK T
I X2 H ‘T

(1 1) 4nK
——|=—(M0-T)
1'2 I'l H
H:4TCK(T1—T2)
(I'z—rl\
nr

2
28 (). P=(m5)oT* (%)

nlflTl + n2f2T2

T, =
@9) ). Tmix =

lx5be+lx3x%Tb 5Ty + 7T, 12T
= R e 1
1x5+1x3 8 8

30) (B). Wap =

n= 1K mole =103 mole

(rlrz\ H (rlrz\

PR
n-n/°’ n—q

(from energy conservation)

- R(T;-T
nR (Ty Tz); y =140 (N -T)
y-1 Wab

T,-T,=7°C
W,p=146KI=146x10°J
v=1.66

dUiaf = 30cal

Internal energy path independent

pe LW

32) (A).N=7,=5 ; W=10

() W57y
Q, = 10W=100J
Q,=Q,~W=100-10 =90

(33)  (A). Molar specific heat Cp, — Cy, =R

gm specific heat Cp, —Cy, = Ml

w
R
ForN, = Cp-Cy =£
(T -Tc) (Te-T,)
34 ©.K L 7 = K, L 0
Klngl + K2€1T2
To=—221"—27132
P] PZ
Vv, ,l v,
35 (©. T, T,
n, n,
Pf Pf
Vl VZ
Tf Tf
n, n,

n; +n,= n'1 + n'2
PV N bV, PV N PV,
RT, RT, RI; RT;

P (Vi +Vy)
PV N P,V,
T T,
PV, +V,y) =PV, +P,V,

As total energy remain conserved
nlfRTl + Il2fRT2 _ 1'1'1 fRT + 1'1'2 fRT
2 2 2 2
PV, +P,V,=PV,+PV,

_TTh, RV +PV;)
P1V1T2 + P2V2T1

T¢

5 5 1
(36) (O). K=EPV=E><8><104 X =5% 1047

ETew
I 203
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45) (D). %Mvz = C AT

do
G7) (B).r=—KA —
dx
MV (y=1) _ (y =D Mv?

In steady state, r = constant | R
2
KA KA KA M2 = AT AT -
%:—T;dGZ—TdX ;9=C—Tx 2 'Y—l AT 2R 2R
(38) (D), (39) (B), (40) (C). 46) (A).
(i) W ,5=PAV=nRAT=2x R x (500—300)=400R N, oo L
' L povo)+ S(2pg) vo +2pgve S 43+2 13
2x105L A R B 2 2 2
i | =15.4%
P10 D c F AL
T @47) (D). =Y :F=aATYS.S0,T=2F;T= 20ATYS
300K
0 t

P
(i) Wpa =2.3nRT log é =(2.302) (2) (R) (300) log 48) (A). @ =k (0-6,) ; j 0_o =
dt 0 0

In (60— 0,) =kt + C. So graph is straight line.

(1x10°)
2X105J =—(2.3)(600R((0.3)=—414R C
1
(i) Wp=(2.3)(2)(R)(500) log2=690R (49) (C).For Istcase, efficiency =mn= Ll - T_J x100
Wep=—400R 2
W, .. =(690—-414)R=276R
total 1_l X100 =40 - T —300
T 500 ;T =300K
(41)  (B). The efficiency of cycleis n=1-—2
T
N . (. 300)
For adiabatic process, TVY™" = constant For 2nd case, 1= Ll _T_) x100 =60
For diatomic gasy="7/5 2
(v, )
L P Y Py
1v1 2Vv2 L V] J 5 2T, 4T,
Po >
Z,l
T,=T,(32)5 =T,(2°)*° =T, x4 S ® 1
. P <
T, =4T, ’ To 2Ty
1 \t 2v, v
n:[l——j:§=0.75 ’ ’
4/ 4 Heat supplied = nC, (2T, — Tg) +nC, (4T¢ ~2T)
(42) (B).AQ=MSAT=100x 1073 x4.184x20=8.4x 103 RT
AQ=84KJ,AW=0 _RTy R oy — Bty = By,
AQ=AV +AW 2 2 2
AV=84LkJ (51) (C). According to Newtons cooling law option (C) is
T, 1 correct
@) @A.nel-2-1_DH_, 1.5
T 6 T 6 6 5R
(52) (B).AUpp=nC (Tg-Ty=1x Y (800—400)=1000R
I, (-6 T-62 2 3= 2
3 T, T 3 T 3 5R
AUg=nC, (T-—Tg)=1x — (600—800)=-500R
5T,-310=4T, 2
6x310 AUtotal =0
T,=310and T, = =372K -
AU, =nC (Ty~Tp)=1x Y (400-600)=-500R
(44) (B).T: anl +H2T2 +H3T3

n1+n2 +1’13

£
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100°C

(53)

dQ, _dQ,  dQs
e dt o dt
0.92(100-T) _ 0.26(T~0) 0.12(T-0)
46 13 12
= T=40°
dQ,  0.92x4 (100 -40)
dt 40

=48cal/s

(54

(35)

y+1

T="7= e(@); TVV T 2k e B)=>1tcV 2

\%
@iV -

(A). Since entropy is a state function, therefore change in
entropy in both the processes should be same.

(56)

_PO
57 P=—2V 43P,
D ©.P=

P
PV=nRT; T= —V +3P0V)

nRL

dT
For T —=0;

—P,
—ov43p =0 v:ivo
max’ qy 2

Vo

1 [-Py9 3
- — —O—VO +3Py =V,
v, 4 2

_ 9PV
4 nR

max

Alternate : Directly by using isotherms we can see
that highest temperature will occur at the midpoint.

1
(58) (D). Time loss per day = Eoc A0 (86400)

%a(40—9)x86400=12

L (0-20)x86400 = 4 ; 40-6 _,
2 0-20

0=25°C;0=1.85x 107 /°C

(59) (A). C=Cy + in

1_
Cp-Cy  _,.Cr=Cv

C—Cv— 5 - C—CV

1-n

i (Cp—Cy)_C-Cy-Cp+Cy
\c—cy C-Cy

(B). If Cp & C, are specific heat capacity per gram

a= Cp - C, =R/2 (for hydrogen)

(As R is per mole of H, i.e. 2 gm of H,)

b= Cp - C, =R/28 (for Nitrogen)

(As R is per mole of N, i.e. 28 gm of N,)
= a=14b
(A). Heat gained by (water + calorimeter)

= Heat lost by copper ball

= 100%0.1 x(75-30)+170x 1 x(75-30)

=100%0.1 x(T-175)
= 450+7650=10(T-75)=T-75=810=T=885°C

_C-GCp
T C-Cy

(60)

(61)

Ko P AV P PV
62) (D). (-AV/V) =V K K
&:VBOL)AT: AT =——
K 3aK
PV PV
—n; =——xNy———N
(63) (C). 'r — N4 RT; 0 RT, 0

(N, = Avogadro’s number )

% 6.02 %102 (L—Lj
300 290

10 %30
07 8314
=-2.5x10%
(64) (C).Change in momentum
of a single molecule.

APO =m0—><2

NG

Total change in momentum
per second

AP =nAP;=n mOu\/E

F nmou\/z
Pressure = —=——"——
A A
Substituting values: P =2.35 x
(A). For mono atomic gas y=5/3
Using TVY~! = constant

103N /m?2.
(65)

300
(2)2/3

300V =T2V)?? = 1= ~189K

AU = n%RAT =2 [% X 8.314] (189-300)
=-2768 =~ -2.7k]

(D). AQucp =AW cg T AU
= 60J=301+AU,cu= AU,.5=30]

(66)

T
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= AUppg =AU, =307
AQapp =AU g+ AW \pp=307+107=40]

Vims (He) My, 40
©67) (D). = =,—=3.16
Vims (A1) Mye 4
L
10 L43rs R pey3LA o
68) (D). X_ﬁxgp Ymﬁ R2 B
R=%
AT=I=120X5.AT _IZOXSXE _@
Req SR - 7PQT ep 5T g
=45°C
dT
(69)  (A). ~ms~-= ecA (T -T7)
dT €A .4 .4 dT  4ecAT;
=Tt 2P0
dt  ms ( 0) dt ms (AT)
T=T,+(T; - Ty e
3 4ecAT]
where k = deoiTy s k=—-—0
ms pvs
dt Tldt| ps
PASA =2000x 8 x 102=16 x 10
Ppsg =4000 x 103 =4 x 10
PASA < PpSp
dT dT
PR > S
dt|y, |dtlg
(70)  (O). Suppose 'm' gram of water evaporates then,heat
required AQreq =mL,
Mass that converts into ice = (150 — m)
So, heat released in this process
AQ,=(150—m) L¢
Now, AQ, = AQreq ; (150 -m) Le=mLy,
_150L¢
m(Le+L)=150L;; M= L+L, =20g
m
GC—>vV
) (©.
vE——0O
m

Magnitude of change in momentum per collision =2mv

Force N (Zmv)
Area 1

Pressure =

(72)

(73)

(74

(75)

(76)

)

Relaxation time (t) o l; TVY~! = constant
JT

(78)

102 x2x107%° x10*
- 1

=2 N/m?

(D). Isochoric — Process d
Isobaric — Process a
Adiabatic slope will be more than isothermal
Isothermal — Process b

Adiabatic — Process ¢

Order >dabc
nl le +H27’Y2R
(B) ) _ nlcPl +n2CP2 _ Yl—l yz—l
-V mixture nlcvl +n2CV2 n R N n,R
yi—-1 yo-1
On rearranging we get
n1+n2 _ nl n2 5 _i+ 2
Ymix—! vi—=1 v2-1"> vYmx-1 1/3 2/3
17 5
=9+3=12 . . =1+ =
’Ymix— ) ymlxture 12 12

(B).P,=1atm, T, =273K

Vl Y 1 1.4
it -nsts 2] ()

BN =B _g57)

Now work done =

Closest ans is 90.5 J

_Ww_,_300_2 3
600. N o 900 35 Qu=5W=1800J

Qp=Q,-W=6001]

60. V=20, +0;=10x100+5x107°
=60x1076/°C

(D).

v+l
LtV 2

(B). Let, Qy; : Heat input to Ist engine
Q_ : Heat rejected from Ist engine
Qp. : Heatrejected from IInd engine
Work done by I8t engine = work done by 11" engine

QH*QL:QL*QL'
ZQL:QH+QL'
Tl T2 . T:u
2:—-}—— ) 2
T T

Eyvs
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)

80

@1

(82)

(83)

M

2

(€)

)

40. M.

ice Lf tmy

e (40-0)C,
steam Lv + Mgieam (100-40) Cw

200 [80 +40 (1)] =m [540 + 60 (1)]
200(120)=m(600)= m=40gm

=m,

Uy

1

Mean free path m 1
L - -t ——
(D). Mean free time Average speed SRT ° VT
™,

(D). x = y = Isobaric ; y = z = Isochoric

7z = X = Isothermal

| W W
(C). Refrigerator cycle is : Q. W+Q_

1__10 =Q_=90J
10 10+Q_

Heat absorbed from the reservoir at lower temperature
is901J.

&mix _ IllCPl +n2CP2
®). ¢, m,Cy, +1,Cy,
c nx($)+2n[B] Cp 19
e ¢ ¢, 13
Cy nx(—] +2n (—] v
2 2
EXERCISE-5

PART- A (THERMAIL EXPANSI AND

CALORIMETRY)
(B).
(1) Rate of heat flow is directly proportional to area.
(i) Inversely proportional to length.

Heat flow will be maximum when r is maximum and /¢
1S minimum.

[ t—LFP ) _( t—LFP ]
©-\urp-LFP/,,, \UFP-LFP/(
39°C-0°C _ t-39°W
= ;t=117°W

100°C—0°  239°W —39°W
(D). Heat gain by water = Heat lost by steam
20x1x(80—10)=mx 540+mx 1 x (100—80)
= 1400=560m=m=25g
Total mass of water=20+2.5=22.5¢g

d; . d; —d; d;
(O). df =—L—; Fractional change = 1.4
1+yAT d; dg

=1-(1+yAT) '=1-(1-yAT)
(1+x)"~1+nx=yAT=5x10"*x40=0.020

®)

©)
Y

O

@

©)]

@

®)

©)

™

@®

(€

D). )= 1 =Ly — 1,
= (1 +oyA)— £ (1+0, A) =1, 1,
lyon = Loy

4L  4x3.4x10°

mgh
——=mL=>h=—+ =136 km
©-= f g 10

D). acy Loy = o Ly
1.7x 1075 x 88cm=2.2x 10 x L,

1.7x 88
La=

T =68 cm

PART- B (KINETIC THEORY OF GASES)

R
D). PV =nRT = v:[%j T = Slope = n?

1
—>—:>P1>P2

As 0, >0, so,
P, B

C
(O Cp—Cy=Rand y == —cy =
\% y-1

1 1 1

B). A = = ; Ao —
kdznx/z 4nr2n\/§ r?

c, g“j R _(1 2)

=_—————m,mm—m— = +_
B). ¥ C. ( E] . :
2
pRT pRT
P= M=

%ZP_A.T_A.P_B:(LS)(l)[l):
P Tp Pa 2

(B). Molecular mass M =4.0g

2
{y RT Mv
Vsound = ij: RT =1.6

So, Cp, =y Cy =1.6x5.0=8.0 JK~! mol!
_[RT_v2_ D
(B)‘ Vrms - M :> Vl Tl
400 _, 400
= =, [—x200ms  =——ms
274300 NG

P kT
B). —=—=p
o) m

AW

_Pm
kT

(©). U= gnRT - Uppal = %(2) RT +%(4) RT =11RT

207
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10) (B). Vescape: 11200 m/s (10) (D). W = Area bound by closed curve
Say at temperature T it attains V cape 1 |
=~ (Ro+3P9) Vo =3P Vo +5(P0 +3Py) Vo —PyVy =0
3kgT
So, ? =11200 m/s £ 5
2 (1)  (A). AU=7nR (Tr-T)= E(vaf -PV)) =-20KJ

On solving, T=8.360 x 10*K

. . . Refrigerators
(11)  (B). Increase in temperature would lead to the increase in

kinetic energy of gas (assuming far as to be ideal) as a = 1000
:gnRT (12) ) qz:9:;/:loj
PART-C (THERMODYNAMICS 90 J heat is absorbed at lower temperature.
1) (A).AS= AQ _ 80x100 293 cal /K (13)  (B). For a complete cycle, Quyije = Weyje

T 273

1
(2)  (A).Initially liquid oxygen will gain the temperature up to 400+100+Qc_, 5= 9 (2107 (4x10%
its boiling temperature then it change its state to gas. _460] 1 460]
After this again its temperature will increase. = Qcoa™ = Qasc™

; - T
A3 (A). In cyclic process, AU =0. 14) (B). COP = T, . 5= : _LT
So, heat absorbed Ty-To H™'L
AQ =W = Areaunder the curve =— (2V) (P) =-2PV 6 6

Ty =Ty =2 (253)=303.6K ~31°C

So, heat rejected = 2PV

“@ (D). 1st process is isothermal expansion.2nd process is
isobaric compression.

(5)  (A). Initial and final condition is same for all process
AU = AU,= AU, ; AQ =AU + AW (1s)
Work done AW, > AW, > AW, (Area of P-V graph) <
sobaric 1
S0AQ, >AQ,>A N
Q1> 8Q,>4Q V2 v
>V
©6)  (A).PocT?:PV=nRT: PV3? = constant = y — P _ 3
’ ’ ’ V= c, 2 Work done on the gas, W, . =0
@) (B). Number of moles in 1g He =1/4 Wadiabatic > Wisothermal > Wisobaric

Amount of heat energy required to raise its 16) (O).T,=4°C=277K; T; =303K, Q,=600cal

temperature from T K to T,K Q T Q+W T

= T W=236.51]/s
T >
N3 3 Q T Q, T,
8 P
8) (C). Net work done = Area of triangle ABC Adiabatic
1 Isothermal
=5 X [(7-2)x 103][(6—2) x 105]=1000]
a7 ®).
(C)) (O). Step-1 : Isothermal expansion, PV =P,2V =P, =P/2
v/2 v \V4

Step - 2 : Adiabatic expansion

3_ . )
P, VY = P3V3Y : B(ZV)SB = Py(l 6V)5/3 (18) (D). PV~ = constant polytropic process with
2

. o n=3; C:CVJFL:LJFL
P(ZV] PX[IJ p I-n y-1 l-n
3:7 e = — —_ p—
216V 2°\8 64 R R
= +——=R
(5/3)-1 1-3

g
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Qb oW @
t,W HyW t; +273
Q=Q+W=-2 SR LR B
(20) (A). Process (I) > volume constant — Isochroic
Process (II) — adiabatic Q)
Process (II1) — Temperature constant — Isothermal
Process (IV) — Pressure constant — Isobaric @
Q _I-m Q 1-0.1
poz-—1 2 101
@D @ W n =79 0.1
=Q,=9x10=901J
(22) (O). Given process is isobaric
5
dQ=nC,dT="n ER dT )
dW=PdV=nRdT
Reduired rafi dw nRdT 2
equired ratio= ——=—F——~—=—
QaZfar 3 0
2
(23) (O).Efficiency of ideal heat engine,
T
n= [1 ——2} ; T, : Sink temperature
T
T, : Source temperature
T
%1 = {1——2J x100 = [1—2) %100
T 373
= [@] x100 = 26.8%
373
24) (B).AQ=AU+AW
54x4.18=AU+1.013 x 10°(167.1 x 107°-0)
AU=208.7]
(25) (B).In adiabatic process, there is no exchange of heat. o
PART - D (HEAT TRANSFER)
1)  (O). Applying wein’s displacement law,
A, T = constant
5000 A x (1227 +273) ®
=(2227+273)x ™\,
_ 5000 x 1500 _3000A
m 2500

(C). Power radiated by the sun at t°C
=0 (t+273)* x 42

Power received by a unit surface

o (t+273)*4mr?  rPo(t+273)*
- 47R2 - R?
(A). According to Stefan’s law
E oc T4 oc (727 +273)* K o (1000)* K

(C). For a rod of length L and area of cross-section A
whose faces are maintained at temperatures T and
T, respectively. Then in steady state the rate of heat
flowing from one face to the other face in time t is

dQ _kA(T -Ty)

ven by 2
given by ~° L

_ o4 22 _ =16
(B).E=cT4, 500

1}25? :[%\4 _(1000]4 B

T,=500K, T,=1000K
E,=16 x7=112 cal/lcm’s

®. Q:KA(TLrTz)

Area of cross-section of new rod

2 2
RV aR2 A
A'=n[;j =22 )

Volume=AL=A'L', where L'is the length the new rod

A
or L'=L— =41

N (i)
Q =w ..... (iv)
We get Q' = KA/4) (T -TH)t

4L

_1KA(M-T)t 1

16 L 16Q

(A). Radiant power per unit area received at a distance R
from the centre of a star is

P 4u’oT! or’T?

S = =
4nR?  4nR2 R?

(A). Rate of heat given by steam
= Rate of heat taken by ice

dQ _KA(100-0) _ dL
dt ] T dt

B
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(C)
(10

(11

(12)

(13)

(14

Bt 4 ice 0°C

A=036m"

100°C (steam)

Kx100x0.36  4.8x3.36x10°
0.1  60x60

K=1.24J/m/s/°C
(D). Q=ecAT*;e=1; A=4nR?
(O). 1, T=b, Wien's displacement law.

(A). Newtons law of cooling

91—92 :K|:91+62 —60:|

At 2
70-60
First = =K[65-0g]
= 2=K[65-0] (1)
60—54
Next= —— = K[57-60] ...

Dividing eq. (1) and (2)

56575 ;285 -50,=195-30,
3 57-0,

= 20,=90 = 0,=45°
(A). P — maximum intensity is at violet
= A, is minimum = temperature maximum

R — maximum intensity is at green

U

km 1s moderate

U

temperature moderate

Q — maximum intensity is at red

= A, is maximum => temperature minimum
Tp>Tr>Tq

(O). As the temperature difference as well as the thermal

resistance is same for both the cases, so thermal
current will also be same for both the cases.

c 9
(B). gl fz
R =R;*R,
20 )4 l _ 20152

= + = Geq =
Gqu GIA GzA (&3] + (9]

15

(16)

)

(18)

19

20

(D). T, =5760K, A, T=2.88 x 10°nmK

_ 2.88x% 10°nmK

m 5760 K =500 nm

A, = Wavelength corresponding to maximum energy
(B). Loss of heat by hot body=Gain of heat by cold body
TCIAGI = T02A92
T, > T, = A6 <Ab,
(B). AT = AT e 5 T = 2T (10min)

1T
AT'=2T —A (20min) — 2T [_) =—
© 2) 2

T 3T
So, Tf:T+—=3—
2 2

(D). In parallel ! = L +
R 1

€q

€
R,
Keq (2A) _ K]A i K2A

l l L

K +K,

Keq 2

P (V)

214 b S i
(©).PcrT* = P erJ T,
P, =1800 watt

(A). We know, AT = constant (Wien's law)

> “'max

So, }“maxl T = }“maszZ
3A
AT="2T = T _dp
4 3

P_z_(zj“_[i]“_@
So. 5 "t/ “\3) a1

B
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