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Chapter Summary

Calorimetry

A branch of science which deals with the
measurement of temperature of a substance is known
as calorimetry.

Temperature

Temperature is defined as the degree of hotness or
coldness of a body. The natural flow of heat is from
higher temperature to lower temperature.

Two bodies are said to be in thermal equilibrium
with each other, when no heat flows from one body
to the other. That is when both the bodies are at the
same temperature.

Temperature is one of the seven fundamental
quantities with dimension [K].

It is a scalar physical quantity with S.I. unit Kelvin.
Normal temperature of human body is 310. 15 K

(37°C =98.6°F)

NTP or STP implies 273.15K (0°C = 32°F)
Temperature Scales

Boiling _| _2_:L_2_°_F_ _________

water

Freezing __ _?’_25’_: ...........

water
Fahrenheit Celsius Kelvin
SR -MP
—— = Constant for all scales
BP —MP

where,

SR is the Scale Reading
MP is the Melting point of Water
BP is the Boiling point of Water
All these temperatures are related to each other by
the following relationship

C-0 F-32  K-27315

100 212-32 373.15-273.15

Heat Exchange
The form of energy which is exchanged among
various bodies or system on account of temperature
difference is defined as heat.
Itis a scalar quantity. It's units are joule, erg, cal, kcal
etc.

1 calorie =4.18 J

Thermal Prop. of Matter

Specific Heat Capacity (S)
The amount of heat required to raise the temperature
of aunit mass by 1°C is called Specific heat capacity.
Q =mSAT
Sl unit is Unit is J/kg®C
Other commonly used unit is Cal/g°C
Sice = 0.5 Cal/g°C
Swater = 1.0 Cal/g°C
Svapor = 2.0 Cal/g°C
Heat Capacity (C)
The amount of heat required to raise the temperature
by 1°C is called Specific heat capacity.
Q=CAT
Sl unit is Unit is J/°C
Other commonly used unit is Cal/°C
Latent Heat (L)
The amount of heat required to raise the temperature
by 1°C is called Specific heat capacity.
Q=mL
Sl unit is Unit is J/kg
Other commonly used unit is Cal/gram
L. =L, =80cal / gm=~60kJ / mol
~ 336kilo joule / kg

L, = Ly, =540cal / gm = 40.8kJ / mol
~ 2260Kkilo joule / kg

Principle of Calorimetry

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 releases heat while body at lower
temperature absorbs it, so that

QLost = QGain

Thermal Expansion

When matter is heated without any change in it’s
state, it usually expands. As with rise in temperature
the amplitude of vibration and hence energy of atoms
increases, hence the average distance between the
atoms increases. So the matter as a whole expands.
Linear Expansion: When a solid is heated and it's
length increases, then the expansion is called linear

—lb— ——— LtAl=l ——>

(A) Before heating (B) After heating
expansion.
Change in length A L = LoaAT

(Lo = Original length, AT = Temperature change)

Explore more at www.ph
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Thermal Prop. of Matter

Final length L’ = Lo (1 + aAT)
where « Co-efficient of linear expansion
Superficial (Areal) Expansion: When the
temperature of a 2D object is changed, it's area
changes, then the expansion is called superficial
expansion.
Change in area is AA = AgSAT
(Ao = Original area, AT = Temperature change)
Final area A = Ao(1 + SAT)
where, Sis the co-efficient of superficial expansion
S=20. (only for solids)
Volume or Cubical Expansion: When a solid is
heated and it's volume increases, then the expansion
is called volume or cubical expansion.

Change in volume is AV =V AT

(Vo = Original volume, AT = change in temperature)
Final volume V =V, (1+AT)

y is the volume co-efficient of expansion
¥ =3a (only for solids)

Application of Thermal Expansion in Solids

(1) Bi-metallic strip: Two strips of equal lengths but
of different materials (different coefficient of linear
expansion) when join together, it is called “bi-
metallic strip”, and can be used in thermostat to
break or make electrical contact. This strip has the
characteristic property of bending on heating due to
unequal linear expansion of the two metal. The strip
will bend with metal of greater « on outer side i.e.
convex side.

f
Steel ‘ |_~Brass

Room temperature Higher temperature

(A) (8)
[T=| on [Tpal OF
Bimetallic
@ strip
At room temperature At high temperature
(€ (D)

(2) Effect of temperature on the time period of a
simple pendulum : A pendulum clock keeps proper
time at temperature &. If temperature is increased to
6'(>6) then due to linear expansion, length of

pendulum and hence its time period will increase.

Fractional change in time period AT—T = %aAH

Explore more at www.ph

(i) Due to increment in its time period, a pendulum
clock becomes slow in summer and will lose time.

Loss of time in a time period AT =%a AOT

(i) Time lost by the clock in a day (t = 86400 sec)
At =%a AOt =%a A6 (86400) = 43200 A6 sec
(iii) The clock will lose time i.e. will become slow if
6'>6 (in summer) and will gain time i.e. will
become fast if &' <@ (in winter).
(3) Thermal stress in a rigidly fixed rod : When a
rod whose ends are rigidly fixed such as to prevent
expansion or contraction, undergoes a change in
temperature, due to thermal expansion or
contraction, a compressive or tensile stress is
developed in it. Due to this thermal stress the rod will
exert a large force on the supports. If the change in
temperature of a rod of length L is A& then

rd 7 £ 5

(A) Heating (B) Cooling

Thermal strain = A—LL =aAl@

i L Aé@
So, Thermal stress =Y aA@
AsY = stre.ss}
strain

Or, Force on the supports F =YAax AG

(4) Error in scale reading due to expansion or
contraction : If a scale gives correct reading at
temperature 6, at temperature 6'(>8) due to linear
expansion of scale, the scale will expand and scale
reading will be lesser than true value so that,

True value = Scale reading [1+ « (8’ - 0)]

ie. TV =SR[1+a Af] with AG=(6"-6)

0 a SR

at ¢ at9’> 6 at@’< o

However, if 8’ <@, due to contraction of scale, scale
reading will be more than true value, so true value
will be lesser than scale reading and will still be
given by above equation with A@=(6"-6)
negative.
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Variation of Density with Temperature
p'=pl-yAT)

Heat Transfer

Heat energy transfers from a body at higher

temperature to a body at lower temperature. The

transfer of heat from one body to another may take

place by one of the following modes.

Heat Conduction

The process of transmission of heat energy in which

the heat is transferred from one particle to other

particle without dislocation of the particle from their

equilibrium position is called conduction.

Law of Thermal conductivity : Consider a rod of

length | and area of cross-section A whose faces are

maintained at temperature 6 and & respectively.

The curved surface of rod is kept insulated from

surrounding to avoid leakage of heat

6 6
i )
! I !

. dQ do
by =— = —KA—=
dt dx

Thermal Conductivity (K) It is the measure of the
ability of a substance to conduct heat through it.
Its Units are: Cal/cm-sec °C (in C.G.S.), kcal/m-sec-
K (in M.K.S.) and W/m- K (in S.1.)
Thermal resistance (Ri) The thermal resistance of
a body is a measure of its opposition to the flow of
heat through it.
I

Ry = KA
Combination of Metallic Rods
(1) Series combination : Let n slabs each of cross-
sectional area A, lengths |I,lI,,1;,....1. and

conductivities K, K,,K,.....K  respectively be

n
connected in the series
6, 6 65 h-1 6

K1 K> Kn

— L —|<— L —>|

Equivalent thermal Resistance :

Equivalent thermal conductivity

Explore more at www.ph
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= K, - L+ +.]
LU I
Kl KZ Kn
(@ For n slabs of equal length
n
K 1 1 1 1
s vt st SHU —
Kl KZ K3 Kn
2K.K
(b) For two slabs of equal length, K, = —-2
K, +K,

Parallel Combination: Let n slabs each of length |,

areas A,A, A,....A, and thermal conductivities

K, K,,K;,....K, are connected in parallel then
g<— I— 6

Al

K1
K>

: A
e 5

Equivalent Resistance :

1 1 1 1 1
+

R, R R, R R

RlRZ

For two slabs R, =
R +R,

Heat Convection

Mode of transfer of heat by means of migration of
material particles of medium is called convection. It
is of two types.

Heat Radiation

Radiation is the process by which heat is
transmitted from one place to another without
heating and transferring the intervening medium.
Properties of Thermal Radiation

1. The energy radiated due to its higher temp is
called thermal radiation.

2. Wavelength of thermal radiation (Ar) ranges from
(4x10*mto8x 107" m)

3. All objects above 0 Kelvin radiates thermal
energy continuously.

4. Thermal Radiation can be transferred via vacuum
also.

5. It follows straight line path and obeys laws of
refraction & reflection.

6. Velocity of all thermal radiation is the speed of
light in vacuum

Vih rad = C =3 x 108 m/s
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7. Intensity of thermal radiation is | ociz
r

8. It doesn’t affect medium in which it travels.
Important Terms Related to Thermal Radiation
When thermal radiations (Q) fall on a body, they are
partly reflected, partly absorbed and partly
transmitted.

Absorptive of surface (a)

Qabsorbed — %

a=

Qtotal Q

Reflectance of Surface (r)
_ Qreflected _ &

Qtotal Q
Transmittance of surface (t)
t= Qtransmitted — %

Qtotal Q

Q,
— *Q
Q,
Q,
atr+t=1

Different bodies

(i) Ifa =t=0and r =1 — body is perfect reflector
(i) Ifr=t=0and a =1 — body is perfectly black
body

@iii) If, a=r=0and t =1 — body is perfect
transmitter

(iv) Ift =0 = r+a=1lora=1-r i.e. good
reflectors are bad absorbers.

Black Body

A body that absorbs all the radiation falling on it is
called a blackbody. A perfect black body neither
reflects nor transmits any radiation.

A perfect blackbody, absorbing 100% of the
radiation falling on it, is only an ideal concept.
Among the materials, lampblack is close to a
blackbody. It reflects only about 1% of the radiation
falling on it.

When perfectly black body is heated to suitable
high temperature, it emits all type of radiations of
all possible wavelengths.

Example: sun, the stars

Emissive Power

Thermal Prop. of Matter

It is defined as the total amount of thermal energy
emitted per unit time, per unit area of the body for all
possible wavelengths.

_Q
tA

SI Unit : ‘]20“'9 rW""Ztt
m- x Sec m

Absorptive Power (a)

Absorptive power of a body is defined as the
fraction of the incident radiation that is absorbed by
the body.

It is denoted by a.

Q,
Qr

It is Unitless & dimension less quantity

As all the radiation incident on a blackbody is
absorbed, the absorptive power of a blackbody is
unity.

Emissivity (&) : Emissivity of a body at a given
temperature is defined as the ratio of the total
emissive power of the body (e) to the total emissive
power of a perfect black body (E) at that temperature

a=

e=—
EB

E = Emission power of any body

Es = Emission power of black body

(i) For perfectly black body =1

(ii) For highly polished body £=0

(iii) But for practical bodies emissivity (&) lies

between zero and one (0 < £<1).

Kirchhoff’s Law

According to this law the ratio of emissive power to

absorptive power is same for all surfaces at the same

temperature and is equal to the emissive power of a

perfectly black body at that temperature.

e E
Hence 2 =% (—j
ai a2 a Perfectly black body
Ebody -E
— ™blackbody
abody

But for perfectly black body a=1 i.e. £_ E
a

Kirchhoff’s law tells that if a body has high
emissive power, it should also have high absorptive
power to have the ratio E/a same.

Similarly, a body having low emissive power
should have low absorptive power.

Good emitters are also a good absorber

Explore more at www.ph
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Stefan's Law
According to it the radiant energy emitted by a
perfectly black body per unit area per sec (i.e.
emissive power of black body) is directly
proportional to the fourth power of its absolute
temperature,
ie. E OCT4 = Eg= O'T4
where ois a constant called Stefan’s constant having
value5.67 x10°W / m*K*
For any other body,
E =¢eoT?
Stefan’s Boltzmann’s Law
If an ordinary body at temperature T is surrounded
by a body at temperature To, then this law may be put
as
Net Heat Radiated per unit time per unit area
% = €G(T4 —T04)
Newton's Law of Cooling
It states that the rate of cooling of the body is
directly proportional to the temperature difference
between body and the surrounding, provided it to be
small. AT << T,
dT
at -k (T -To )
where,
T = Temperature of a body
To = Surrounding temperature
t=Time
k = constant
Average form of Newton's Law of Cooling

LT [Tt
t 2 0

Where, Ty is the surrounding temperature

And the body cools down from Ty to Tz in time t
Wien's Displacement Law

According to Wien's law the product of wavelength
corresponding to maximum intensity of radiation
and temperature of body (in Kelvin) is constant, i.e.

A, T =b = constant

where b is Wien's constant and has value
2.89x10°m-K .

Explore more at www.ph

sun

Intensity

f

m

v

o ', : :

Wavelength
As the temperature of the body increases, the
wavelength at which the spectral intensity (Ej) is
maximum shifts towards left.

Therefore, it is also called Wien's displacement law.

T <T, <T;

intensity (arbitary units)

I,

3000K

T T T T T
0 500 ;. M1000 1500 2000 2500 3000
sy

wavelength (nm)

Beginner Temperature Scales

1. Absolute zero (0 K) is that temperature at
which
(a) Matter ceases to exist
(b) Ice melts and water freezes
(c) Volume and pressure of a gas becomes zero
(d) None of these

Solution:
The correct answer is C.
Absolute zero is characterised by no atomic
motion.
Both Charles’ law and the pressure law lead to an
extrapolation back to zero volume or pressure
which would imply the temperature scale can go
no further. For all gases, absolute zero is the same
and although clearly the would no longer be a gas
there, this is an important implication.

2. Oxygen boils at — 183°C. This temperature is
approximately

(a) 215°F (b) — 297°F
() 329°F (d) 361°F
Solution:

The answer is B.
—-183 -0 F—32

100 180
= F = —329.4 + 32 = —297 4°F
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3. The temperature on Celsius scale is 25°C.

What is the corresponding temperature on the

Fahrenheit scale?

(a) 40°F (b) 77°F
(c) 50°F (d) 45°F
Solution:

The correct answer is B.

The formula to convert Celsius to Fahrenheit is

given
by°F=°C><(§)+32

F=[Cx(§)+32]

Given that,C = 25
9

F=25x% (§> + 32
F =45+ 32
F =77
Thus, 25°C is equivalent to 77°F

4. If a graph is plotted between temperature of a
body on degree Celsius (along y-axis) and
degree Fahrenheit [along x-axis] at different
temperatures, then the slope of the graph will
be:

5 9

(a) 9 (b) 5

3 5

(© 5 (d) 3
Solution:

The relation between degree Celsius and degree
Fahrenheit is,

5
C=(F-32)-
(F-32);

C - along y-axis

F - along x-axis
5
=(x-32)=
y=(x-32)g

_5x _32x5
9 9

y-mx + ¢ .. equation of straight line On comparing we
get,

5
Slope =m=—
P 9

5. The temperature of a body is raised from
20°C to 45°C. The rise in temperature of the
body in the Fahrenheit scale is

(a) 25°F (b) 77°F

(c) 45°F (d) 207°F
Solution:

As we know,

Thermal Prop. of Matter

Fo32+2c
5
AF=2ac
5

AC = 45° - 20° = 25°C
9
AF == x25=45°F

6. The readings of a bath on Celsius and
Fahrenheit thermometers are in the ratio of 2:
5. The temperature of the bath is:
(a) —26.66°C (b) 40°C
(c) 45.71°C (d) 26.66°C

Solution:

Now we know

5
C=—-|F-32

0.4F = S[F—32]

F=114.28°F

C=45.71°C

7. Recently, the phenomenon of
superconductivity has been observed at 95 K.
This temperature is nearly equal to

(a) — 288°F (b) — 146°F
(c) — 368°F (d) +178°F
Solution:

The answer is A.
Use the formula
C—O_K—273_F—32
100 100 180
95 — 273 _ F —32
100 180
= F =-320 + 32 = —288°F
8. The absolute zero temperature in Fahrenheit
scale is

(a) - 273°F (b) — 32°F
(c) — 460°F (d) - 132°F
Solution:

The correct answer is C.
Absolute temperature in Celsius is —273.15°C

F—9€+32
5

9
F = ¢ X (~273.15) + 32 = —459.67°F

= —460°F
Hence, absolute temperature is in Fahrenheit.

Explore more at www.ph
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9. The temperature of a substance increases by
27°C. On the Kelvin scale this increase is

equal to

(a) 300 K (b) 2.46 K

()27 K (d)7K
Solution:

The answer is C.
Temperature increases by 27°C on Kelvin scale
increment will be same. Hence value of increase
is 27K

10. At what temperature the centigrade (Celsius)
and Fahrenheit, readings are the same

(a) —40° (b) + 40°
(c) 36.6° (d)-37°
Solution:

The correct answer is A.

Rather than converting one temperature to another
(which is not helpful because it assumes you
already know the answer), you can set degrees
Celsius and degrees Fahrenheit equal to each other
using the conversion formula between the two
scales:

9
°F=(°C><§)+32

5
o —_ OF— 2 —_
C=( 3)><9

It does not matter which equation you use; simply
use x instead of degrees Celsius and
Fahrenheit.You can solve this problem by solving
for x:

5
C—gX(F—32)
—Sx( 32)
x—§ X —

5
X = (a)x —17.778

5
1x — (6) x =-17.778

0.444x = —17.778
x = —40 degrees Celsius or Fahrenheit

Working using the other equation, you get the
same answer:

9
°F=(°CX§>+32

° (° ><9>—32
X X 5 =

d ox =32
57 X7

32 %
Opr — X —
x 4

Explore more at www.ph
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x = —40°

Expert Temperature Scales

1. On centigrade scale the temperature of a body
increases by 30 degrees. The increase in
temperature on Fahrenheit scale is

(a) 50° (b) 40°
(c) 30° (d) 54°
Solution:

The correct answer is D
9
F = < C+32
So,F, = gcl +32&F, = gcz +32

9 9
F1 - F2 = g(Cl - Cz) = §(30) = 54‘0F

2. On a new scale of temperature (which is
linear) and called the W scale, the freezing
and boiling points of water are 39°W and
39°W respectively. What will be the
temperature on the new scale, corresponding
39°C on the Celsius scale?

(a) 78°W (b) 117°W
(c) 200°W (d) 139°W
Solution:

In general, whenever we are to go from any known
scale to any unknown scale, then we follow the
equation

(Temperature on known scale)— ( LFP for known scale)

(UFP—LFP),
_ (Temperature on unknown scale) — (LFP for unknown scale)
- (UFP-LFP)
. 39-0 _ t-39
100-0 239-39

Or, t=117°W
Note : LFP — Lower fixed point
UFP — Upper fixed point

Alternative
o New scale
100°C 239°W
100)divisions 200}divisions
ODC 39(3“;

5.39°C =39x2+39 =(78+39)°W = 117°W

3. In a new temperature scale, freezing point of
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water is given a value 10x and boiling point of
water is 90x. Reading of new temperature
scale for a temperature equal to 10°C is

(a) 14x (b) 16x
(c) 18x (d) 12x
Solution:

T,-0  T'-10x
100-0  90x —10x

L _ T'10x
100  80x
L _ T'10x
5 4x
AT, - 5T '-50x
X
4x10x =5T'-50x
T'=18x

4. The temperature of a body on Kelvin scale is
found to be x K. When it is measured by
Fahrenheit thermometer, it is found to be x°F,
then the value of x is

(a) 40 (b) 313
(c) 574.25 (d) 301.25
Solution:

The answer is C.
Relation between Kelvin and fahrenheit is given
by

9
F =2 (K—273) +32

9
X = (X—273) +32

= X =574.25

5. A centigrade and a Fahrenheit thermometer
are dipped in boiling water. The water
temperature is lowered until the Fahrenheit
thermometer registers 140°. What is the fall in
temperature as registered by the Centigrade
thermometer?

(a) 30° (b) 40°
(c) 60° (d) 80°
Solution:

The answer is B.

From the formula
C _ 140-32 _ 108
5 9 9
C=60 °C
Since, the temperature of boiling water is 100 °C
So, fall of temperature in °C is 100 — 60 = 40°C

6. If a thermometer reads freezing point of water

Explore more at www.ph
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as 20°C and boiling point as 150°C, then what
will the thermometer read when the actual
temperature is 60°C?

(a) 98°C (b) 110°C
(c) 40°C (d) 60°C
Solution:

The answer is A.
We let the unknown degree scale be called x°
Now we know that the freezing point = 20°x
The boiling point = 150°x
This also means that 20°x = 0°C (.-
ON A Celsius Scale, the freezing point is 0°)
And
150°x = 100°C (- on a Celsius Scale 100°
—0° = 100°)
So, if 100°C = 130°x
Then 1°C = 1.3%x
To go from C degree to x, we need to use:
x =13C + 20
(x —20)
1.3
So if the temperature given is 60°C, then we
calculate x as:

And C =

x —20
oo (x=20)
1.3
(x —20)
=60 = ———
1.3
=>60x13=x-20
=78 =x—-20
= x =98°
So 60°C will be equal to 98°
Beginner Calorimetry

1. When vapour condenses into liquid
(a) It absorbs heat
(b) It liberates heat
(c) Its temperature increases
(d) Its temperature decreases
Solution:
The answer is B.
It liberates heat.
When vapour condenses to a liquid, heat is
released.
2. The Sl unit of mechanical equivalent of heat is
(a) joule x calorie  (b) joule/calorie
(c) calorie x erg (d) erg/calorie
Solution:
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The correct answer is B.

The mechanical equivalent of heat implies that
motion and heat are interchangeable and that a
defined amount of work generates the same
amount of heat in all situations if the work is
completely converted to heat energy. The
mathematical expression for the mechanical
equivalent of heat is,

w
J==

q
Where

w = The amount of heat required to generate heat
g = Amount of heat

Sl unit of mechanical equivalent

The Sl unit of mechanical equivalent of heat is
Joules/calorie.

3. If specific heat of a substance is infinite, it
means
(a) Heat is given out
(b) Heat is taken in
(c) No change in temperature takes place
whether heat is taken in or given out
(d) All of the above

Solution:

The answer is C.

Specific heat of a substance at infinity means heat
is taken in or given out and no change takes place
in the temperature of substance.

4. The quantity of heat required to change unit
mass of a substance, from solid state to liquid
state, at constant temperature, is known as
(a) Latent heat (b) Sublimation
(c) Hoar frost (d) Latent heat of fusion

Solution:

The answer is D.

During fusion of solid into liquid some energy is
used up to transform the state of matter from solid
to liquid. Since it does not increase the kinetic
eneygy of particles, there is no increase in the
temperature of the material. So, phase
transformation  takes place at constant
temperature.

5. 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

Solution:
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The correct answer is A.

The energy required to completely separate the
molecules, moving from liquid to gas is much
greater than if you were just to reduce their
separation, solid to liquid. Hence, the reason why
the heat of vaporisation is greater than the latent
heat of fusion.

. 4200 J of work is required for

(a) Increasing the temperature of 10 gm of
water through 10°C

(b) Increasing the temperature of 100 gm of
water through 10°C

(c) Increasing the temperature of 1 kg of
water through 10°C

(d) Increasing the temperature of 10 kg of
water through 10°C

Solution:

The correct answer is B.

4200 =m x 4.2 X AT

1000 = mAT

Mass should be in gram and temp on °C .As per
the data in option (B) we will get mAT = 1000.
Increasing the temperature of 100gm of water
through 10°C

7. Find the final temperature of the mixture.

Tf =
10°C 50°C 80°C

Water | == | Water | <= Water

50g 20g 10g

Solution:

So,
(TF —10)+ 20(TF —50)+1O(TF —80)20

=80T -2300=0

=T =107 5¢
80

_ 2300 _ 230

F7 80 8

. How much heat energy is gained when 5 kg of

water at 20°C is brought to its boiling point?
(Specific heat of water = 4.2 kJ kg™'C™?)

(a) 1680 kJ (b) 1700 kJ

(c) 1720 kJ (d) 1740 kJ
Solution:

The correct answer is A.

Q = mcAb

=5 X (1000 x 4.2) x (100 — 20)

= 1680 x 103%]

= 1680K]J
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9. Heat required to convert one gram of ice at
0°C into steam at 100°C is (given Liusiom = 80
cal/g, Sw=1callg C?, Lsteam = 536 cal/gm)
(a) 100 calorie (b) 0.01 Kkilocalorie
(c) 716 calorie (d) 1 kilocalorie

Solution:

The correct answer is C.

Q, = (mL,) b b
Water at 0°C

Q, =mCAd

) (Q.=mLv)

Water at 100°C
Steam at 100°C

=01 +02+0Qs3
=1x80+1x1x(100—0)+1x536
= 716 cal
10. A lead bullet of 10 g travelling at 300 m/s

strikes against a block of wood and comes to
rest. Assuming 50% of heat is absorbed by
the bullet, the increase in its temperature is
(Specific heat of lead = 150J/kg K)

(a) 100°C (b) 125°C
(c) 150°C (d) 200°C
Solution:

The correct answer is C.
Since specific heat of lead is given in Joules,
hence use W = Q instead of

Q = m.c.A8
_1 1 2
Q—Zx(zmv)
AH—UZ— (300)2 = 150°C
" 4c 4x150

11. What will be the final temperature if 50 g of

water at 0°C is added to 250 g of water at
90°C?

(a) 15°C (b) 30°C
(c) 45°C (d) 75°C
Solution:

Correct option is D

Heat lost by hot body = heat gained by cold
body

250 X 1x[90—-60] =50 %x1x (8 —0°)
5[90-0] =6

450 = 60
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9—450—75°C
===

12. The heat capacity of a body depends on
(a) the heat given
(b) the temperature raised
(c) the mass of the body
(d) the material of the body
Correct option is C and D.

Heat capacity of a body depends on mass of the
body and type of material it is made up of.

13. A bullet of mass 5 g, travelling with a speed
of 210 m/s, strikes a fixed wooden target. One
half of its kinetics energy is converted into
heat in the bullet while the other half is
converted into heat in the wood. The rise of
temperature of the bullet if the specific heat
of its material is 0.030 cal (g —°C)(1 cal = 4.2
x 107 ergs) close to: (a) 87.5°C
(b) 83.3°C
(c) 119.2°C
(d) 38.4°C

Solution:

(a)According to question, one half of its kinetic

energy is converted into heat in the wood.

lmv2 Ve MSAT

2 2

_ v _ 210x210 _g75°C
4xs 4x4.2x0.3x1000

14. When 100 g of a liquid A at 100°C is added to
50 g of a liquid B at temperature 75°C, the
temperature of the mixture becomes 90°C.
The temperature of the mixture, if 100 g of
liquid A at 100°C is added to 50 g of liquid B
at 50°C, will be:

(a) 85°C (b) 60°C
(c) 80°C (d) 70°C
Solution:

(c) Heat loss = Heat gain = mSAQ

S0, MaSAAOA = MgSeAOs

100 x Sa % (100 —90) =50 x Sg x (90 — 75)
ZSA = 1.583

S, = %SB

Now, 100 x Sa x (100 — 0) =50 x Sg x (6 — 50)

2% 3 x(100-0)=(60-50
3 Jxa00-0)~(0-50)

300-36=26-100
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400 =50
06=280°C
15. In an experiment a sphere of aluminium of
mass 0.20 kg is heated upto 150°C.
Immediately, it is put into water of volume
150 cc at 27°C kept in a calorimeter of water
equivalent to 0.025 kg. Final temperature of
the system is 40°C. The specific heat of
aluminium is : (take 4.2 Joule = 1 calorie)
(a) 378 J/kg—°C  (b) 315J/kg —°C
(c) 476J/kg — °C (d) 434 J/kg - °C
Solution:

(d)According to principle of calorimetry,
Qgiven = Qused
0.2 xS x (150 -40) =150 x 1 x (40 — 27) + 25
x (40 - 27)
0.2xSx110=150 % 13 +25x 13
Specific heat of aluminium

_13x25x7

~0.2x110
=434 J/kg-°C

Expert Calorimetry

1. An electric heater supplies 1.8 kW of power in
the form of heat to a tank of water. How long
will it take to heat the 200 kg of water in the
tank from 10 to 70°C? Assume heat losses to
the surroundings to be negligible.

(@) 1.75h (b) 7.75 h
(b)4.75h (d)5.75h
Solution:

Correct option is B.

The heat added to tank AQ = power X time
AQ =1.8x 103 x t(J) — — — —(i)

The heat absorbed in water

AQ = mcAQ = mcAT = 200 X 103 x 1 X 60

=12 x 10°cal
=12 x 10° x 4.2]
Hence,
_12><106><4.2_ .
=—{sex10? 2.78 X 10*s = 7.75h
2. The water equivalent of a copper calorimeter
is 4.5 gm.

If the specific heat of copper is .09 cal/gm/°C
(a) mass of the calorimeter is .5 kg

(b) thermal capacity of the calorimeter is 4.5
cal/°C

(c) Heat required to raise the temperature of
the calorimeter by 8°C will be 36 cal
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(d) heat required to melt 15 gm of ice placed
in the calorimeter will be 1200 cal

Solution:
B thermal capacity of the calorimeter is
4.5 cal°C™?
C heat required to raise the temperature of the
calorimeter by 8°C will be 36 cal.
D heat required to melt 15 gm of ice placed in
the calorimeter will be 1200 cal

W_(mS):45_mXO.O9
—\s, T

_ 45

~0.09
(b) Thermal capacity = ms
=45x1cal°’C!=45cal°C™?
(c) Q = msAT = 4.5 x 8 cal = 36 cal
(d)Q =mL =15 x 80 = 1200 cal

3. A copper ball of mass 100 gmis ata
temperature T. It is dropped in a copper
calorimeter of mass 100 gm, 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

am = 50g = 0.05 kg

(a)1250°C (b) 825°C
(c) 800°C (d) 885°C
Solution:

(d) According to principle of calorimetry,
Heat lost = Heat gain
100 x 0.1(T—75) =100 x 0.1 x 45+ 170 x 1 x 45
10T — 750 = 450 + 7650 = 8100
T-75=810=885°C

4. The quantities of heat required to raise the
temperature of two solid copper spheres of
radii ry and r; (r1 = 1.5r;) through 1K are in
the ratio

9 3
(a) 1 (b) 5
5 27
(©) 3 (d) 5
Solution:

(d) Since, heat required, Q = mcAT
= (%EI’B -pj CAT

[ m= Vsphere P]
Since, 7, p, ¢ and T are constants.

3
3 Ql_rl
Qocr’or —=—
2 r2
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3 3
(n) _ 1.5r, _g
r, r, 8

Hence, correct option is (d).

5. 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
(b) more than 50°C
(c) less than 50°C but greater than 0°C
(d)0°C

Solution:

(b) Heat lost by Ist body = heat gained by lind
body. Body at 100°C temperature has greater
heat capacity than body at 0°C so final
temperature will be closer to 100°C. So, T, > 50°
C.

6. 50 gm of copper is heated to increase its
temperature by 10°C. If the same quantity of
heat is given to 10 gm of water , then the rise
in its temperature is (Specific heat of copper =
420 Joule-kg™ °C™)

(a) 5°C (b) 6°C
(cp7°C (d) 8°C
Solution:

The answer is A.
Heat absorbed by copper = heat absorbed by water
Heat absorbed
= mass X specific heat
X temperature difference
= 50 %042 X 10 = 10 x 4.2 X AT
= AT = 5°C

Pro Calorimetry

1. 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

(@3:2 (b)2:3
©1:1 (d)4:3
Solution:

The answer is C.

Let specific heat of A and B be C,and Cp,
respectively.

Also there masses are m and final temperature
t = 28°C

Heat released by A = heat absorbed by B
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= mC,(32 — t) = mCp(t — 24)
c, 4

4
Thus required ratiois 1 : 1

2. A liquid of mass m and specific heat c is
heated to a temperature 2T. Another liquid of
mass m/2 and specific heat 2c is heated to a
temperature T. If these two liquids are mixed,
the resulting temperature of the mixture is

= 2 =
Cp

@) (213)T (b) (8/5)T
(c) (3/5)T (d) (3/2)T
Solution:

The answer is D.

myc,60, + myc,0,
Hmin =

mycy + mycy

m><cx2T+%(Zc)T 3

m.c+%(26) 2

3. How many grams of a liquid of relative
specific heat 0.2 at a temperature 40°C must
be mixed with 100 gm of a liquid of relative
specific heat of 0.5 at a temperature 20°C, so
that the final temperature of the mixture
becomes 32°C

(@) 1759 (b) 300 ¢
(c)295¢ (d)375¢g
Solution:

The correct answer is D.

Temperature of mixture 6
_ M6, +myc,0,

mqicqy +my0,

my X 0.2 X404 100 x 0.5 x 20

B m; X 0.2+ 100 x 0.5
= my =375 gm

4. A vessel contains 110 g of water. The heat
capacity of the vessel is equal to 10 g of water.
The initial temperature of water in vessel is
10°C. If 220 g of hot water at 70°C is poured
into the vessel, then the final temperature of
mixture (neglecting radiation loss ) will be

= 32

(@) 70°C (b) 80°C
(c) 60°C (d) 50°C
Solution:

The correct answer is D
Let the final temperature of water be 6
Heat taken = Heat given
Heat Q = mcAf8

110 x 1(6 — 10) + 10(6 — 10) = 220 x
1(70 - 6)
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= 0 = 48.8°C = 50°C

5. A liquid of mass M and specific heat S is at a
temperature 2t. If another liquid of thermal
capacity 1.5 times that of the first liquid and

at a temperature of % is added to it, then the

resultant temperature will be

@ 3t (b) t
t 2
© > (d) §t
Solution:

The correct answer is B.
Heat lost by one liquid = Heat gained by another
liquid
m1. Cl' ATl = mz. Cz. ATZ
t
m(s)(2t — T) = m(1.55) (T - 5)

2t T—3T t
T2 02

5T—5t

2 72

T =t

So, the resultant temperature is t.

6. An unknown metal of mass 192 g heated to a
temperature of 100°C was immersed into a
brass calorimeter of mass 128 g containing
240 g of water at a temperature of 8.4°C.
Calculate the specific heat of the unknown
metal if water temperature stabilizes at
21.5°C. (Specific heat of brass is 394 J kg™ K-
1

)
(@) 458 Jkgt Kt  (b) 1232 J kgt K
()916 J kgt Kt  (d) 654 J kgt K™

Solution:

(c) Let specific heat of unknown metal be ‘s’
According to principal of calorimetry, Heat lost
= Heat gain

m X SAO = miSprass (Ael )+ M2 Swater AB2

192 x S x (100 — 21.5) = 128 x 394 x (21.5 - 8.4)
+ 240 x 4200 x (21.5-8.4)

S =916 Jkgtk*

7. A water cooler of storage capacity 120 litres
can cool water at a constant rate of P watts. In
a closed circulation system (as shown
schematically in the figure), the water from
the cooler is used to cool an external device
that generates constantly 3 kW of heat
(thermal load). The temperature of water fed

into the device cannot exceed 30°C and the
entire stored 120 litres of water is initially
cooled to 10°C. The entire system is thermally
insulated. The minimum value of P (in watts)
for which the device can be operated for 3
hours is (Specific heat of water is 4.2 kj kg™ K
L and the density of water is 1000 kg m™

Cooler Device

““““ Cold —
(a) 1600 (b) 2067
(c) 2533 (d) 3933
Solution:
AT  VpcAT
Pheater — Pcooler = % = %
0.12X1000x4.2x103x20

% (3000 = Pcooler) =

“ Peooler = 2067W

8. A current carrying wire heats a metal rod.
The wire provides a constant power P to the
rod. The metal rod is enclosed in an insulated
container. It is observed that the temperature
(T) is the metal rod changes with time (t) as
T(t) = To(1 + Bt/*) Where B is a constant
with appropriate dimensions while To is a
constant with dimensions of temperature. The
heat capacity of metal is:

4P(T()—To)

3X60%X60

4P(T(t)-To)*

@) =iz (0) =rs
4P(T(t)-To)* 4P(T(t)-Tp)3
© =g =g
Solution:
(d) Power,
dQ d dT
= E— E(mc)T = (H)E
d 1
== [To (1 + Bt4)]
P = (H)T,
_3
Bt 4 .
== where H = heat capacity
3
4Pt4 )
~(H) = ToB .. (i)
0
But £ = [O=To
BTo
3 [T@) = To)®
Lt = — .. (ii)
B3Ty

From eq. (i) & (ii),
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4P [T() — To)3
T T BTY
4P[T(t) — T,]?
RS

(H)

Beginner State Change Mixing

1. Find the final temperature of the mixture
Tf =

-200°C 10°C
Ice -+ Ice
10g S0g
Solution:

(tg +200)+(te +10)
. = 60t x 2500 =0

=t =20 __g166°C
60

6t +200+50 =0
dt, =250

2. Find the final temperature of the mixture
S0°C A05C

Tce + Water

20g 80g
T, =2
Solution:

—50°C 40°C
Ice + Water
20g 80g

Ice 0°C

Water 0°C

Q, = 20><%><50 = 500cal

Q, =20x80 =1600cal
Q =80x1x40 = 3200 cal

Water 0°C | == (3200 — 1600 — 500)
100g

Water 0°C 1100 eal
100g +

1100 =100x1x X

x =11°C
3. Find the final temperature of the mixture
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—80°C 90°C

Ice + Water

20g 80g
Tf =
= 20><%><80° =800

Ice 0°C

Q, =20x80=1600
Water 0°C

= (1600 x 800)

Q =80x1x90° =7200°
Water 0°C + 7200°
. Q = mxAt
= 4800=100x1x X
= Xx=48°C
4. Find the final temperature of the mixture
200°C 40°C

Ice <+ | Water

20g 80g

Tf =
Solution:

Q = 20><%><200: 200 cal

Ice 0°C
Q, =1600 cal

Water 0°C
Q5 =3200 cal

Water 100g 0°C + (3200 — 3600)
100g water0°C = 400 cal

(x)80 =400
X =bgram ice
T, =0°C
5. Find the final temperature of the mixture.
-100°C g0°C

Tce -+ | Water

200g 500g

Tf =

Thermal Prop. of Matter
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—100°C 80°C
Ice | == | Water

200g 500¢g

Q, =10,000 cal

Ice 0°C
Q, =16,000 cal

Water 0°C
Q5 = 40,000 cal

Water 0°C
700 gram water 0°C +14000 cal
700x1xx =14000,x = 20°C

. Find the final temperature of the mixture.
100g

Ice 4 | Water

0°C 40°C
Tf =

Solution:

100g

Ice 4 | Water

0°C 40°C
T¢= 0°C
Water
Q =28000
Water
Q =4000 cal
200 g water — 4000

4000 = 80x,x =50g
. Find the final temperature of the mixture
-250°C 50°C

Ice I= Water

80g 60g
Ts=
Solution:
—250°C ice 80g

J
Q:80x%><250

=10, 000 cal

\2
0°C ice 80g

\
Q =80x80 = 6400 cal
\
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0°C water80 g
50°C water 60g
A

Q=60x1x50
= 3000 cal

\

50°C water60g

Water 0°C 140g + 3000 — (10,000 +6400)
1409 = -13,400 cal

Check :-

140x80 =11200

13400-11200 = 2200 cal

All water will become ice
Ice 0°C 140 g — 2200 cal

=140x%><x=2200

70x = 2200

X = @ =31.43
7

T; =-31.43°C

8. Find the final temperature of the mixture

=300°C 50°C

Ice + | Water

80g 60g

Solution:

—300°C ice 80g
\

Q:SOX%XBOO

=12,000 cal

\2

0°C ice 80g
\A

Q =80x80 = 6400 cal
\

0°C water 60g
1
Q=60x1x50
= 3000 cal
{

50°C water 60g

Calculation :
Water 0°C 140g + 3000 — (12000+6400)
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Check :
140x 80 =11200

1340011200 = 4200 cal

All water will become ice
Ice 0°C 140 g — 4200 cal

=140x%xx=4200

70x = 4200
X = 420 =60
7
T; =-60°C
9. Find the final temperature of the mixture
0°C 120°C

Ice - Water

100g 10g

Solution:
Vapour 120°C 10g

A

Q=10x2x20 =400 cal
\2

Vapour 100°C 10g
\

Q =540x10 = 5400 cal
\

water 100°C 10g
\:

Q =10x1x100 =1000 cal
\

water 0°C 10g

Calculation

Water at 0°C 110 g + 1000 + 5400 +400
=6800 cal

Check :

Q =110x1x100

If cant go to 100°

Lets assume, T =X

110x1x x = 6800

6800
X=—
110

= ﬁilo =61.8°C
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10. 300 gm of water at 25°C is added to 100 gm

of ice at 0°C. The final temperature of the
mixture is

5 5
a) —-°C b) --°C
(@ 3 (b) 5
(c)-5°C (d)0°C
Solution:

The correct answer is D.

We know that latent heat of fusion of ice is

79.9 Cal per gram.

Let final temperature be T.

Then

mySAT = myL

300 X 1 X (25 —T) = 100 x 75

100 X 75
@25-T) = —55—
(25—T) =25
T = 0°C

After that total energy left = 4.7 x 100
Total mass of water = 400 g
Amount of water again converted into ice

470
Mm=797
m=59g

Thus whole mass is converted into water at 0°C

and about 5.9g water is again converted into ice
whose temperature is also 0°C.
After achieving the temperature of 0°C , latent
heat of fusion is required firstly for conversion of
water into ice than further lowering of
temperature is possible. So final temperature will
be 0°C.

11. 540 g of ice at 0°C is mixed with 540 g of
water at 80°C. The final temperature of the
mixture is (Latent heat of fusion of ice =
336Jg?, specific heat of water = 4.2Jg1 °C?)

(@) 0°C (b) 40°C
(c) 80°C (d) Less than 0°C
Solution:

The correct answer is A.
Let the final temperature be T,

mL + mcAT = heat gained by ice
= heat lost by water.

540 x 336 + 540 X 4.2 X (T — 0)
=540 x 4.2 X (80 — T)

=T =0°C
12. 80 gm of water at 30°C is poured on a large
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13.

block of ice at 0°C. The mass of ice that melts
is

(a) 30 gm (b) 80 gm
(c) 1600 gm (d) 150 gm
Solution:

The correct answer is A.
A/C to thermodynamics,
Heat flow from higher temperature body to lower
temperature body
Heat loss by water = Heat gain by ice
Given,mass of water = 80gm

1Cal

Specific heat of water = gorcn
~ Heat loss by water = msAT
=80x1x(30—-0)
=80 x 1 x 30 = 2400cal
Heat gain by ice = M Ls
80Cal
gm

L is latent heat of fusion =

M is the mass of melted ice

Now, 2400 = 80M

M = 30gm

Hence, 30gm of ice is melted.

One kilogram of ice at 0°C is mixed with one
kilogram of water at 80°C. The final
temperature of the mixture is (Take: specific
heat of water =4200J kg™ K, latent heat of

ice = 336 kJ kg™)

(a) 40°C (b) 60°C
(c)0°C (d) 50°C
Solution:

The correct answer is C.

It is known that for water and ice mixing 0,,,;,, =

mwgw—ncl:/VLi
mi+my
m;L;
my Oy — C;Vl
0, =
mix m; + my
L:
SMy =My, = Oy = 2 = 2 :

= 0°C

14. A block of mass 2.5 kg is heated to

temperature of 500°C and placed on a large
ice block. What is the maximum amount of
ice that can melt (approx). Specific heat for
the body = 0.1 Cal/gm°C.

(@) 1 kg (b) 1.5 kg

Thermal Prop. of Matter

(c) 2 kg (d) 2.5 kg
Solution:
Correct option is B.
cal

15.

16.

17.

(Converts units to SI) 0.1 —
gm

cal
=0.1 x1000—
kg

Maximum heat released by block, Q
=2.5x%x0.1 X103 x (500 — 0)cal

Now heat released Q will melt some ice

Q = mL =m x 80000

So,m = 1.56 kg

1 kg of ice at — 10°C is mixed with 4.4 kg of

water at 30°C. The final temperature of
mixture is: (specific heat of ice is 2100 J/kg/k)

(a) 2.3°C (b) 4.4°C
(c) 5.3°C (d) 8.7°C
Solution:

Correct option is D.
Heat released by water to reach 0°C is Q;
= mcAT = 4.4 X 4200 x 30 = 554400 J
Heat absorbed by ice to melt is Q,
=2100x 1x 10+ 1 x 336 x 103

= 357000/
extra heat,Q; — Q, = 197400 J
(my + my)CAT = 197400

197400

=>((T-0)=

( ) ((4.4 + 1) x 4200)
So,
T = 8.7°C

Steam at 100°C is added slowly to 1400 gm of
water at 16°C until the temperature of water
is raised to 80°C. The mass of steam required
to do this is (Lv = 540 cal/gm):

(a) 160 gm (b) 125 mg
(c) 250 gm (d) 320 gm
Solution:

Correct option is A.
Heat supplied to water is Q4
= 1400 x (80 — 16)
Now this heat supplied to water will be released
by condensation of vapour to liquid.

Also,
Q1 = m (Lyap + 1 X (100 — 80) )
S0, m =160 gm.

M grams of steam at 100°C is mixed with 200
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g of ice at its melting point in a thermally
insulated container. If it produces liquid
water at 40°C [heat of vaporization of water
is 540 cal/g and heat of fusion of ice is 80
cal/g], the value of M is

Solution:
Using the principal of calorimetry
Mice Ls+ Mice (40 - 0) Cw = Mstream Ly + Mestream
(100 — 40) Cw
M(540) + M x 1 x (100 — 40) = 200 x 80 + 200
x 1 x40
600 M = 24000
M = 40g

18. Ice at —20°C is added to 50 g of water at
40°C, When the temperature of the mixture
reaches 0°C, it is found that 20 g of ice is still
unmelted. The amount of ice added to the
water was close to (Specific heat of water =
4.2J/g/°C Specific heat of Ice = 2.1 J/g/°C
Heat of fusion of water at 0°C = 334J/g)
(a) 50g (b) 100 ¢
(c)60g (d)40g
(d) Let m gram of ice is added.
From principal of calorimeter
Heat gained (be ice) = heat lost (by water)
~20x21xm+(m-20)x334=50x4.2x40
376 m = 8400 + 6680
m =40.1

19. 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 his [Latent heat of ice is
3.4 x 10° J/kg and g = 10N/kg]

(a) 544 km (b) 136 km
(c) 68 km (d) 34 km
Solution:

(b) According to question as conservation of
energy, energy gained by the ice during its fall
from height his given by

E =mgh

As given, only one quarter of its energy is
absorbed by the ice.

Thermal Prop. of Matter

mL, x4

SO, m_gh - mI_f - h = f

4 mg
L, x4 3.4x10°x4

_D Xt 3Ax107xA o 6104 = 136000 m
g 10

=136 km

Expert State Change Mixing

1. Pure water super cooled to —15°C is contained
in a thermally insulated flask. Small amount
of ice is thrown into the flask. The fraction of
water frozen into ice is:

() 3/35 (b) 6/35
(c) 6/29 (d) 2/35
Solution:

Correct option is B.
Heat required, (M X 1 X 15)
= (m x 80) + (m x 0.5 x 15)
~mx87.5=Mx15
m 15 6

"M 875 35

Where s the fraction of water frozen into ice.

2. A volume of 120 ml of drink (half alcohol +
half water by mass) originally at a
temperature of 25°C is cooled by adding 20
gm ice at 0°C. If all the ice melts, find the final
temperature of the drink. (density of drink =
0.833 gm/cc, specific heat of alcohol = 0.6
cal/gm/°C)

Solution:
volume of drink = 120 ml

: : gm
density of drink d = 0.833 o

_ 2dyd,
Cdy +d,
d; = density of alcohol
. 1gm
d, = density of water = e
2d4
0.833 = 4 +1

1 1-0416 06 3

d, 0416 04 2

d1:§

Heat lost by drink = Heat gained by ice
Heat lost by (alcohol + water) = Heat gained by
ice
[Vidy Sy + S;V,d,]A6
= MiceLice + Mice X Sy X AO
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=1100 X1 x (80 —15) + 20 x 1 x (80 — 15)

2
[60><—><0.6+1><60><1[25—0] .
3 From conservation of heat energy,

= 20[80] +20(6 - 0) = M X 540 + M (100 — 80)
(24 +60)(25) = 1600 + 200 = 1100 x 1 x (80 — 15) + 20 x 1 x (80 — 15)
On SImpIIfylng , 0 =4° = M = 130g = 0.130kg
3. A block of ice with mass m falls into a lake. 5. The specific heat of water = 4200 Jkg™ K-
After impact, a mass of ice m/5 melts. Both the and the latent heat of ice = 3.4 x 105 J kg™.. 100

block of ice and the lake have a temperature
of 0°C. If L represents the heat of fusion, the
minimum distance the ice fell before striking
the surface is

grams of ice at 0°C is placed in 200 g of water
at 25°C. The amount of ice that will melt as
the temperature of water reaches 0°C is close
to (in grams):

@ = b) 2t (a) 61.7 (b) 63.8
59 9 (c) 69.3 (d) 64.6
gL mL Solution:
(© 5m (d) — T Here
m 59 (a) Here ice melts due to water.
Solution: Let the amount of ice melts = Mice
Correct option is A. MuSwAO = Micelice
Let the height from where the ice block falls to am, = m,s,A0
the lake is h. Lice
Change in potential energy P.E.= mgh 0.2x4200x 25
gemnp i g _ eI 00617 kg =617 g
Where g is the acceleration due to gravity. 3.4%x10°
The PE loss on reaching the lake is converted to 6. A calorimeter of water equivalent 20 g
_KE of the ice block and is converted into heat on contains 180 g of water at 25°C. 'm' grams of
Impact. steam at 100°C is mixed in it till the
Amount of heat required to melt mass of % is %L temperature of the mixture is 31°C. The value

of 'm" is close to (Latent heat of water = 540
cal g2, specific heat of water = 1 cal g °C™?)

Where L is the latent heat of fusion.
Equating both, we get

m
mgh =1 (a) 2 (b) 4
o h L (c)3.2 (d) 2.6
59 Solution:

4. Some steam at 100°C is passed into 1.1 kg of (a) Heat given by water = myCu(Tmix — Tw)

water contained in a calorimeter of water =200 x 1 x (31— 25)

equivalent 0.02 kg at 15°C so that the Heat taken by steam = m Lseam + M Cw(Ts — Tmix)

temperature of the calorimeter and its =m x 540 + m(1) x (100 — 31)

contents rises to 80°C. What is the mass of =m x 540 + m(1) x (69)

steam condensing. (in kg) From the principal of calorimeter,

(a) 0.130 (b) 0.065 Heat lost = Heat gained

(c) 0.260 () 0.135 - (200)(31 — 25) = m x 540 + m(1)(69)
Solution: 1200 = m(609)

Correct option is A.

Let M be the mass of steam condensed.

Amount of heat lost by the steam due to the
latent heat of condensation and due to cooling to

m~=2.

7. When M; gram of ice at —10°C (Specific heat =
0.5 cal g*°C™) is added to M, gram of water
at 50°C, finally no ice is left and the water is at

80°C. 0°C. The value of latent heat of ice, in cal g

= M X 540 + m(100 — 80) is:

Amount of heat absorbed by the water and

calorimeter system @) XM 5 (o) 2M: 50
Ml MZ
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© M. @ M2 _g
Ml Ml
Solution:

(@) MiCice % (10) + ML = M,C,, (50)
or My x 0.5) x 10 + ML = My x 1 x 50

_50M,

L 5

1

Pro State Change Mixing

1. A bullet moving with a uniform velocity v,
stops suddenly after hitting the target and the
whole mass melts. Mass of bullet is m, its
specific heat is S, initial temperature is 25°C,
melting point of bullet is 475°C and its latent
heat is L. Then v is given by

2
(2) mL =ms (475 - 25) +%- =

mv?

(b) mS(475-25) + ml ==

2

() MS (475—25)+mL = %

mv®

(d) mS(475-25)—-mL=——
2J

Solution:

The correct answer is B.

Firstly the temperature of bullet rises up to melting

point, then it melts. Hence according to W = JQ

1
= Emv2 = J[m.c.A6 + mL]
= J[m s(475 — 25) + mL]

2

mv
= ms(475 — 25) + mL = 2]

2. Some water at 0°C is placed in a large
insulated enclosure (vessel). The water vapour
formed is pumped out continuously. What
fraction of the water will ultimately freeze, if
the latent heat vaporization is seven times the
latent heat of fusion?

(@) 7/8 (b) 8/7
(c) 3/8 (d) 5/8
Solution:

The correct answer is A.

Let f = fraction which freeze mg, = mass of water
L, = 7Lf (Given)

Mass of water freezes = my

Heat lost by freezing water = m;L¢

Heat gained by vapour = m(1 - f)L,
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Using principle of calorimetry
mfLy =m(1— f)L,
%va =L,—fLy
8
f ; L, =
7
f=3

Ly

8

. How should 1 kg of water at 5°C be divided

into two parts so that if one part turned into
ice at 0°C, it would release enough heat to
vaporize the other part? Latent heat of steam
= 540 cal/gm and latent heat of ice = 80
cal/gm.

Let the mass be divided into x grams(for ice)
and(1000 — x)grams(for vapour).
Heat released by x grams of water
=xX1x5+xx80
Heat absorbed by (1000
— x)grams of water
= (1000 — x) x 1 X 95 + (1000 — x) x 540
Assuming that the conversion of the other part
takes place at 100°C
85x = 95(1000 — x) + 540(1000 — x)
orx=882g
Thus, the mass is to be divided into 882 g for
conversion into ice and 118 conversion into
vapour.

. An aluminium container of mass 100 gm

contains 200 gm of ice at — 20°C. Heat is
added to the system at the rate of 100 cal/s.
The temperature of the system after 4 minutes
will be (specific heat of ice = 0.5 and L =80
cal/gm, specific heat of Al = 0.2 cal/gm/°C)

(a) 40.5°C (b) 25.5°C
(c) 30.3°C (d) 35.0°C
Solution:

Correct option is B.
container contains my; = 100g of Al and m,
= 200g of ice
In4min times heat gives to system, Q
= rate X time
Q =100 x 4 x 60 = 24000 cal
Assume the whole ice melts to water ( thereby all
mass of ice m, gains latent heat) and change in
temperature be AT, T — final temp
Thus from heat transfer law,
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Q = mlSlAT + m252(20) + mzL +

m,(1)T (water phase)[ice consume heat in —

20°C to 0°C only]
= 24000 = 100 x 0.2(T + 20)
+ 200 x 0.5 x 20 + 200 x 80

+ 200T

= 24000 = 20(T + 20) + 2000 + 16000
+ 200T

= 24000= 18400+220T

= 5600=220T
560 .

T = 27 = 25.45°C

5. 10 gm of ice at 0°C is kept in a calorimeter of
water equivalent 10 gm. How much heat
should be supplied to the apparatus to
evaporate the water thus formed? (Neglect
loss of heat) (Latent heat of fusion of ice
336J/gm , specific heat of water is 4.2J/gm,
latent heat of vapourisation of water is
2260J/gm)

(a) 6200 cal (b) 7200 cal
(c) 13600 cal (d) 8200 cal
Solution:

Correct option is D.
heat supplied in Lfy5ion + McAT + MLygy,

Q; =10 X 336 + 10 x 4.2 X 100 + 10 X 2260

Q1 = 30160 ] or 7200 cal
Heat for calorimeter Q, = 10 X 1 X 100
= 1000 cal

Q = Q1 + Q2 = 8200 cal
6. Heat is being supplied at a constant rate to a

sphere of ice which is melting at the rate of 0.1

gm/sec. It melts completely in 100 sec. The
rate of rise of temperature thereafter will be
(Assume no loss of heat.)

(a) 0.8 °Cl/sec (b) 5.4 °Clsec
(c) 3.6 °Clsec (d) will change
with time

Solution:

Correct option is A.

Rate of melting of ice is 0.1 gm sec — 1

total mass of ice mi,, = 0.1 X 100

= 10 gms since all the ice melts in 100 sec.

total amount of heat supplied to melt 10 gms of ice Q =

10 X 80 cal = 800 cal
After all the ice melts, the water temp will rise.
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d
rate at which heat is supplied —Q

dt
dQ
Myater X Swater 10 X1
= 0.8°C sec™!

7. The graph shown in the figure represent

change in the temperature of 5 kg of a
substance as it absorbs heat at a constant rate
of 42 kJ min~L. The latent heat of vaporization
of the substance is:

0 1015 20 25 30 35 40 45 50
time(min) —>

(b) 126 kJ kg™
(d) 12.6 kJ kgt

(a) 630 kJ kg *
(c) 84 kJ kg™

Solution:

Correct option is C.
First mass will melt and then vaporize, we can
see there is a constant temperature line at T =
125°C, that is its vaporization temperature, and
heat supplied during that duration is latent heat of
vaporization.
Heat absorbed is 42 x (30 — 20) =5 X L
So,

kj

L=84—
8kg

8. A substance is in the solid form at 0°C. The

amount of heat added to this substance and its

temperature are plotted in the following

graph. If the relative specific heat capacity of

the solid substance is 0.5, find from the graph

(a) the mass of the substance;

(b) the specific latent heat of the melting

process

(c) the specific heat of the substance in the

liquid state.
120
100

C

S
S
I

temp (°C) —»
o (= o
o o o
[ I
>

11 1 11 | 11
1000 2000

Q — (calories)




Adaptive Problems Book in Physics (Vol. 13)

Solution:
i. The mass of the substance
6 = msAT
1000 =m x 0.5 x 80
m=25g
6 = msAT
800 =m x 0.5 x 80
m=20gm
Or,m = 0.02kg
ii. Latent Heat =

1600—800
20

Heat added from AtoB _
m

calories

gm

40000cal
= —kg
iii. The specific heat of substance in the liquid
state
6 = mSAT
from B — C (liquid state)
600 = 20 X S x (120 — 80)

calories
S=.75————=c
gm
_ 750cal
"~ kgK

9. A vessel containing 100 gm water at 0°C is
suspended in the middle of a room. In 15
minutes the temperature of the water rises by
2°C. When an equal amount of ice is placed in
the vessel, it melts in 10 hours. Calculate the
specific heat of fusion of ice.

Solution:

Let the power delivered by the surrounding be P
Q=Pxt

but Q = mcAT

Thus,

Wheret = time , T = temperature
Now when a mass of ice melt heat that need to be
supplied = mlL
Where L = latent heat of fusion
Thus we have mL = P X 10 X 60 X 60
But
mc2

P=T5x60
Thus,

Thermal Prop. of Matter

4.2x2x10x 60
L= 15
10. Ice at 0°C is added to 200 g of water initially
at 70°C in a vacuum flask. When 50 g of ice
has been added and has all melted the
temperature of the flask and contents is
40°C. When a further 80g of ice has been
added and has all melted, the temperature of
the whole is 10°C. Calculate the specific
latent heat of fusion of ice.[Take Sw =1 cal
fgm °C.]
(@) 3.51 x10°J/ kg (b) 1.2 x10° J/ kg
(c) 2.4 x10°J/ kg (d) 3.0 x10° J/ kg

= 336] gm™!

Solution:

Correct option is A

After 50gm of ice melted completely, the mass
of water is the mixture becomes 250gm and will
at

40°C

When 80gm of ice a added,

250 x 1 x (40 — 10) = Heat lost by water
= Heat gained by ice

250 x 30 =80(L) +80x1x (10 —0)

8L =670

670 cal
L=—=18375—
8 gm
10%]
L =351 x——
kg

11. An experiment takes 10 minutes to raise the
temperature of water in a container from
0°C to 100°C and another 55 minutes to
convert it totally into steam by a heater
supplying heat at a uniform rate. Neglecting
the specific heat of the container and taking
specific heat of water to be 1 cal/g °C, the
heat of vapourization according to this
experiment will come out to be :

(a) 560 cal/g (b) 550 cal/ g
(c) 540 callg (d)530 cal/ g

Solution:

(b) As Pt = mCAT
So, P x 10 x 60 = mC 100 .. (D)
and P x 55 x 60 = mL .. (i)
Dividing equation (i) by (ii) we get
10 _Cx100
55 L
~ L =550 cal./g.
12. A liquid at 30°C is poured very slowly into
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Calorimeter that is at temperature of 110°C.
The boiling temperature of the liquid is
80°C. It is found that the first 5gm of the
liquid completely evaporates. After pouring
another 80gm of the liquid to its specific heat

will be °C. [Neglect the
heat exchange with surrounding]
Solution:

(270°C) Let C be the specific heat capacity of
liquid and L be the latent heat of vaporization.
From principal of calorimetry,

Heat = Loss
meSc AT = mC AT + mL
Or

meSe (110 — 80) = 5C (80 — 30) +

5L ... (i)

Where, m, = mass of calorimeter

S¢ = specific heat of calorimeter

Again, when 80g liquid is poured and
equilibrium temperature is 50°C

meSe (80 — 50) = 80C (50 — 30) ... ... ... ... (ii)
From eq. (i) & (ii)

1600 C =250C + 5L

S L1850 9900C
C 5

Beginner Thermal Expansion

1. A barofiron is 10 cm at 20°C. At 19°C it will
be (a of iron =11 x 107/°C)
(@) 11 x 107° cm longer
(b) 11 x 1075 cm shorter
(c) 11 x 10°° cm shorter
(d) 11 x 10 cm longer
Solution:
The correct answer is C.

Generally, when we are reducing the temperature
of the iron bar it will become shorter than before
change in length l, = a(l;)(t, —t1)
= (11 x 107%)(10)(19 — 20)
=11x107%(10)(-1) = 11 X 10~° cm

2. Density of substance at 0°C is 10 g/cc and at
100°C, its density is 9.7 g/cc. The coefficient of
linear expansion of the substance will be (in /
°C)

(a) 102 (b) 102
(c) 1073 (d) 10
Solution:

The correct answer is D.
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g
=10
Po P
_97g s
P100 = cC , & =1
From
_ _Pioo"Po _ 10-97 _ 3 x 10~4

T p10oX(AT) ~ 10x100
Coefficient of linear expansion.
y _ 3x107*

a=-="——=1x10"*CL
3 3

. Coefficient of real expansion of mercury is

0.18 x 107%/°C. If the density of mercury at
0°C is 13.6 g/cc then its density at 473K is

(a) 13.11 g/cc (b) 26.22 glcc
(c) 52.11 g/cc (d) None of these
Solution:

The correct answer is A.
Co-efficient of volume expansion of density of mg
isTy

Density at

_ Po
We know p = ToreD)
Where,

p — density at any temp T other than 0°C.

po — density at 0°C.

1y — co — ef ficient of volume of expansion.
T — temp at which density is to be calculated.

S— - {Temp given is 473K ,in °C. It
1+0.18x200
is 200°C.}
136
P = 1036
g
=13.11—
p cc

4. The length of a metallic rod is 5m at 0°C and

becomes 5.01 m, on heating upto 100°C. The
linear expansion of the metal will be

(@) 2.33x10°/°C (b)6.0x10°/°C
()4.0x10°/°C  (d)2.0x10°/°C

Solution:
The correct answer is D.
AL o LoAT
=a LoAT
AL 001 _ 1075
LoXAT 5%100 °C

5. A pendulum clock runs faster by 5 seconds

per day at 20°C and goes slow by 10 second
per day at 35°C. It shows the correct time at a
temperature of

(a) 27.5°C (b) 25°C
(c) 30°C (d) 33°C
Solution: (b)
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%a(BS)—Tx86400:1O ........... (1)
%(x(T ~)20x86400=5 ............ )

Solving (1) and (2) : T = 25°C

6. The value of coefficient of volume expansion
of glycerin is 5x10™*K™. The fractional
change in the density of glycerin for a rise of
40°C in its temperature is -

(a) 0.015 (b) 0.020
(c) 0.025 (d) 0.010
Solution:

pr =po (1-7AT)

PT _(1-AT)
Po

1-PT AT
Po

Po ~ Pt = yAT
Po

=5x10"* x40 = 0.020

7. A copper rod at 88 cm and an aluminium rod
of an unknown length have an equal increase
in their lengths independent of an increase in
temperature The length of the aluminium rod
is.

(ctcy =1.7x10°K ™ and o = 2.2x10°K ™)

(a) 68 cm (b) 6.8cm
(c) 113.9cm (d) 88 cm
Solution:

When the temperature is increased by AT, their final
lengths,

L =Ly [1+a,AT]

As change in lengths are equal, Lo, —L; =L, —L,
= oy AT = o, L,AT

=1.7x107°x0.88

=22x10°xL,

_1.7x107°x0.88

=L
2 2.2x107°
L, = 0.88m

=68m
8. Two uniform rods of length L and 2L and
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thermal coefficient of linear expansion

20, and o respectively, are connected as shown
in the figure. The equivalent coefficient of
linear expansion is:

L 2L
[ ) ]
2a o
3o 4o
(a) 7 (b) 3
20, 5a.
(© K} (d) 3

Solution: Hint : A—LL =aAT

Step 1: Write the equation of thermal expansion for
individual rods.

L; = L(1+20aAT)
Ly = 2L (1+aAT)
Step 2: Write the equation for the combined rod.

L 2L
= L5 =3L(1+a/AT)
=Ly =L]+L}
= 3L (1+o/AT)
= L(1+20AT) + 2L (1+ 0AT)

Aa
3
Hence, option (b) is the correct answer

=o' =

. The electrical resistance in ohms of a certain

thermometer varies with temperature
according to the approximate law:

R=R,[1+0a(T-T))]
The resistance is 101.6 Q at the triple-point of
water 273.16 K, and 165.5Qat the normal

melting point of lead (600.5 K). What is the
temperature when the resistance is 123.4 Q

(a) 384.8 K (b) 486.8 K
(c) 287.61 K (d) 185.61 K
Solution:

Hint: Use the concept of thermal expansion.
Step 1: Find the coefficient of thermal expansion.
Ry, =101.6Q,T=273.16 K

Case (i) :

R, =1655Q, T=6005K

R, =123.4Q, T, ="?
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165.5=101.6[1+.(600.5—273.16) |

o 63.9

101.6x 327.34
Step 2: Find the new temperature.
Use the formula again,

63.9
101.6x327.34
(123.4-101.6)

277639

=384.83K

1234 = 101.6[1+ (T, - 273.16)}

x327.34+273.16

10. A steel tape 1 m long is correctly calibrated
for a temperature of 27°C. The length of a
steel rod measured by this tape is found to be
63.0 cm on a hot day when the temperature is
45°C. What is the actual length of the steel
rod on that day? (Coefficient of linear

expansion of steel ==1.20x10°K™)

(a) 62.485 cm (b) 60.762 cm
(c) 65.935cm (d) 63.013cm
Solution:

Hint: Apply the concept of thermal expansion.

Step 1: Find the length of the tape at 45°C.

Let | be the actual length of the steel tape and I' be
the length at 45°C. Given:

Length of the steel tape at the temperature T = 27°C,
1=1m=100cm

Length of the steel rod at the temperature T; = 45
°C, L =63 cm

Coefficient of linear expansion, o.=1.2x10°K
1'-1=10(T,-T)

1'=100(1+1.2x10"° x (45 - 27))

=100.0216 cm

Step 2: Find the actual length of the rod.

Hence the actual length of the steel rod measured by

steel tape at 45° is given by,

1, = 100.0216 x 63 =63.0136 cm
Hence, option (d) is the correct answer.

11. A hole is drilled in a copper sheet. The
diameter of the hole is 4.24 cm at 27.0 °C.
What is the change in the diameter of the
hole when the sheet is heated to 227 °C?
(Co-efficient of linear expansion of copper
=1.70x10°K ™)

(a) 0.0144 cm (b) 0.0234 cm
(c) 0.0123 cm (d) 0.0111 cm
Solution: Hint: Apply the concept of thermal
expansion.

Initial temperature, T, = 27.0°C
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Diameter of the hole at T1 =d; = 4.24 cm

Final temperature, T, = 227° C

Diameter of the hole at T, =D,

Step 1: Use the formula of areal expansion.
Coefficient of linear expansion, a, =1.7x10°K

AA

T:BAT (where B = 2a.)
nd5  md?
AA T4 T g _di-df
A mdp i
4
2 _ 42
N PN

2
1
Substituting d; and o, we get:
d, =4.2544 cm
Change in diameter
=d, —d; =4.2544 - 4.24 =0.0144cm
12. A uniform copper rod of length 50 cm and
diameter 3.0 mm is kept on a frictionless
horizontal surface at 20 °C. The coefficient of
linear expansion of copper is 2.0x10°K™
and Young's modulus is 1.2x10"'N/m?. The
copper is heated to 100°C, then the tension
developed in the copper rod is:
(@) 12x10°N (b) 36x10°N
(c) 18x10°N (d) Zero
Solution:

Since both ends of the rod are free to expand, there
will be no tension developed in the rod.

13. A metal rod of silver at 0°C is heated to
100°C. It's length is increased by 0.19 cm.
Coefficient of cubical expansion of the silver
rod is (Assume length 1 m)
(@) 5.7 x 1075/°C
(c) 1.9 x 10°/°C

(b) 0.63 x 10-5/°C
(d) 16.1 x 10°5/°C

The correct answer is A.

Al
coef ficient of linear expansion is ¢ = —

IAt
~0.0019

100

coef ficient of volume expansion is 3a
1075
°C
14. A cuboid ABCDEFGH is anisotropic with ay

=1x10°/°C, 0y =2 x 10 /°C, 0, =3 x 10°°
/°C. Coefficient of superficial expansion of
faces can be
(a) Paco = 5 % 10°/°C

=19x%x10°°

=57x%
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(b) BBCGH =4 x 10_5 /°C
(C) ﬁCDEH =3x%x10°/°C
(d) Bercn =2 % 10° /°C

v
A B

Solution:

15.

The correct answer is C.

Thermal Prop. of Matter

Change in volume

AV
%V=7><100=)/A9><100

= 3aA0 x 100
%V =3%

17. A given plate is heated so that its

Coefficient of superficial expansion of face ABCD =temperature is increased. What will happen

1075
°C

a,+a,=4Xx

Coefficient of superficial expansion of face BCGH =

1075
°C

ay +a, =5X

to its area & radius R?

T=TT

7777

Coefficient of superficial expansion of face CDEH =

1075
°C

ay +a, =3X

Coefficient of superficial expansion of face EFGH =

1075

°C
If the length of a cylinder on heating
increases by 2%, the area of its base will
increase by
(a) 0.5%
(c) 1%

ay+a, =4Xx

(b) 2%
(d) 4%

Solution:

16.

The correct answer is D. If length is increases by
2 % then it radius will also increases by 2%.
AA AL
AT
= E =2X2=4%
A

If percentage change in length is 1% with
change in temperature of a cube, then what
is percentage change in its area and its
volume?

(@) 2%, 3%
(C)3% , 6%

(0)4%, 5%
(D) 3% , 2%

Solution:

The correct answer is A.

Percentage change in length will change in
temperature = %1l

=X 100 = aAf x 100 = 1%
Change in area

AA
>%A =7>< 100 = A6 x 100

= 2aA0 x 100
%A=2%
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square plate

(@atR]
©alR]

(b)aTRT
(da|RT

Solution:

The answer is B.

On increasing temperature, the avg. separation
between any two atoms increases. As every
linear dimension increases upon increasing the
temperature. Therefore, area & radius will
increases.

18. A given circular plate is heated so that its

temperature is increased. Compare its both
radius.

(@afth]
©alb]

(b)athb?
(dalb?

Solution:

The answer is B.

On increasing temperature, the avg. separation
between any two atoms increases. As every
linear dimension increases upon increasing the
temperature. Therefore, outer & inner dimension
will increases.
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19. A body is heated as shown in the diagram. Since the coefficient of expansion of both oil
What will happen to d? and vessel is same, as the temperature increases,
I volume of both oil and vessel increase same
d amount without any overflow of oil, hence more

volume of oil is now being contained. However,
the vessel is always completely filled, never
empty by any fraction, hence the mass of oil
containable remains the same.

(@d? (b)d|
(c) d = Remains same (d) None
Solution:

The answer is A.

On increasing temperature, the avg. separation
between any two atoms increases. As every
linear dimension increases upon increasing the
temperature.  Therefore,  dimension  will
increases.

22. A thin copper wire of length L increase in
length by 1% when heated from temperature
T, to T2. What is the percentage change in
area when a thin copper plate having
dimensions 2L x L is heated from T, to T, ?

[0) [0)
20. A cylindrical metal rod of length L is shaped (2) 1% (b) 2%
. . . (c) 3% (d) 4%
into a ring with a small gap as shown. On ’
Solution:

heating the system o
Correct option is B.

Since, Area expansion =2 X

linear expansion

Therefore, surface area will increase by 2%

23. If two rods of length L and 2L having

d coefficients of linear expansion o and 2a
respectively are connected so that total
length becomes 3L, the average coefficient of
linear expansion of the composition rod

X
fe—>]

(a) x decreases, r and d increase
(b) x and r increase, d decreases
(c) x, rand d all increase

. . . . equals:
(d) Data insufficient to arrive at a conclusion a
. 3 5
Solution: @ -a (b) -«
The correct answer is C. 2 2
On heating the system: x, r and d all increases, (©) §a (d) none of these
since the expansion of isotropic solids is similar 3
to true photographic enlargement. Solution:
21. An open vessel is filled completely with oil Correct option is C.
which has same coefficient of volume Initial length of combination is L + 2L
expansion as that of the vessel. On heating =3L
both oil and vessel, Increment in first rod is LaAt
(a) the vessel can contain more volume and Increment in second rod is (2L) (2a)At
more mass of oil = 4Lalt
(b) the vessel can contain same volume and So increment in combination is sum of both so, 5LaAt
same mass of oil Initial length of combination was 3L so
(c) the vessel can contain same volume but coefficient for combination is
more mass of oil change
(d) the vessel can contain more volume but initial length X change in temperature
same mass of oil SLaAt  Sa
Solution: ~3LAt 3

Correct option is D.

Explore more at www.ph
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24. The coefficient of volume expansion of

mercury is 20 times the coefficient of linear
expansion of glass. Find the volume of
mercury that must be poured into a glass
vessel of volume V so that the volume above
mercury may remain constant at all
temperature.

Solution:

25.

20
?‘yglass

Ymercury = 2Oaglass

Let the Volume of mercury is Vi,ercury
Since the volume above mercury remains same,

Vmercury Vmercury = Vglass Vglass

20

= ?Vglassvmercury = yglassV

3V
= Vmercury = %

Due to thermal expansion with rise in
temperature

(a) metallic scale reading becomes lesser than
true value.

(b) pendulum clock becomes fast.

(c) a floating body sinks a little more.

(d) the weight of a body in a liquid increase
(neglect expansion of body).

Solution:

26.

Correct option is A

a. On increasing temperature, the distance
between scales of metallic scale will increase
and hence the measured value will be lower
than actual value.

b. On heating, since | increases, time period will
increase and clock will become slower.

¢. With rise in temperature upthrust decreases.
As weight

remains same, hence, a floating body sinks a
little less.

d. Since due to thermal expansion, volume of
the body will increase and hence the volume of
water displaced by the body will also increase.
Thus, force of buoyancy on the body will also
increase and hence its apparent weight will
decrease.

A metallic circular disc having a circular
hole at its center rotates about an axis
passing through its center and perpendicular
to its plane. When the disc is heated:
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(a) Its speed will increase
(b) Its speed will decrease
(c) Its diameter will increase

(d) Its moment of inertia will increase

Correct options are B, C & D.

When the disc with central hole is heated,
diameter of hole as well as outer diameter of
disc both increases. As a result of this, mass of
the disc will be distributed more away from its
axis which means that moment of inertia will
increase on heating. Now according to the law
of conservation of angular momentum as Iw =
constant. So, w will decrease.

27. When the temperature of a copper coin is

raised by 80°C, its diameter increases by
0.2%.

(a) Percentage rise in the area of a face is 0.4
%

(b) Percentage rise in the thickness is 0.4 %
(c) Percentage rise in the volume is 0.6 %

(d) Coefficient of linear expansion of copper
is 0.25 x 107 C° 1,

Correct options are A, C and D.

Since,

Area expansion = 2 X linear expansion
Volume expansion = 3 X linear expansion

Therefore, area increases by 0.4% and volume
increases by 0.6%
Now

AD—OOOZ— AB
o =0 =a

Therefore

~0.002
=780
20
=—x10"*
*= %0

a=0.25x10"*

28. When the temperature of a metal wire is

increased from 0°C to 10°C, its length
increased by 0.02%. The percentage change
in its mass density will be closest to :

(a) 0.06 (b) 2.3
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(c) 0.008 (d)0.8
Solution:
(a) Change in length of the metal wire (Al) when
its temperature is changed by AT is given by
Al = loAT
Here, o = Coefficient of linear expansion
Here, Al =0.02%, AT = 10°C

Lo A _ 002
IAT 10010
a=2x105

Volume coefficient of expansion,
y =30 =6x10"°
M

. pzv

AV_Vx100= JAT =(6x10"° x10x100)
=6x1072
Volume increase by 0.06% therefore, density
decreases by 0.06%.

29. Two rods A and B of identical dimensions
are at temperature 30°C. If A is heated upto
180°C and B upto T°C, then the new lengths
are the same. If the ratio of the coefficients of
linear expansion of A and B is 4:3, then the
valueof Tis :

(a) 230°C (b) 270°C
(c) 200°C (d) 250°C
Solution:

() Change in length in both rods are same i.e.
Al, = Al

loy,AG, =1, AB,

@ _Af, { N2 ﬂ}

a, A_el
4 60-30
3 180-30
0 =230°C
30. A rod, of length L at room temperature and
uniform area of cross section A, is made of a
metal having coefficient of linear expansion
a/°C. It is observed that an external
compressive force F, is applied on each of its
ends, prevents any change in the length of
the rod, when its temperature rises by AT K.
Young's modulus, Y, for this metal is:

(&) — (b) ——

AcAT Ac (AT - 273)
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2F
O pat O aaT

Solution:
stress  F/A
strain ~ A(Al/1)
Using, coefficient of linear expansion,
Al Al
o=— :> _—
IAT I

(a) Young’s modulus Y =

aAT

Expert Thermal Expansion

1. 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 a 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:

3a
—_— b) 3PK
(@) PK (b) a
P P
- d -
© 3aK @ aK
Solution:

(c) As we know, Bulk modulus

V =V, (L+At)

VO

P omoae PP
K yK  3aK

2. A compressive force, F is applied at the two
ends of a long thin steel rod. It is heated,
simultaneously, such that its temperature
increases by AT. The net change in its length is
zero. Let | be the length of the rod, A its area
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of cross-section, Y its Young's modulus, and o
its coefficient of linear expansion. Then, F is
equal to:

(@) PYa AT (b) 1A Ya AT
AY
AYa AT b) —
(c)AYa (b) AT
Solution:
(c) Due to thermal exp., change in length
(AI):IaAT . (i)

Normal stress

Young’s modulus (Y) = — .
Longitudinal strain

FIA Al F
Y:—:—:—

Al/l I AY
A=

AY

Fl
From eqn (i), e la AT

3. A bakelite beaker has volume capacity of 500
cc at 30°C. When it is partially filled with Vr,
volume (at 30°C) of mercury, it is found that
the unfilled volume of the beaker remains
constant as temperature is varied. If y(peaker) =
6 x 107° °C! and y(mercury) = 1.5 X 10 °C,
where v is the coefficient of volume expansion,
then V, (in cc) is close to

Solution:

Volume capacity of beaker, Vo =500 cc

Vb = Vo + Vo Yoeaker AT

When beaker is partially filled with Vi, volume of
mercury,

Vbl =V, +V, 7., AT

Unfilled volume (Vb—Vp) =Vo—Vn

For the volume to remain constant at all temp

Ex of liquid = Exp of solid

VoY beaker =Vin¥m

oV =V07/beaker
" g
-6
or, V, =M =20cc
1.5%x10

4. A non-isotropic solid metal cube has
coefficients of linear expansion as: 5 x 10°%/°C
along the x-axis and 5 x 107/ °C along the y
and the z-axis. If the coefficient of volume
expansion of the solid is C x 107%/°C then the
value of C is

Solution:

Volume, V = Ibh
AV Al Ab Ah
\ I b h

(y = coefficient of volume expansion)
y=5x10°+5x10°%+5x10°
=60 x 10°%/°C

= Value of C = 60.00

. A copper rod of 88 cm and an aluminum rod

of unknown length have their increase in
length independent of increase in
temperature. The length of aluminium rod is
(0cu =1.7x10° K, aa =22 x10° K1)

(@) 113.9cm (b) 88 cm
(c) 68 cm (d)6.8cm
Solution:

(c) Due to change in temperature, the thermal

strain produced in a rod of length L is given by
AL =aAT

AL=L a AT

Where | = original length of rod and o =

coefficient of liner expansion of solid rod

As the change in length(Al) of the given two rods

of copper and aluminium are independent of

temperature change, i.e. AT is same for both

copper and aluminium.

Lcu acu = Laioal ()]

Here, acy = 1.7 x 10° K1

aa =22 x10°K?

and Lcy =88 cm

Substituting the given values in Eq. (i), we get

Lo Ley@c,  1.7x107°x88
N, 22x10°°

~ 68 cm

6. Two different wires having lengths L; and L,

and respective temperature coefficient of
linear expansion a1 and o, are joined end-to-
end. Then the effective temperature coefficient
of linear expansion is:

(a) “E%L (b) 2{/aa,
@ A% (@) 4-%% Ll

o +a, (L, + |_1)2

(a) Let L and L, be the lengths of the wire when
temperature is changed by AT°C.

At T°C,

Leq =L+ L,
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At T =A°C
L =L+

i Ly (1 @AT ) = L (1+ AT ) + L, (1+ @,AT)

[ L'=L(1+aAT)]

(L +L,)(1+ @AT ) =L, + L, + LayAT + La, AT

_ alLl + aZ LZ

"L+l

7. Coefficient of linear expansion of brass and
steel rods are a1 and o Lengths of brass and
steel rods are I; and |, respectively. If (I2 — 11)
is maintained same at all temperatures, which
one of the following relations holds good?
@) al? =a,l} (0) &1, =21,

(d) al, =a,l,

(27

©) al=a,l,

Solution:
(c) According to question,
Coefficient of linear expression of brass = a1
Coefficient of linear expression of steel = o,

Length of brass and steel rods are 11 and I,
respectively.

As given difference increase in length (1, —1)) is

same for all temperature.
So, I, I =1, -1,
L, (1+e,At) -1 (1+ ayAt) =1, — |,

La, =lLa

Pro Thermal Expansion

1. A body of initial length 10 cm with thermal
coefficient a = 2T? + 3T is heated from 20°C
— 30°C. Find the final length of the body.

L=10cm
(2)134166.67cm
(c)134167.76cm
Solution:
The answer is D

Al =flaAT

30

Al=1| (2T?%+3T)dT
20

30

= 0[], + 0[5,

(b)132166.67cm
(d)134176.667cm

20 10
Al == [30° — 20°] + —- x 3[30% — 20°]

Thermal Prop. of Matter

20 x 103 10 x 3
A= ———1[27 - 8] + [900 — 400]
104 30

Al = 126666.667 + 7500
I, = (10 + 134166.667 )cm
I, = 134176.667cm

. A cubical container of side length a is filled

with water with volume thermal coefficient y.
The linear thermal coefficient of container is
a. If the container is heated from T; to T,
Will the water overflow? If No, Find the final
height. Given 3a > y

T, —T,

A —
““““““““ y<3a
et M T

afFEi Ve

LA

L cubical container

(1+yAT) (1—yAT)

@ h = ?1+ZZAT) (b) h = ?1+2£AT)

© k=i @ h =iy
Solution:

The answer is A

No, it will not overflow as 3a > y
with increase in temperature
(V),aper = €@ +7T)

Let say find height= h

(Af)containerh - (Vf)water
a?(1 + 2aAT)h = a3(1 + yAT)
_a(1+yAT)
(14 2aAT)

. A vertical column 50 cm long at 50°C balances

another column of same liquid 60 cm long at
100°C. The coefficient of absolute expansion
of the liquid is

(a) 0.005/°C (b) 0.0005/°C
(c) 0.002/°C (d) 0.0002/°C
Solution:

The answer is A.

Given vertical column of liquid hy = 50 cm
Temperature T; = 50°C

Given another vertical column of same liquid
h, =60cm

T, = 100°C
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Let the density of gives liquid at STP = p,
If both vertical columns balances each other then
their pressure should be equal

P =pgH

p = density

g = acceleration due to gravity
H = height

p1_ hy
p1ghy = p2gh, = P (€Y)
Let r be coefficient of expansion of liquid
_ Po _ Po
T+t P2PTa+my
Putting this in (1)

= pP1

Po
pr__(A+rTy) _hy 60

p2  po(L+7Tz) hy 50
1+1T, 6
= 1+rT1:§:>5+5rT2 =6+6rT;
=>5rT, —6rT; =1
=5Xrx100—-6xrx50=1
0.005
°C
Hence coefficient of absolute expansion of liquid
0.005
°C
. The apparent coefficient of expansion of a
liquid when heated in a copper vessel is C and
when heated in a silver vessel is S. If A is the
linear coefficient of expansion of copper, then
the linear coefficient of expansion of silver is

=200r=1=>r=

is

C+S-3A C+3A-S
(@) 3 (b) 3
S+3A-C C+S+3A
(©) 3 (d) 3
Solution:
The correct answer is B
C=y—-34
S=y—3ay,
C+34=5+3ay
C—-S+34
“0= T3 —

. The real coefficient of volume expansion of
glycerine is 0.000597 per°C and linear
coefficient of expansion of glass is 0.000009
per°C. Then the apparent volume coefficient
of expansion of glycerine is
(a) 0.000558 per°C (b) 0.00057 per°C
(c) 0.00027 per°C  (d) 0.00066 per°C

Solution:
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The correct answer is B

Coefficient of volume expansion of glycerine

= 0.000597per°C

Coefficient of volume expansion of glass
=3 x 0.000009 = 0.000027per°C

Apparent coefficient of volume expansion

= 0.000597 — 0.000027 = 0.00057per°C

6. The volume of a metal sphere increases by
0.24% when its temperature is raised by 40°C.
The coefficient of linear expansion of the
metal is ................ °C?

(@2 x10° (b) 6 x 10°
(c) 2.1 x 105 (d) 1.2 x 10°°
Solution:

The correct answer is A.
The change in volume is given by;

Vr =V,
= (yAT
7 (yAT)

024 _ o
100 7
0.24

— — —S5o0r—-1
Y =Tooxa0  °oxtocC

Therefore, Coefficient of linear expansion,
y _ 6x107°

73773

7. A clock with a metallic pendulum is 5 second
fast each day at a temperature of 15°C and 10
seconds slow each day at a temperature of
30°C . Find coefficient of linear expansion for
the metal.

(@)2.31 x 1072°C~1 (0)2.31 x 10~6°C~1
(c) 2.31 x 1075°Cc1 (d)2.31 x
10—4oc-1

=

=2x107°°C?

Solution:

The correct answer is C

Fractional increment in time with Temperature
change

At 1

T = E alAT BQ(].)

Where

t
<= fractional increment

a = coef ficient of linear expansion
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AT = change in temperature

Assume @ T = T, there is no gain and loss in
time

Case 1:
At ,
i gain 5secper day

_ 5

24 x 60 X 60
AT =T, — 15
Substitute values back in eq(1)

5 1

2ax60x60 2 %X To=15  eq(2)
Case 2:

t
- = loss 10 secper day

10
~ 724 %60 x 60
AT =T, — 30
Substitute values back in egn(1)

10 1
“Zaxo0x60 2 @xTo=30)  eq(®)
eq(3)
eq(2)

Ty — 30
4T T,—15

Ty — 30 = —2T, + 30

3T, = 60

Ty, = 20°C

Substitute this value of To in eq(2)
5 1

2% 60x60 2 <X 20-15
5 1

24X 60 x60 2 9%

Solve for a

a=231x1075C"?

8. Find the time during which a layer of ice of
thickness 2.0 cm on the surface of a pond will
have its thickness increased by 2 mm when the
temperature conductivity of ice = 5 x 1072 cal
cmts? (°C)7, density of iceat 0°C =0.91 ¢
cm~2 and latent heat of fusion = 80 cal g

(@)6min5s (b)2min6s
(c)13min20s (d)3min5s
Solution:

The correct answer is C.

Let t = time required to increase the thickness of
ice by Imm =0.1cm
Mass of ice required to be formed is:

Thermal Prop. of Matter

m = Volume X Density
Let A = Area of upper surface
Volume = Area X Thickness
Volume = A X 0.1
m=(Ax01)x1
m=01Agm-1
Now, heat must flow from lower surface to the
upper surface of ice and finally into atmosphere
O = heat that flows out of pond into atmosphere
A = Latent heat of ice
m = Mass of ice
k = co — efficient of thermal conductivity
A = Cross — sectional Area
t=time
x = Density between hot and cold surface
6, = temperature of hot surface
6, = temperature of cold surface
s 8=mL
0 = 0.1 X A x 80 (Using equation 1)
6 =8ACal - 2

_ KA(6, — 6,)t
o= x
Using equation 2
But

e KA(6; — 0,)t

X
8x

K6, 6,)

Now, x = 10cm

K = 0.005 cal|cm|A|°C

6, —6, =0—(—10) = 10°C

t

f=_5%5 _goos
~0.005x10 ec
T=13min20s

9. A body cools from 60°C to 50°C in 10 minutes.
If the room temperature is 25°C and assuming
Newton’s law of cooling to hold good, find the
temperature of the body at the end of the next
10 minutes.

(a) 42.85°C (b) 12.85°C
(c) 20.85°C (d) 52.85°C
Solution:

The correct answer is A.
According to Newton’s law f cooling

6, — 6, 0, + 6,

t _K[ 2 _90]
'60—50_K[60+50 25] D
' 10 2
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In Second case, if T be the final temperature after
10 minutes.
Then
50-6 50+ 6
0 K [ 3
Dividing (1) and (2)
10 30
m=?=>109 =60 x 50 — 6060
2
700 = 60 x 50

9—6OXS0—300—4285°C
70 7 T

- 25] ()

10. A rod of length 2m at 0°C and having

expansion coefficient a = (3x +2) x 107° °C
where X is the distance (in cm) from one end
of rod. The length of rod at 20°C is:

(d)2.124 m (b) 3.24 m
(c) 2.0120 m (d)3.124m
Solution:

Correct option is C.
di

O w4 0O

doc

X
a=0Bx+2)x107° , de = 20°
AL=fadxd6

l
=107 x zof (3x + 2)dx
0

[3x2 !
=10"%|—+ ZX]
2
i 0
32
=10"° 7+ 2[] x 20,1l =200 cm

— 10-6 E 2
= 107° |5 (200)* +2(200) | x 20

3
=10"° x2[§x><4>< 104+400]

=2 x107>[6 x 10* + 400]
= 2[0.6 + 0.004]

=1.208 cm
I, —1, =0.01208 m
[, =2.0120m

11. The volume of the bulb of a mercury

thermometer at 0°C is Vo and cross section of
the capillary is Ao. The coefficient of linear
expansion of glass is ag per °C and the
cubical expansion of mercury ym per °C. If
the mercury just fills the bulb at 0°C, what is

Thermal Prop. of Matter

the length of mercury column in capillary at
T°C.

@ VT (7, +33,) 0) VoT (7 —32,)

A, (1+ 2agT) A, (1+ 2agT)

VoT (7n+23,) VT (7, —23)
(c)

A (1+3a,T) A (1+3a,T)

Solution:

Correct option is B.
Expansion of mercury =
VoymT (in the volume)
Expansion in the volume of bulb = V,(3a,T)
Now after this expansion the mercury fills both
the bulb & the column. Hence the volume that
goes in the column is Vo (v —
3a,)T ,i.e (Vo¥mT — Vo3a,T)
Hence, hdo(1 + 2a4T) = Vo(¥im — 3a,)T

_ Vo(¥im —3ay)T

~ Ao(1 +2a,T)

12. A metal ball immersed in Alcohol weights W1

at 0°C and W, at 50°C. The coefficient of
cubical expansion of the metal (y)m is less
than that of alcohol (y)a. Assuming that
density of metal is large compared to that of
alcohol, it can be shown that

(a) Wi >W, (b) Wi =W>
() W1 <W; (d) any of (a), (b)
or (¢)

Solution:

Correct option is C.

Since, it is given that the coefficient of cubical
expansion of alcohol is more than that of the
metal.

This statement means that when we raise the
temperature, the volume of alcohol increase at a
faster rate than as compared to the increase in
volume of metal ball.

Or in other words, the density of alcohol
decreases at a faster rate as compared to metal
ball. As a result, the metal ball experiences a
lesser buoyant force as the temperature is
raised. Hence, the weight at increased
temperature would be more.

Hence, answer should be W1 < W,

. In aluminium sheet there is a hole of

diameter 2m and is horizontally mounted on
a stand. Onto this hole an iron sphere of
radius 2.004 m is resting. Initial temperature
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Adaptive Problems Book in Physics (Vol. 13) Thermal Prop. of Matter

of this system is 25° C. Find at what
temperature, the iron sphere will fall down
through the hole in sheet. The coefficients of
linear expansion for aluminium and iron are
2.4 x10° and 1.2 x 107° respectively.

(a) 192°C (b) 142°C
(c) 145°C (d) 8°C
Solution:
Steel

Aluminium

As value of coefficient of linear expansion for
aluminium is more than that for iron, it expends
faster then iron. So at some higher temperature
when diameter of hole will exactly become
equal to that of iron sphere, the sphere will pass
through the hole. Let it happen at some higher
temperature T. Thus we have at this temperature
T

21 + (T — 25)] = 2.004 [1 + oy (T — 25)] 204 (T — 25) = 0.004 +

2,004t (T — 25)

or T=(mims +25)°C

or T = s5ggsesmaniasios T 25
or T =191.7°C
14. An iron ball has a diameter of 6 cm and is

0.010 mm too large to pass through a hole in
a brass plate when the ball and plate are at a
temperature of 30°C. At what temperature,
the same for ball and plate, will the ball just
pass through the hole?

(a) 23.8°C (b) 13.8°C
(c) 53.8°C (d) 83.8°C
Solution:

Correct option is C.
Since the linear expansion is given by the
expression Al = laAT
Hence, in the given situation, since both iron
ball and brass plate will expand.
Hence,
d(@prass — Arron) AT = 0.01 mm
60(agrass — Aron) AT = 0.01
60(19 — 12)107%(T — 30) = 0.01
T =53.8°C
15. A steel tape gives correct measurement at

20°C. A piece of wood is being measured
with the steel tape at 0°C. The reading is 25
cm on the tape, the real length of the given
piece of wood must be:

(@) 25 cm (b) <25 cm
(c)>25cm (d) can not say
Solution:

Correct option is B

Since temperature is decreased, length of the
steel tape will decrease.

So, whatever we will measure will show more
than the actual length.

So the real length of wood must be less than
25cm.

16. A rod of length 20 cm is made of metal. It
expands by 0.075 cm when its temperature is
raised from 0°C to 100°C. Another rod of a
different metal B having the same length
expands by 0.045 cm for the same change in
temperature, a third rod of the same length
is composed of two parts one of metal A and
the other of metal B. Thus rod expand by
0.06 cm. for the same change in temperature.
The portion made of metal A has the length:

(&) 20 cm (b) 10 cm
(c) 15cm (d) 18 cm
Solution:

Correct option is B.

Let I; be the length of potion of metal A and I,
be the length of potion of metal B.

Thusly + I, =20cm

For the given change in temperature, change in
length « initial length of rod

Hence

L
Aly = 0.075 55
And

L
Al, = 0.045%

Thus
Al; + Al, = 0.060
Solving for I, gives
ly =10cm

17. A sphere of diameter 7 cm and mass 266.5
gm floats in a bath of a liquid. As the
temperature is raised, the sphere just begins
to sink at a temperature 35°C. If the density
of a liquid at 0°C is 1.527 gm/cc, then
neglecting the expansion of the sphere, the
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coefficient of cubical expansion of the liquid
is f:
(a) 8.486 x 107 per °C (b) 8.486 x 10°°
per °C
(c) 8.486 x 107 per °C (d) 8.486 x 102
per °C

Solution:
Correct option is A
let p, = density of liquid at t°C and p,

= density of liquid at 0°C

As the sphere just begins to sink at t = 35°C,
weight of sphere = upward thrust
Or

4
§nr3ptg = 266.5g

Or

266.5 x 3 1.485g
Pt = 4 x314x (352 cc
Now
po = pe[1 +yt]
Or
1.527 = 1.485[1 + y x 35]
Or

0—4—

y = 8.486 X C

18. A glass flask contains some mercury at room
temperature. It is found that at different
temperatures the volume of air inside the
flask remains the same. If the volume of
mercury in the flask is 300 cm?, then volume
of the flask is (given that coefficient of
volume expansion of mercury and coefficient
of linear expansion of glass are 1.8 x 107
(°C)tand 9 x 10° (°C)™ respectively)

(a) 4500 cm?® (b) 450 cm?
(c) 2000 cm?® (d) 6000 cm
Solution:

Correct option is C.
Since the volume of air inside the flask remains
same,

Vmercury Vmercury = Vf lask Vf lask
= 1.8 x107* x 300 = 3 X (9 X 10~ Vg6
Velask = 2000cc

19. Two vertical glass tubes filled with a liquid
are connected by a capillary tube as shown in
the figure. The tube on the left is put in an ice
bath at 0°C while the tube on the right is

kept at 30°C in a water bath. The difference
in the levels of the liquid in the two tubes is 4

Explore more at www.ph

cm while the height of the liquid column at
0°C is 120 cm. The coefficient of volume
expansion of liquid is (Ignore expansion of
glass tube)

4 cm i % ' —t—+ Water
120 cm gﬁ :;l:;'_.
R
0°C -’*30%0320:: +430°C
(@) 22 x 10 /°C (b) 1.1 x 10 /°C
() 11 x 10 /°C (d) 2.2 x 10 /°C

Correct option is C
Pressure at the bottom of both the tubes must be
same.

hip1g = hap2g
:>h1P1:h2< h )

1+t
124
=a+yt= 130
107*
y=11.11 x °C

20. Three aluminium rods of equal length form

an equilateral triangle ABC. Taking O
(midpoint of rod BC) as the origin. Find the
increase in Y-coordinate of center of mass
per unit change in temperature of the system.
Assume the length of the each rod is 2m, and

a, =4/3x10°/°C

B 0 ‘

Solution:

Distance of O from the centre of mass = Radius
of inscribed circle in the triangle
— \/§ J—
= ?L =R
Thus, change in this radius per unit change in
temperature = Ra

V3 107 107%m

=—L X4v3 X =2X
6 V3 °C °C

21. A clock is calibrated at a temperature of
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20°C. Assume that the pendulum is a thin
brass rod of negligible mass with a heavy bob
attached to the end (o, =19%x10°/K ).
(a) on a hot day at 30°C the clock gains 8.2
sec

(b) on a hot day at 30°C the clock loses 8.2
sec

(c) on a cool day at 30°C the clock gains 8.2
sec

(d) on a cool day at 30°C the clock gains 8.2
sec

Solution:

1
For pendulum clock T o VI o [2

AT 1Al
T 21
AT 1 A6
T =~ 2¢

1
AT=lossorgainoftime=§xaxA9xT

On a hot day (at high temperature),
There is loss
Loss of time per day AT

1
=3 a6 (86400)sec

1
AT =2 x 19 X 1076 x (30 — 20)(86400)
= 9.5x 1076 x 10 X 86400

= 8.208—.

day
22. At 40°C, a brass wire of 1 mm radius is hung
from the ceiling. A small mass, M is hung
from the free end of the wire. When the wire
is cooled down from 40°C to 20°C it regains
its original length of 0.2 m. The value of M is
close to: (Coefficient of linear expansion and
Young's modulus of brass are 10-°/°C and
10! N/m?, respectively; g = 10 ms)

() 9 kg (b) 0.5 kg

(c) 1.5 kg (d) 6 kg
Solution:

Load = Stress X Area

Mg = =LA

L
and A=zr®= 7[(10_3)2 =7x107°

LocATzE

F x0.2

Or 02x10°x20=——=
(7r x107° ) x10"

~F=20n N

Thermal Prop. of Matter

am="t_27 =6.28kg
g

23. On a linear temperature scale Y, water

freezes at — 160° Y and boils at — 50°Y. On
this Y scale, a temperature of 340K would be
read as : (water freezes at 273 K and boils at
373 K)

(@)-73.7°Y (b) —233.7°Y
(c) - 86.3°Y (d)-106.3°Y
Solution:

© Reading onany scale—LFP
UFP — LFP

= constant for all scales

340273  °Y —(-160)

373-273 50— (-160)

67 y+160
100 110
~Y=-86.3°Y
Beginner Heat Transfer - Conduction

1. The coefficient of thermal conductivity

depends upon

(a) Temperature difference of two surfaces
(b) Area of the plate

(c) Thickness of the plate

(d) Material of the plate

The correct answer is D.

Thermal conductivity of any object depends solely
on the material of the object.

It is an intrinsic property and is independent on
dimensions/mass/etc of the body.

For example, all iron rods will have same thermal
conductivity.

All copper rods will have same thermal
conductivity.

But, thermal conductivity of iron will be different
from that of copper rod.

2. The dimensions of thermal resistance are

(@) M 'L?T3K
(©) ML’T°K

(b) ML*T K™
(d) MLT K™

The correct answer is A.
Thermal resistance is a heat property and a
measurement of a temperature difference by
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which an object or material resists a heat flow (
heat per unit time or thermal resistance ).
Thermal difference

Thermal Resistance =
Thermal current

B AT
" Rate flow of heat

AT [K]
= = [M71L72T3K
8Q =T | .
At
The dimensional formula for thermal resistance is
[M~1L72T3K]
3. Find the final temperature at junction.
T, T=2 T
T 2
—~ « (] « -
A 2 l,
Solution:
K, T K,
AQ Q 0
T, l ‘,
(2)=(%)
t t
K1A(T1—T) _ K A(T-T,)
I - L
KL+ KL
4. Find the junction temperature T1 & To.
T T
100°C t 1
0°C
o= Qe
& / ¢ (
Solution:

The answer is 85.7°C & 57.1 °C.

2K K K/2

a 0) 0) 0
100°C T, T, 0°C
1 1 + 1 4 2
2k ko k

K — 2K
¢ 7
At steady state

K
2K(100 —=Ty) = K(T, — T,) = 5(T2)
_ 2K 1
=~ (100)

2K
2K (100 — T;) = =~ (100)

100
100 — T1 = T
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T, = 100 100—600—85 7°C
e 7 7 T
Kr —ZK(100)
227 7

400
T2=T=57'10C

5. Two bars of thermal conductivities K and 3K
and lengths 1cm and 2 cm respectively have
equal cross sectional area, they are joined
lengths wise as shown in the figure. If the
temperature at the ends of this composite bar
is 0°C and 100°C respectively (see figure), then
the temperature @ of the interface is

oeC E k¥4 100°C
1em 2em
(a) 50°C (b) % °C
(c) 60°C (d) % °C
Solution:

The correct answer is C.

Temperature of interface is 6 =
K10:111+K2051,  KX0X1+3Kx100X1 _ 300K
Kil1+K5lp KX2+3Kx1 5K

6. The coefficient of thermal conductivity of
copper is nine times that of steel. In the
composite cylindrical bar shown in the figure.
What will be the temperature at the junction
of copper and steel

100=C 0=C

60°C

Copper | Steel |

1B cm 6 cm
(a) 75°C (b) 67°C
(c) 33°C (d) 25°C
Solution:

The correct answer is A.
Heat current along the rod will be same
dq 9kA(100 —T) kA(T —0)
dt 18 T 6
T =75°C
7. 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
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100°C c

T0°C
24 4
«— Im 1m
(a) 80°C (b) 85°C
(c) 90°C (d) 95°C

Solution:
The correct answer is C.
Here, K, = K, ,l; = I, = 1m ,A; = 24, =
2A
Where, 4, = A
Also, T; = 100°C and T, = 70°C
Using
AQ KA(AT)
A 1
Let temperature at C be T, then

AQY  (AQ
(3, = ().,
K2A(100 —T)  KA(T —70)
h 1 B 1
200—2T =T —-70=>T =90°C

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

20rC

(a) 45°C (b) 60°C
(c) 30°C (d) 20°C
Solution:

The answer is B.
Let 6°C be the temperature at B. Let Q be the heat
flowing per second from A to B on account of
temperature difference by conductivity.

_ KA(9;) 0) (D
Where k = thermal conductivity of the rod, A =
Area of cross section of the rod, [ = length of the
rod. By symmetry the same will be the case for
heat flow from C to B.
=~ The heat flowing per second from B to D will be

KA(B -0
20 =¥ e (2)

Dividing Eq. (2) by Eg. (1)

9. Find the temperature at junction.

50°C
3k 2k
100°C
k 0°C
(@) 55.7°C (b)58.7°C
(c) 66.7°C (d) 59.7°C
Solution:
The correct answer is C.
50°C
3K s 5
100°C Q Q.
K ~oc
G_0_0
t t t

3K(100 — ) = 2K (8 —50) + K(6 —°0))
3(100 — ) = 2(6 — 50) + 6

300 —30 =20 —-100+60

66 = 400

200
0= = = 66.7°C

10. If two metallic rods of equal thicknesses and
thermal conductivities K; and K; are put
together face to face and a common junction
is constructed, then the equivalent thermal
conductivity of this rod will be

e S——
K,K 2K.K
(a) K1—2 (b) -1 2
L+ K, K, +K,
2 2\3/2 2 2\3/2
(C) (Kl}z_EZ) (d) (Klz:;KKZ)
112 112
Solution:

The correct answer is B.
We know that

The equivalent resistance R = R; + R,

=14 - 1k
R, = and R, = o A
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Buthere L; = L, = Land A;and Az. Then,

R =2 _ 1 l
€4 keqA k1A  kzA

Where L1 & L, are rod 1 & rod 2 thickness, K;
& K, are coefficient thermal conductivity of rod
1 & rod 2 respectively.
K = 2K K,
K, +K,
11. The ratio of thermal conductivity of two rods

of different material is 5 : 4. The two rods of
same area of cross-section and same thermal
resistance will have the lengths in the ratio

@4:5 0)9:1

(©1:9 (d)5:4
Solution:

The correct answer is D.

Given

K, 5
Al = AZ and K_Z = Z
.'.R1=R2:> ll lz =>l_1—&_5

KA, KA, 1, K, 4

12. The temperature gradient in a rod of 0.5 m
long is 80°C /m. If the temperature of hotter
end of the rod is 30°C then the temperature
of the cooler end is

(a) 40°C (b) —10°C

(c) 10°C (d) 0°C
Solution:

The correct answer is B.

30—-6

=80=>30—60=40=0=-10°C

0.5
13. The heat is flowing through two cylindrical
rods of same material. The diameters of the
rods are in the ratio 1:2 and their lengths are
in the ratio 2:1. If the temperature difference
between their ends is the same, the ratio of
rate of flow of heat through them will be

(a) 1:1 (b) 2:1
(c)1:4 (d) 1:8
Solution:

The correct answer is D.
Diameter are in ratio 1:2, so areas are in ratio
1:4
Lengthsareinratio2: 1
Hence, A/L ratiois1: 8
Since other factors are constant, ratio of heat
flowis1: 8
_ KA(6, — 6,)t
l

14.

Consider a compound slab consisting of two
different materials having equal thickness
and thermal conductivities K and 2K
respectively.

The equivalent thermal conductivity of the
slab is

(@) V2K (b) 3K
4 2
© 5K (d) 3K

15.

The correct answer is C .

2K.K, 2.K.2K 4
Kea =k 7k, K+2K "3

1 2
Two rods having thermal conductivity in the
ratio of 5 : 3 having equal lengths and equal
cross-sectional area are joined by face to
face. If the temperature of the free end of the
first rod is 100°C and free end of the second
rod is 20°C. Then temperature of the
junction is

(a) 70° C (b) 50° C
(c)50° C (d) 90° C
Solution:

16.

The correct answer is A.

Let the thermal conductivity of first rod be 5K
Let the thermal conductivity of second rod be 3K
Now, sum of heat current flowing through the
junction = 0

5KA(100 —T) N 3KAQ0—-T) _ 0

x x
500 -5T+60—-3T =0
8T = 560
~T=170°C

Three identical rods A,B and C of equal
lengths and equal diameters are joined is
series as shown in following fig. Their
thermal conductivities are 2K,K and K/2
respectively. Calculate the temperature at
two junction points.

T; T,

100°Cc| A B C |o°c
2K 0.5K

(a) 85.7,57.1°C  (b) 80.85, 50.3°C
(c) 77.33,48.3°C  (d) 75.8,49.3°C

Correct option is A
Governing equation:
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AT
Q =KAT

Heat flowing through all the rods is the same,
and all rods have same lengths and cross
sectional areas.

Q xl

i.e. = KAT = constant;

i.e.0.5K(T, —0) = K(T; — T,)
=2K(100 — T})

Combining any two of those equations and

solvingwe get T; = 85.7and T, = 57.1

17. A wall has two layer A and B each made of

18.

different material, both the layers have the
same thickness. The thermal conductivity of
the material A is twice that of B. Under
thermal equilibrium the temperature
difference across the wall B is 36°C. The
temperature difference across the wall A is

(a) 6°C (b) 12°C
(c) 18°C (d) 72°C
Solution:

Correct option is B.

Considered two walls ‘A’ and ‘B’ of thickness
‘t” each, and thermal conductivity of ‘2K’ and °
K’ respectively.

The temperature at the left of A=T,
The temperature at theright of B =T,
The temperature at the junction =T

Heat flow is a constant in steady state:

dT
Q = KA— = constant

dx
Equating heat flow for both walls we get,
T-T, T, —T
2KA = KA
t—0 2t—t

which simplifies to : 3T =T, + 2T,
Also given that the temperature difference
between the walls is 36°C

T, — T, = 36

Combining the two equationinT,T,.T, and
eliminating T,

We get

T—T, =12°C

Three rods made of the same material and
having same cross-sectional area but
different lengths 10cm, 20 cm and 30 cm are
joined as shown. The temperature of the
jointis:

Thermal Prop. of Matter

20°C

20 cm
30 cm 10 cm
o
30°C 10°C
(a) 20°C (b) 23.7°C
() 16.4°C (d) 18.2°C
Solution:

Correct option is C.

Let 0 be the temperature of junction and H, H, and

H; the heat currents.Then

2°C

30°C 10°C
Hy = H, + H,

Or

30-6_6-20 6-10

) &) (&)

or 2(30 — 8) = 3(6 — 20) + 3(20 — 20)
or 8 = 16.36°C = 16.4°C

19. Six identical conducting rods are joined as
shown in figure. Points A and D are
maintained at temperature of 200°C and
20°C respectively. The temperature of
junction B will be:

A
200°C 20°C
(a) 120°C (b) 100°C
(c) 140°C (d) 80°C
Solution:

Correct option is C.

Kgc = k(wheat stone bridge)
kA(200 —tg) kA(tp —tc)  kA(tc — 20)

1 1 1
tp = 140°C & t. = 80°C

20. Three identical rods AB, CD and PQ are
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joined as shown. P and Q are mid points of
AB and CD respectively. Ends A, B, Cand D
are maintained at 0°C, 100°C, 30°C and
60°C respectively. The direction of heat flow
in PQ is

0°C 30°C
A C
P Q
B D

100°C 60°C

(a) fromPto Q
(b) fromQto P
(c) heat does not flow in PQ
(d) data not sufficient
Solution:
Correct option is A.
Both the rods AB and CD are in steady state.
i.e the temperature gradient is a constant and the
temperature drops linearly with distance.

S Tp+Tp
Temperature at midpoint of AB = >
=50°C=Tp
S Te+Tp
Temperature at midpoint of CD = >

=45°C =Ty,
Since temperature at P is more than that at Q,
heat flows from P to Q.

21. A composite rod made of three rods of equal
length and cross-section as shown in the fig.
The thermal conductivities of the materials
of the rods are K/2, 5K and K respectively.
The end A and end B are at constant
temperatures. All heat entering the face A
goes out of the end B there being no loss of
heat from the sides of the bar. The effective
thermal conductivity of the bar is

A B
K72 5K K
(a) 15K/16 (b) 6K/13
(c) 5K/16 (d) 2K/13
Solution:

Correct option is A.

By given concept
3 1 I 1

K K 5k
2

Thermal Prop. of Matter

3l_2[+l+l_101+l+51_16l
K k 5k k 5k Y

_ 15k

16

i A ]

— k2 | 5k [ k |
[ 3

3¢
22. The figure shows the face and interface
temperature of a composite slab containing
of four layers of two materials having
identical thickness. Under steady state

condition, find the value of temperature 0.
20°C 10°C & -5°C -10°C

K = thermal conductivity

) Q dT
Since,— = KA—
t dx

In steady state, same heat will pass
10—-6 6 — (=5
L0-0)  (0-(5)

2

Ax Ax
~ 30 =15
9 = 5°C

23. A rod of length L and uniform cross
sectional area has varying thermal
conductivity which changes linearly from 2K
atend A to K at the other end B. The ends A
and B of the rod are maintained at constant
temperature 100°C and 0°C, respectively. At
steady state, the graph of temperature: T =
T(x) where x = distance from end A will be

T T
100°C ‘ i um"cb_>
(a) L (b) L
100°C 100°C
©) L (d) g

Solution:
Correct option is B.
dQ dT
’n =K (&) = constant at steady state
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24,

dT 1

—_— cx —_—
dx K

But K decreases linearly from A to B
At

x=0, T=100C, K, =2K
x=2, T=0C, K=K
TA
100°C

T > A
The temperature drop through a two-layer
furnace wall is 900 °C. each layer is of equal
area of cross section. Which of the following
actions will result in lowering the
temperature 0 of the interface?

Inner Outer
layer layer

-]
(a) by increasing the thermal conductivity of
outer layer
(b) by increasing the thermal conductivity of
inner layer
(c) by increasing thickness of outer layer
(d) by increasing thickness of inner layer

Solution:

Correct options are A & D.
H = rate of heat flow

900
B ll lO
KA T oA
li
Now,1000 — 8 =
ow, KA
Or
6 = 1000 %00 4
B b, b KA
KA T KA
= 1000 900
B B 140 K
KAL

Now, we can see that 8 can be decreased by
increasing thermal conductivity of outer layer
(K,) and thickness of inner layer (1,).
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25. One end of a conducting rod is maintained at

temperature 50°C and at the other end, ice is
melting at 0°C. The rate of melting of ice is
doubled if:

(a) the temperature is made 200°C and the
area of cross-section of the rod is doubled
(b) the temperature is made 100°C and
length of rod is made four times

(c) area of cross-section of rod is halved and
length is doubled

(d) the temperature is made 100°C and the
area of cross-section of rod and length both

are doubled.
Solution:
Correct option is D.

AT
Rate of heat transfer Q = KAT

Initially

Q= KASTO
Option (8) : Q, = 8
Option (b) : Q; =%
Option (¢) : Q, :%

Option(d): Q, = Q

Expert

1. Two identical conducting rods are first
connected independently to two vessels, one
containing water at 100°C and the other
containing ice at 0°C. In the second case, the
rods are joined end to end connected to the
same vessels. Let m; and m; g/s be the rate of

melting of ice in the two cases respectively, the

ratio % s.
m,
@1:2
(b)y2:1
©4:1
(d)1:4
Solution:

o)

Heat Transfer - Conduction
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2. Three rods of identical cross-section and
lengths are made of three different materials
of thermal conductivity K1, K; and Ks,
respectively. They are joined together at their
ends to make a long rod (see figure). One end
of the long rod is maintained at 100°C and the
other at 0°C (see figure). If the joints of the
rod are at 70°C and 20°C in steady state and
there is no loss of energy from the surface of

the rod, the correct relationship between Kj,
K K, K,
100°C 0°C
K and K3 is: 70°C 20°C
(a) K1:K3=2:3, K1<K3=2:5
(b) Ki <K <Kz
(C) K1:K2:522, K1:K3:325
(d) Ki>K;>K;
Solution:
() As the rods are identical, so they have same
length (1) and area of cross-section (A). They are
connected in series. So, heat current will be same
for all rods.

Heatcurrentz(gj =(£) =(£j
At ) At Joc At Jep

(100-70)K,A _(70-20)K,A (20-0)K,A
| B [ B |

K1(100 — 70) = K3 (70 — 20) = K3 (20 — 0)

K1(30) = K2(50) = K3(20)

K, K, K,

2

10 6 15
Ki:Ky:K3=10:6:15
Ki:Ks=2:3.

3. Two materials having coefficients of thermal
conductivity '3K" and 'K" and thickness 'd"
and 3d’, respectively, are joined to form a slab
as shown in the figure. The temperatures of
the outer surfaces are ‘0>’ and ‘0,’
respectively, (02 > 01). The temperature at the
interface is:

d 3d

B,| 3K K 0,

6 96 o, + 06,
a) L4+=22 by 22
()10 10 (b) 2

6 56 g 26
c _1+_2 d _1+_2
()6 5 ()3 3
Solution:
(a)H1=H2

Thermal Prop. of Matter

6,3k | k|6,

or (3k)A(6’2d_9j = kA(Q;(flj

or 8= w
10

4. A cylinder of radius R is surrounded by a
cylindrical shell of inner radius R and outer
radius 2R. The thermal conductivity of the
material of the inner cylinder is K; and that of
the outer cylinder is Kz. Assuming no loss of
heat, the effective thermal conductivity of the
system for heat flowing along the length of the
cylinder is:

@) 2 (b) Ki + Ko
© 2K1;3K2 (d) K, +43K2
Solution:

(d) Effective thermal conductivity of system

"
o

_KATKA
TOA+A
KrR® +K,| 7(2R)" - 7R? |
- 7r(2R)2
_ Kl(ﬁR2)+ K, (37TR2) _ K, +3K,
47R? 4

5. A heat source at T = 10° K is connected to
another heat reservoir at T = 102 K by a
copper slab which is 1 m thick. Given that the
thermal conductivity of copper is 0.1 WK™ m-
1 the energy flux through it in the steady state
is:

(@) 90 Wm= (b) 120 Wm™
(c) 65 Wm™ (d) 200 Wm™2
Solution:(a)
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Temp. of Temp. of
heat source  heat reservoir

5 |le—1m—
10K 10K

(#2).tear -

dt I

dQ kAT
Energy flux, —| — |=——
4 ( dt j |

_(0.2)(900) _ oo

6. A deep rectangular pond of surface area A,
containing water (density = p, specific heat
capacity =), is located in a region where the
outside air temperature is a steady value at
the —26°C. The thickness of the frozen ice
layer in this pond, at a certain instant is x.
Taking the thermal conductivity of ice as K,
and its specific latent heat of fusion as L, the
rate of increase of the thickness of ice layer, at
this instant would be given by
(a) 26K/p r(L—4s)  (b) 26K/(px>-L)
(c) 26K/(pxL) (d) 26K/pr(L + 4s)
Solution:
(c) If area of cross-section of a surface is not
uniform or if the steady state condition is not
reached, the heat flow equation can be applied to
a thin layer of material perpendicular to direction
of heat flow.
The rate of heat flow by conduction for growth
of ice is given by,

49 _ KA(6,-6)

dt X
where, d0 = pAdxL, 6o =0 and 6; =0
Given, 0o = 0°C, 0; = - 26°C
The rate of increase of thickness can be
calculated from Eq.

de KA(@ -6,)

dt X

pAdxL _ KA(6,-6,)
dt X

dx KA(6,-6,)

dt pAxL

_K[0-(-26)] 26K

B XL - XL

7. Two rods A and B of different materials are

welded together as shown in figure. Their
thermal conductivities are K; and Ky. The
thermal conductivity of the composite rod will

bez%éfgyfq
\\\\ K,

K, +K, 3(K +K,)
() BT (b) -,
(C) Ki + K, (d) 2(K1 + Kz)
Solution:
(@) In parallel arrangement of n rods Equivalent

thermal conductivity is given by

KA +KA +. +K A
W A+A+LFA
If rods are of same area, then
K, +K,+..+K
Keq —_1 Zn n
Now, in the question, it is not given that rods are
of same area. But we can judge that from given
diagram.
=~ Equivalent thermal conductivity of the system
of two rods
K +K,
eq 2
8. Two rectangular blocks A and B of different
metals have same length and same area of
cross-section. They are kept in such a way that
their cross-sectional area touch each other.
The temperature at one end of A is 100°C and
that of B at the other end is 0°C. If the ratio of
their thermal conductivity is 1 : 3, then under
steady state, the temperature of the junction
in contact will be

g
ZNN\
o

w

K

(a) 25°C (b) 50°C
() 75°C (d) 100°C
Solution:

The answer is A.

We know that H; = H,
KA(100 —T) 3KA(T —0)

= 1 - 1

=100—-T =3T =T = 25°C
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/ T /
100°C k 3k 0°C
A A

9. 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
(c) 60°C (d) 40°C
Solution:

The answer is A.

As we know that conductive heat flow is given as
_ KAAT

L
and it is given that relation between thermal
conductivity are as follow,

Kprass = 4'Kcopper

So, let an intermediate temperature T will line at
inside the slab.

Therefore, we equate the rate of heat flow from
copper surface and brass surface, as follow

Kprass (100 —T) = Kcopper(T —0)
4(100-T)=T -0
T = 80°C

Pro Heat Transfer - Conduction

1. Wires A and B have identical lengths and have
circular cross-sections. The radius of A is
twice the radius of B i.e. ra = 2rg. For a given
temperature difference between the two ends,
both wires conduct heat at the same rate. The
relation between the thermal conductivities is

given by

(a) Ka=4Kg (b) Ka = 2Kg

(C) Ka = Kg/2 (d) Ka = Kg/4
Solution:

The answer is D.
Q KAAO K, Ap rg\%¢ 1
—=——>—=—=(—) =—=>KA
t 1 Kz Ay
Kp

T4
2. A heat flux of 4000 J/s is to be passed through
a copper rod of length 10 cm and area of
cross-section 100 cm?, The thermal
conductivity of copper is 400 W/m °C. The
two ends of this rod must be kept at a
temperature difference of

Explore more at www.ph
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(a) 1°C (b) 10°C
(c) 100°C (d) 1000°C
Solution:

The correct answer is C.

A6
Heat flux is given as H = KA T

So the temperature difference will be A9
HI

“ kA
2000/ 5 0.1m

S
= = 1000C
400w X 0.01m?
mC

3. Two metal cubes A and B of same size are

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

100°C 4 | B 0°C
(a) 45°C (b) 90°C
(c) 30°C (d) 60°C

Solution:

The correct answer is D.
The heat temperature through A per second

_ K;A(100 —¢t)
1=
The heat transferred through B per second
_ K,A(t—0)
2=
At steady state, K1A(100-) _ KzA(t=0)

1
= 300(100 — t) = 200(t — 0)
=300 — 3t = 2t = t = 60°C

4. A wall is made of two equally thick layers A

and B of different materials. The thermal
conductivity of A is twice that of B. In the
steady state, the temperature difference across
the wall is 36°C. The temperature difference
across the layer A will be

(2)10°C (b) 14°C
(©)12°C (d) 18°C
Solution:

The correct answer is C.
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Here, KA = ZKB,TA - TB = 360C
Let T is the temperature of the junction
As

AT AT
@), - @),
CKjA(Ty—T)  KpA(T —Tg)
" X - X
2Kp(Ty — T) = Kg(T — Tp)
2(Ty —T) = (T —Tp)
Add (T, — T) on both sides, we get
3(Ty—T))=Ty—T+T—Ts
3((TA - T)) =Ty —Tg
Ty—Ts 36

=—=12°
3 3

Temperature difference across the layerA =T, —
T =12°C

5. 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 T (T2 > T1). The rate of heat
transfer through the slab, in a steady state is,
with f equal to (see Fig.)

TA—T=

leX 4x
T, K 2K T,
@)1 (b) %
(c) 2/3 (d) 1/3

Solution:
The correct answer is D.
The thermal resistance of both the blocks will be
X 4x 2x
ﬁ and m = ﬁ
respectively. Since the two
resistors are in series,
(as same heat current will
Flow through both), equivalent thermal resistance
will be
X 2x  3x
Rea=4a*ka~xa
Thus, heat current will be
dQ T,—-T; 1KA(T,—-T,)
dat Req -3 X
Hence,

1
f=3
6. A double pane window used for insulating a

Thermal Prop. of Matter

room thermally from outside consists of two
glass sheets each of area 1 m? and thickness
0.01 m separated by a 0.05 m thick stagnant
air space. In the steady state the room glass
interface and glass outdoor interface are at
27°C and 0°C respectively. Calculate the rate
of flow of heat through the windowpane. Also
find the flow of heat through the windowpane.
Also find the temperature of other interface if,
conductivities of glass and air are 0.8 and 0.08
Wm K respectively.

(@) 0.72°C (b) 0.52°C
(c) 0.192°C (d) 0.32°C
Solution:

The correct answer is B.
dQ AAT AT

As,— =K

e I R

L 1 [0.01 0.05
Regivatent = Za =7 [g X ﬁ]
5 1 5 26
A=1m :Reqivalent = E + g = E
dQ AT (27 -0) x40
—=— =" =415W
dt R 26
(27 = T,)
= 3 47
Now,415=08x1 001 orT,
= 26.48°C
45 = 28% 1~ 0) T, = 0.52°C
= 0.01 L

dQ
— =415W

dt
T, = 26.48°C
T; = 0.52°C

7. A copper rod 2 m long has a circular cross
section of radius 1 cm. One end is kept at
100°C and the other at 0°C, and the surface is
insulated so that negligible heat is lost through
the surface. Thermal conductivity of copper is
401 W/m-K. Find the temperature 25 cm
from the hot end.

(@) 20.5°C (b) 40.5°C
(c) 77.5°C (d) 87.5°C
Solution:

The correct answer is D.

() Thermal resistance
1 1

R =a =k
Or/

2 15.9K
k= ((401)(n)(10‘2)2) W

(b) Temperature gradient
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_0—100_ 50K
B 2 N m

= —50°C—
m

(c) Let 6 be the temperature at 25 cm from the hot
end, then
100c  9°C 0°C

I [ |

0.25m

) 2.0m

(6 — 100) = (temperature gradient)
X (distance)
or 6 — 100 = (—50)(0.25)
or 8 = 87.5°C
8. Two metal cubes with 3 cm—edges of copper

and aluminium are arranged as shown in
figure. Thermal conductivity of copper is 401
W/m-K and that of aluminium is 237 W/m-K.
Find the total thermal current from one
reservoir to the other.

<]
»

Al
100°C 20°C
Cu
(a) 1.6 KIW (b) 2.3 KIW
(c) 2. KIW (d) 0.94 K/W
Solution:

The correct answer is A

(a) Thermal resistance of aluminium cube,
l

R1 = ﬁ

_3.0x(1072)
0" R =273 (G0 x 10-2)2
014K
W

And thermal resistance of copper cube,

l
Rz —_ ﬁ
3.0 x 1072 0.08K
(401)(3.0 x 10-2)2 W
As these two resistance are in parallel, their
equivalent resistance will be

R.R
R:< 1 2)
Ry + R,

OT' R2=

_(0.14)(0.08)
"~ (0.14) + (0.08)
_ 0.05K

w

Thermal difference

~ Thermal current, H = -
Thermal resistance

B (100 — 20) 16 x (103)
~\ 005 / T w
_ 16K

w

9. Water is being boiled in a flat-bottomed kettle
placed on a stove. The area of the bottom is
300 cm? and the thickness is 2 mm. If the
amount of steam produced is 1 g/min,
calculate the difference of temperature
between the inner and other outer surfaces of
the bottom. The thermal conductivity of the
material of kettle = 0.5 cal cm?* s* (°C)* and
the latent heat of steam =540 cal g*.

(a) 0.012 °C (b) 0.0.04 °C
(c) 0.02°C (d) 0.0.08 °C
Solution:

Correct option is A

Let the temperature difference be t,

So the rate of heat conduction is given as % = %

where K = 0.5cal is the thermal conductivity,
A =300cm? is the area of surface, | = 0.2cm is
the thickness.

Now rate of vaporization is m; = 1gm min, so

heat absorption rate is 1 X Sg = 9cals™!

Equating the heat rate, we get 0.5 x 300 X Ot—z =

9=t =0.012°C

10. A cylinder of radius R made of a material of
thermal conductivity k; is surrounded by a
cylindrical sheet of inner radius R and outer
radius 2R made of material of thermal
conductivity k.. The two ends of the
combined system are maintained at two
different temperatures. There is no loss of
heat across the cylindrical surface and the
system is in steady state. Calculate the
effective thermal conductivity of the system.
(a) 4K = 2K; + 3K, (b) 4K =5K; + 3K,
(c) 4K = 6K + 4K, (d) 4K = K; + 3K;
Correct option is D.
Two cylinders are in parallel, therefore
equivalent thermal resistance R is given by
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11.

1 1 1
R R R,
But

l
k=

kA Ay koA,
TS T,
Hence,

l, =1, =1land A; = nR?

A, = m(2R)? — nR? = 3nR? and A = m(2R)?

= 4mR?
k4nR? k,mR? k,3mR?
T T T

ki 43k
lL.e = 4
4k = kl + 3k2

A lake is covered with ice 2 cm thick. The
temperature of ambient air is -15°C. Find
the rate of thickening of ice. For ice k = 4 x
10 k-cal-m™ s}(°C)™. Density =0.9 x 103
kg/m? and latent heat L = 80 Kilo Cal/Kg.
(a) 2.5 cm/ hour (b) 1.5 cm/ hour
(c) 3.5 cm/ hour (d) 4.5 cm/ hour

Solution:

12.

Correct option is B.
Heat energy flowing per sec given by

If dm is the mass of ice formed in time dt, then
dm Adxp A dX

ac . dt P

Since,

H = (dm)L
“\dt

dx .
“H=ApL ——— (i)
From equ (i) and (ii)

dx AG
ApLa = KA7
4x107*
~ 0.9 x 10° x 80

0—(-15)
X _—
< 2x1072 >

0—6
= 4.166 X

cm
= 1.45

hour
One end of a uniform brass rod 15 cm long

and 20 cm? cross-sectional area is kept at
100°C. the other end is at perfect contact

Explore more at www.ph
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with an iron rod of identical cross-section,
but length 8 cm. the lateral surface of the
composite rod is surrounded by a heat
insulator and the free end of the iron rod is
kept in ice at 0°C. if 684 gm of ice melts in 1
h, Determine the thermal conductivity of
iron. Thermal conductivity of brass = .25
cal/sec-cm°C and latent heat of ice =
80cal/gm.

Let the thermal conductivity of iron be

cal
K = T — cm°C.

The thermal resistance of brass rod

Iy 15cm
= = =3s—°C—

K;A  0.25 x 20 cal

And that of iron rod

b 8em 2 .
TKA Kx20 5K° “cal
Since, the two rods are arranged in series, their
effective thermal resistance is given by

Ry

R,

2
R:R1+R2:<3+§)S— CE

Now,rate of heat flow through the rods
AQ
T At
But
_ (6849) cal\ 15.2cal
~ 36005 ( 7) a
Since

S

(Tl — TZ)
ﬂ_(n_Tz)_R_ AQ
At~ R T (Ab)

2 (100 — 0)
<3 + ﬁ) S°C—l =
ca 15.2cal —s

10~ 3cal

K =1118 X —cm°C

S
13. A ring consisting of two parts ADB and ACB

of same conductivity k carries an amount of
heat H. The ADB part is now replaced with
another metal keeping the temperatures T,
and T, constant. The heat carried increases
to 2H. What ACB should be the conductivity

of the new ADB part? Given ACB _ 3:1
ADB
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7

(@) 3 k (b) 2k
5

(©) > k (d)3k
Solution:

Correct option is A.
Here, according to question
_KA(T, —T,)  KA(T; —Ty)

H, +H, 3 l
4
=§KA(T1 _Tz)
Now,
7KA(T, — T
H,=2H—H, = %
_ KA(T, - T,)
B l
-K—7K
2K =z

14. Twelve conducting rods form the riders of a
uniform cube of side 'I'. If in steady state, B
and H ends of the rod are at 100°C and 0°C.
Find the temperature of the junction 'A".

F G 0°C
E
H
100°C
> C
B
A D
(a) 80°C (b) 60°C
(c) 40°C (d) 70°C
Solution:
Correct option is B.
5R
For the cube, net resistance = 3
(Where R = thermal resistance of each side)
_ 100—-0
TSR
6

For side A
H1070% - eovc
3~ R 4T

15. A rod of length L with sides fully insulated is

Thermal Prop. of Matter

of a material whose thermal conductivity
varies with temperature as K = % , where a
is a constant. The ends of the rod are kept at
temperature T, and T». The temperature T
at x, where x is the distance from the end
whose temperature is Ty is

T, X T,
(@) Tl(-l-_lj (b) L'” T

Tx

© Te™ @ T+ 2 h

X

Option A is correct.
X

[P B
~ Ll

Substituting in equ (i)

T ()| = s0m()

() =m()
L\ T

X

To\L

(T—1> XTy =T

16. A thin walled metal tank of surface area 5m?
is filled with water tank and contains an
immersion heater dissipating 1 KW. The tank
is covered with 4 cm thick layer of insulation
whose thermal conductivity is 0.2 W/m/K.
The outer face of the insulation is 25 °C. Find
the temperature of the tank in the steady
state.
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17.

dQ KA dT @
a0 dx '
Given,

d

—Q =1kW = 10°W

dt

dx=4cm=4%x10"2m
K=02Wm 1K1
dT=T,-T, =T, — 25
Substituting the values in (i)
_0.2x5x (T, —25)

03
4 x 1072
~40=T,—25
« T, = 65°C

A cylindrical rod with one end in a stream
chamber and other end in ice cause melting
of 0.1 gm of ice/sec. If the rod is replaced
with another rod of half the length and
double the radius of first and thermal
conductivity of second rod is 1/4 that of first,
find the rate of ice melting in gm/sec.

Solution:

18.

l
R=—
KA
Lis halved, A is four times and K is ¥ times.
R will become half. Hence, heat current will

become two times. Therefore, rate of melting
ice will also become two times or 0.2g —s.

Seven rods A, B, C, D, E, F and G are joined
as shown in figure. All the rods have equal
cross-sectional area A and length |. The
thermal conductivities of the rods are Ka =
Kc = Ko, Kg = Kp = 2Ky, Ke = 3K, Kr = 4K
and Kg = 5K The rod E is kept at a constant
temperature T1 and the rod G is kept at a
constant temperature T, (T2 > Ty).

A B _
E F G
C D
(a) Show that the rod F has a uniform

temperature T _nt2ly

(b) Find the rate of heat flow from the source
which maintains the temperature T».

Solution:

The temperature at both ends of bar F is the
same
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19.

Thermal Prop. of Matter

Rate of heat flow to right = rate of heat flow
through left

= (2),+().= (), (),
LK —DA | K (T~ A

l l
_ Kp(T —Ty)4

!
Kp (T —T,)A
Lo T =T2)

l
= 2Ko(Ty —T) = 2 X 2Ko(T — T,)
T, —T = 2T — 2T,
Ty + 2T,

T = T
(b) As F have same temperature at both the
ends, it acts like wheatstone bridge ( no heat
flows through F )
R, and Ry are in series, R and R, are in series
Equivalent thermal resistance is

_ (Ry+Rp)(R¢ + Rp)

" (R4 +Rg +Rc +Rp)

1
(Thermal resistance = —)

KA
By putting the values of R4, Rz , R, Rp
3L

R=1ka

AT
=%

(Ty — T,)4Ko4
1= 3L

End A of a rod AB of length L = 0.5 m and of
uniform cross-sectional area is maintained at
some constant temperature. The heat
conductivity of the rod is k =17 J/s-m°K.
The other end B of this rod is radiating
energy into vacuum and the wavelength with
maximum energy density emitted from this
end is 75000 A. If the emissivity of the end B
is e = 1, determine the temperature of the
end A. Assuming that except the ends, the
rod is thermally insulated.

Solution:

Heat flowing through rod = Heat radiation
through B

” [=0.5M >
A B
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/141(
289><10
7.5x 1076

=+

5.67 X 1078 x 0.5 x 2.89* x 10712
(7.5x107%)* x 17

(i
(
<289><10 )
(
(7

+

7.5% x 17 x 10724
2.89 x 10~ )

5.67 X 0.5 X 2.89% x 10~ 2010‘*)

+

5.67 X .5 x 2.89% x 108
( 7.5% x 17 )
= 422.09K
20. 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 %

is connected across AB (See figure). In steady
state, temperature difference between P and
will be close to:

WLl L Ll
L A 1
1A g
A 7 777 777 B

2

(a) 45°C (b) 75°C

(c) 60°C (d) 35°C

Solution:
@ AT, :;2_0 _ 120x5
Rus Sr 8R

5
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AW
L/4 % R4 R Ra % /4
120 0
MWW\ A MW,—e
A rn P Q R2 B

In steady state temperature difference between P
12055, 3r =30 g5ec
8R 5 8

21. Three rods of Copper, Brass and Steel are
welded together to form a Y shaped
structure. Area of cross — section of each rod
=4 cm?, 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 excepts 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:

and Q, AT, =

(@) 1.2 calls (b) 2.4 calls
(c) 4.8 calls (d) 6.0 calls
Solution:

(c) Rate of heat flow is given by,
KA(6,-6,)
Q= |
Where, K = coefficient of thermal conductivity

| = length of rod and A = area of cross-section of
rod

100°C

Copper

T

Steel Brass

0°C 0°C
If the junction temperature is T, then
Qcopper = Qprass + Qsteel
0.95x4(100-T)

46
3 0.26><4><(T —0) N 0.12><4><(T —0)
13 12

200-2T=2T+T
T=40°C
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QCOpper = M = 4.8 cal/s
46

22. The ends Q and R of two thin wires, PQ and
RS, are soldered (joined) together. Initially
each of the wires has a length of 1 m at 10°C.
Now the end P is maintained at 10°C, while
the end S is heated and maintained at 400 °C.
The system is thermally insulated from its
surroundings. If the thermal conductivity of
wire PQ is twice that of the wire RS and the
coefficient of linear thermal expansion of PQ
is 1.2 x 1075K~1, the change in length of the
wire PQ is

(a) 0.78mm (b) 0.90 mm
(c) 1.56 mm (d) 2.34 mm
Solution:

At steady state, heat flow rate is same from P to
QandfromQtoS.

T
l\l/l 2K Q K
10°C [ T [ | 400°C
—x .5 R hT) S
X
KA(400 —T) 2KA(T — 10)
= = T = 140°C
? '
The temperature gradient
dT 140-10
—=— ~dt=130dx
dx 1

Therefore, change temperature at a cross-
section M distant ‘x’ from P is

AT = 130x

Extension in a small elemental length ‘dx’ is

dl = dxa AT = dx a (130x)
1

fdl = 1300(fxdx

0
1
~Al=130x%x1.2%x1075 x 5= 78 x 1075

23. Two rectangular blocks, having identical
dimensions, can be arranged either in
configuration-I or in configuration-11 as
shown in the figure. One of the blocks has
thermal conductivity k and the other 2k. The
temperature difference between the ends
along the x-axis is the same in both the
configurations. It takes 9 s to transport a
certain amount of heat from the hot end to
the cold end in the configuration-1. The time
to transport the same amount of heat in the
configuration-11 is
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Configuration-I Configuration-II
2k
k 2k k
(a) 2.0s (b) 4.5s
(c) 3.0s (d) 6.0s

(@ Equivalent  thermal  resistance in
configuration-I
L L 2 L
KA 2KA  3KA
Equivalent thermal resistance in configuration-1I

1 1 1 KA 2KA l R
—=—4+—=—+— or,Rp =—=—"
Rp Ry Ry l l 3KA 4.5
i.e., Thermal resistance in configuration-Il, R, is
45 times less than thermal resistance in

configuration-I R

RS=R1+R2=

ts 9

E = ES = 2s

24. Two conducing cylinders of equal length but
different radii are connected in series
between two heat baths kept at temperatures
T, = 300K and T, = 100K, as shown in the
figure. The radius of the bigger cylinder is
twice that of the smaller one and the thermal
conductivities of the materials of the smaller
and the larger cylinders are K; and K,
respectively. If the temperature at the
junction of the two cylinders in the steady
state is 200 K, then K, /K, =

245t =ty >ty =

Insulating material

T, K, K, T,

A

i

(4.00)
Rate of the heat flow will be same,

Rate of the heat flow 22 = ,
dt thermal resistance

1

7 (T, —Ty)

Where R = =
KA

300 — 200 200 — 100
R, R
L L, K A, m(2r)?
KA Ka, KA w2 ot
[~ Ly =L, =1L]

temp. difference

OI‘R1 = RZ

Beginner Heat Transfer - Radiation

1. For a perfectly black body, its absorptive
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power is

@1 (b) 0.5

(©0 (d) Infinity
Solution:

The answer is A.

The perfectly black body neither reflects nor
transmit, (i.e, r=0,t=0) any part of the
incident radiative energy but absorb whole of it
or we can say its absorptive power is 1.

2. There is a rough black spot on a polished
metallic plate. It is heated upto 1400 K
approximately and then at once taken in a
dark room. Which of the following statements
is true?

(a) In comparison with the plate, the spot will
shine more

(b) In comparison with the plate, the spot will
appear more black

(c) The spot and the plate will be equally
bright

(d) The plate and the black spot can not be
seen in the dark room

Solution:

(a)

3. 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

Solution:

(@)

4. Relation between emissivity e and absorptive

power a is (for black body)

(@e=a (b) e= 1

a

(c) e = a? (d)a=¢?
Solution:

The answer is A.
For a black body , emissivity = absorptive power.
Hence, e = a.

5. Which of the following statements is wrong
(a) Rough surfaces are better radiators than
smooth surface
(b) Highly polished mirror like surfaces are
very good radiators

Thermal Prop. of Matter

(c) Black surfaces are better absorbers than
white ones

(d) Black surfaces are better radiators than
white

Solution:

The answer isB .
Depending on the nature of surfaces the incident
radiation falling on the body are either absorbed
or reflected. The substances which absorbs more
energy that they reflect are known as good
absorbers.
Rough surfaces are good absorbers as they
absorb more incident radiations while highly
mirror polished surfaces reflects more incident
radiations, thus they are bad absorbers.
Also, every hot body emits heat radiations from
its surface. The radiations depend on nature of
the surface, its size and surroundings of the body.
The body which emits such radiations is known
as Radiator.
A good absorber is a good radiator and a bad
absorber is a bad radiator. e.g a black body is one
which absorbs all the radiation incident on it and
after absorbing the incident radiations.
Black surfaces appear in black colour,
independent of the colour of incident radiations.
Thus, they are better absorbers and radiators than
white surfaces.
Therefore, highly polished mirror like surfaces
are bad radiators.
6. A hot body will radiate heat most rapidly if its
surface is
(a) White & polished (b) White & rough
(c) Black & polished(d) Black & rough
Solution:
The correct answer is D.
Radiation heat transfer increases with increase in
surface area and emissivity. Black bodies have
highest emissivity (equal to 1) and rough surfaces
have higher surface area than polished surfaces.
So, black and rough surfaces emit radiations more
rapidly.
7. Which of the following law states that “good
absorbers of heat are good emitters”
(a) Stefan’s law (b) Kirchoff’s law
(c) Planck’s law (d) Wein’s law
Solution:
The correct answer is B.
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Kirchhoff’s law states that, the ratio of emissive
power to the absorptive power corresponding to a
particular wavelength and at a given temperature

is constant for all bodies:
e

A = constant = E;
ax
Where E, = emissive power of a perfect black
body corresponding to same wavelength and
temperature, it is clear from above relation that if
a, ( absorptive power ) is larger for a body, e;
(emissive power ) will also be large to keep the
ratio constant i.e good absorbers are good
emitters.

8. The amount of radiation emitted by a
perfectly black body is proportional to
(a) Temperature on ideal gas scale
(b) Fourth root of temperature on ideal gas
scale
(c) Fourth power of temperature on ideal gas
scale
(d) Source of temperature on ideal gas scale

Solution:

The correct answer is C.

Stefan-Boltzmann law states that total power
radiated by a perfectly black body is

P = AoT*

So, the radiation emitted by a perfectly black body
is proportional to fourth power of temperature on
ideal gas scale.

9. A metal ball of surface area 200 cm? and
temperature 527°C is surrounded by a vessel
at 27°C . If the emissivity of the metal is 0.4,
then the rate of loss of heat from the ball is (6
=5.67 x 108 J/m? —s — k%)

(a) 108 joules approx.
(b) 168 joules approx.
(c) 182 joules approx.
(d) 192 joules approx.
Solution:
The correct answer is C.
From Stefan’s law we know that, rate of loss of
heat is given as,
g =cA(T,* - T,*) x e

So,

T; = 273 + 527K = 800K

T, = 273 + 27K = 300K

And

A =200 x 10~*m?

10

So,
%: 5.67 x 1078 x 2 x 1072[(800%) — (300%)]

%X (0.4)
= (182.12) Joule
. The rate of radiation of a black body at 0°C
is EJ/sec. The rate of radiation of this black
body at 273°C will be
(a) 16E (b) 8E
(c) 4E (d)E

11.

The correct answer is A.
EaT*

Given:

T, = 0°C = 273K
Given:

T, = 273°C = 546K

E, T* 273\* 1
BT, (5¢) =16
= E, = 16E;

= E, = 16E

A black body at a temperature of 227°C

radiates heat energy at the rate of 5 cal/cm?-
sec. At a temperature of 727°C, the rate of
heat radiated per unit area in cal/cm?2-sec will
be

(a) 80 (b) 160
(c) 250 (d) 500

12.

The correct answer is A.
Heat energy per unit time R; = cAeT;
Thus

Heat energy per unit time R, = cAeTy

R, (T\*
=%~ ()
Initial temperature of the body
T, = 227°C = (227 + 273)K = 500K
Final temperature of the body
T, = 727°C = (727 + 273)K = 1000K
R, _ (1000\*

(50

5
R,

5
cal
R, =80 —z75eC

16

Energy is being emitted from the surface of a
black body at 127°C temperature at the rate
of 1.0 x 10°® J/sec m?. Temperature of the
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black body at which the rate of energy
emission is 16.0 x 10° J/sec—-m? will be

(a) 254°C (b) 508°C
(c) 527°C (d) 727°C
Solution:
The correct answer is C.
Here,
T, = 127°C = 400K
E, =16 x 106 s,lﬁ
E; =1x10° L
sm?
Using the relation
E, (Tn\*
7= (1)
T E;
T_j — (E_i)m
1
Ty_ . 6\ %
() =2
T, =2 X Ty =2%400 =800K
T, = 527°C

13. If temperature of a black body increases
from 7°C to 287°C , then the rate of energy
radiation increases by

@%@Q (b) 16
© 4 (d)2
Solution:

The correct answer is B.

For black body radiation

Ea T*

E is energy radiated per unit time per unitarea, T
is temperature of the body

Ey _ <Q>4 LB _ (273 + 287)4

E, \Ty E, \ 273+7
(560)4 16 - 16E
= |— = — =
280 1 2 1

14. The temperatures of two bodies A and B are
727°C and 127°C . The ratio of rate of
emission of radiations will be
(a) 727/127 (b) 625/16
(c) 1000/400 (d) 100/16

Solution:

The correct answer is B.

Rateofe'nergy%=P=A€0T4=>EocT4

E, <T2)4 _ <727 + 273)4 _ (1000)*

E, \Ty 127 +273/  (400)*
_10* 625
4% 16

15. A black body at a high temperature T K
radiates energy at the rate of E W/m2. When
the temperature falls to T/2 K, the radiated
energy in W/m? will be

(a) E/4 (b) E/2

(c) 2E (d) E/16
Solution:

(d)

16. A spherical body with radius 12 cm radiates
500 W power at 500 K. If the radius were
halved and the temperature doubled, what
would be the power radiated?

(a) 450 (b) 900

(c) 1800 (d) 2000
Solution:

(d)

u=cAT*

u=o(4zr®)T* (i)

u':a[4ﬂ(%ﬂ(ﬂ)“

24
= (7(47zr2)T4 x?
=ux22=500x4
= 2000
17. The rate of radiation of a black body at 0°C

is E joule per sec. Then the rate of radiation
of this black body at 273°C will be —

(a) 2E (b) 4E

(c) 8E (d) 16E
Solution:

(d)

18. 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 —

(a) 4 (b) 16

(€) 32 (d) 64
Solution:

(d)

19. Half part of ice block is covered with black
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cloth and rest half is covered with white cloth
and then it is kept in sunlight. After some
time clothes are removed to see the melted
ice. Which of the following statements is
correct —

(a) Ice covered with white cloth will melt
more

(b) Ice covered with black cloth will melt
more

(c) Equal ice will melt under both clothes
(d) It will depend on the temperature of
surroundings of ice

(b)

20. Two thermometers A and B are exposed in
sunlight. The valve of A is painted black, but
that of B is not painted. The correct
statement regarding this case is —

(a) Temperature of A will rise faster than B

but the final temperature will be the same in

both

(b) Both A and B show equal rise in

beginning

(c) Temperature of A will remain more than

B

(d) Temperature of B will rise faster.
Solution:

(@)

21. A metal ball of surface area 200 cm? and
temperature 527°C is surrounded by a vessel
at 27°C. If the emissivity of the metal is 0.4,
then the rate of loss of heat from the ball is (¢
=5.67 x 108 J/m?-s-K?*
(a) 108 joule approx
approx
(c) 182 joule approx
approx

Solution:

(©

(b) 168 joule

(d) 192 joule

T=800K

f/- T,=300K

Une = e0A(T*-T,")
=0.4x567x108(2%x102m?
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[84— 3% x 108
=5.67 x 0.8 x 1072 [4096 — 81]
=5.67 x 0.8 x 4015 x 102

22. The area of a hole of heat furnace is 10 m?,
It radiates 1.58 x 10° calories of heat per
hour. If the emissivity of the furnace is 0.80,
then its temperature is

(a) 1500 K (b) 2000 K
() 2500 K (d) 3000 K
Solution:

The correct answer is C.

According to Stefan’s law E = o € AT*
1.58x105x4.2
E -
60X60
=56x10"8x10"*x 0.8 x T*
T = 2500 K
23. Two spheres P and Q of same colour having
radii 8 cm and 2 cm are maintained at
temperatures 127°C and 527°C respectively.
The ratio of energy radiated by P and Q is

(a) 0.054 (b) 0.0034
©1 (d)2

The correct answer is C.

Total energy radiated from abody Q = A
€ oT*t

Q x AT* « r2T*  (« A=4nr?)

Qr  (ro\°(Tp\" /8\% (273 + 127)*
"0 <E> <E> - (E) {273 n 527}
=1
24. The energy emitted per second by a black
body at 27°C is 10J. If the temperature of the

black body is increased to 327°C , the energy
emitted per second will be

(a) 20J (b) 40 J
(c) 80 J (d) 160 J
Solution:

The correct answer is D.

Energy emitted =E = o € T*
T =27°C =27+ 273

T =300K

E=10]

10 = 6E(300)*

_ 10

~ (300)4

T = 327°C =327 + 273 = 600K

oFE

E = 0E(600)* = (322)4 (600)*
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E=10x2*
E=160]

25. A spherical black body with a radius of 12
cm radiates 450 W power at 500 K . If the
radius were halved and the temperature
doubled, the power radiated in watt would be

(a) 225 (b) 450
(c) 900 (d) 1800
Solution:

The correct answer is D.
We know that radiation from the body is given
as E =€ gAT*
E, n?xT,* 0.12%2x500*
E, r,2xT,* 0.06%x 1000*
_ 450 x 0.06% x 1000*

k2 = 0122 x 500°

26. If the temperature of the sun (black body) is
doubled, the rate of energy received on earth
will be increased by a factor of

= 1800 watt

(@2 (b) 4
(c)8 (d) 16
Solution:

The correct answer is D.

For hot objects, the power radiated per unit area =

P
- =eoT*
A

This is called Stefan-Boltzmann Law, Hence
PxT*

This means that the rate of energy received on
Earth becomes 2* = 16 times
When the temperature of Sun gets doubled.

27. The radiation emitted by a star A is 10,000
times that of the sun. If the surface
temperatures of the sun and the star A are

6000 K and 2000 K respectively, the ratio of
the radii of the star A and the sun is

() 300:1 (b) 600 : 1
(c)900:1 (d)1200:1
Solution:

The correct answer is C.
We know that E = 0€AT* and it is given that
Estar = 10000 X Eg,p,
Tstar = 2000K, 15, =1y
Tsun = 6000K, 75y, = 1>
Estar r?x Ty
Esun - 2% X T24
10000 X Egy, 732 X (2000)*
Eopn 152 X (6000)%
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"
= —==900
Lg)

So, ratio will be, 900: 1

28. Star A has radius r surface temperature T
while star B has radius 4r and surface
temperature T/2. The ratio of the power of
two starts, Pa: Ps is

(@16:1 (b)1:16
(1:1 (d)1:4

The correct answer is C.
Power P o« AT* « r2T*

4 2 Z
P2 T'2 2 T2 4‘T 2
- (<) - (3 -
P; 1 Ty T T
29. If the temperature of the sun were to be
increased from T to 2T and its radius from R
to 2R, then the ratio of the radiant energy

received on the earth to what it was
previously will be

(@) 4 (b) 16
(c) 32 (d) 64
Solution:

The correct answer is D.
Rate « AT* = R?*T* = 64 Times
30. At 127°C radiates energy is 2.7 x 102 J/s. At

what temperature radiated energy is 4.32 x
10° J/s

(a) 400 K (b) 4000 K
(c) 80000 K (d) 40000 K
Solution:
The correct answer is C.
Temperature T, =127°C = 127 + 273 =
400K
Energy radiated from a body
Q = AecT*t
Q> (T2)4
=>—=|=
Ql Tl
1 1
T (QZ)Z (432 x10°%\*
T, \Q;/ \2.7x1073
1
T, (16x27 S\ ,
400_< =7 x 10 ) =2x10

T, = 200 x 400 = 80000K
31. If the sun’s surface radiates heat at 6.3 x 107

Wm-~2. Calculate the temperature of the sun
assuming it to be a black body

(6 =5.7 x 10 Wm2 K
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(@) 5.8 x 10° K
(c)3.5x 108K

Solution:
The correct answer is A.
From Stefan’s law E = oT*

E 63x107

T* = — Tt 10F " 1.105 x 10%°
T =0.58 x 10* = 5.8 x 103K

32. Two spheres of same radius R have their
densities in the ratio 8: 1 and the ratio of
their specific heats are 1:4. If by radiation
their rates of fall of temperature are same,
then find the ratio of their rates of losing
heat.

Solution:

(@), = (),

(@), =m(),

(b) 8.5 x 10° K
(d) 5.3 x 108 K

Given,
(dT) B <dT)
dt/,  \dt/,
dQ
(E)l_mlsl_ﬁ si_dh s

' (d_Q) T mus; my sy dy sy
),
8 1 2

1 4 1
33. The operating temperature of a tungsten
filament in an incandescent lamp is 2000 K
and its emissivity is 0.30. Find the surface
area of the filament of a 25 watt lamp.
Stefan constant = 5.67 x 107 in Sl units.
Solution:

Rate of emission of energy is equal to the power

of the lamp
=> W = AceT*
Where e — emissivity
w
" eoT?

25
A= 03 %5.67 x10-° x (2000)°
~A=0.918 X 10~*m?
A =9.185 x 107°m?
34. A thin brass rectangular sheet of sides 15.0

cm and 12.0 cm is heated in a furnace to
600°C and taken out. How much electric

power is needed to maintain the sheet at this

temperature, given that its emissivity is
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0.250? Neglect heat loss due to convection.
(Stefan — Boltzmann constant = 5.67 x 1078
Wm=2 K#)

35.

Area of both sides of the plate
A =2 % (15.0) x (12.0) x 10~*m?

=3.60 x 1072m?
The energy radiated by the plate
= edAT* = 0.250 X 5.67 X 1078 x 3.60

X 1072 x (600 + 273)*
=5.10 x 1071% x 873* = 296.4W
Two identical object A and B are at
temperature Ta and Tg respectively. Both
objects are placed in a room with perfectly
absorbing walls maintained at a temperature
T (Ta>T >Ts). The objects A and B attains
the temperature T eventually. Select the
correct statements from the following
(a) A only emits radiation, while B only
absorbs it until both attain the same
temperature
(b) a loses more heat by radiation that it
absorbs, while B absorbs more radiation that
it emits, until they attain the temperature T.
(c) both A and B only absorb radiation, but
do not emit it, until they attain the
temperature T.
(d) each object continuous to emit and
absorb radiation even after attaining the
temperature T.

Solution:

The correct options are B and D.

1. Since the temperature of A is higher than the
temperature of the surrounding hence A radiates
heat much larger than it absorbs heat. Since the
temperature of B is lower than the temperature
of the surrounding hence B absorbs heat much
larger than it radiates. This process goes on until
both A and B reach the temperature T.

2.Even after reaching thermal equilibrium, both
bodies keep radiating and absorbing.

36. A solid sphere and a hollow sphere of the

same material and of equal radii are heated
to the same temperature.

(a) both will emit equal amount of radiation
per unit time in the beginning.

(b) Both will absorb equal amount of
radiation from the surrounding in the
beginning
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(c) the initial rate of cooling (dT/dt) will be
the same for the two sphere.
(d) the two sphere will have equal
temperatures at any instant.

Solution:
Correct options are A and B.
According to many radiation law like Stefan
Boltzmann we know that radiation emission and
absorption are a purely surface phenomenon.
Since the two bodies are of same material, same
radii, and same temperature they will at that
instant radiate and absorb at the same rates.
But however since the hollow sphere has lesser
mass, the rate at which it’s temperature will rise
will be different from that of the solid sphere.
Hence their rates of cooling would be varied
and they would have different temperature at
different times.

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

from B. The ratio ;—A of their wavelengths 44
B

and Ag at which the peaks occur in their
respective radiation curves is

Solution:
(2) From (i) Stefan- Boltzmann law, P =
gAT* and (ii) Wein's displacement law =
Am X T = constant
Py A Td  Ayg A%
Py ApTi Ap A

A (A Pali [RE_ Py

APl VP N [R_éxE]

400 x 400 %
T
L
Ap
38. A spherical black body with a radius of 12
cm radiates 450 watt power at 500 K. If the
radius were halved and the temperature
doubled, the power radiated in watt would be

(a) 225 (b) 450

(c) 1000 (d) 1800
Solution:

(d) Radiated power of a black body,

P =GAT*

where, A = surface area of the body
T = temperature of the body
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and o = Stefan's constant
When radius of the sphere is halved, new area,

. Power radiated,
P= ag (T)*=16/4 (6 AT*)
= 4P =4 x 450 = 1800 watts

Expert Heat Transfer - Radiation

1. A thin square steel plate with each side equal
to 10 cm is heated by a blacksmith. The rate of
radiated energy by the heated plate is 1134 W.
The temperature of the hot steel plate is
(Stefan's constant ¢ = 5.67 x 1078 watt m=2 K™
, emissivity of the plate = 1)

(a) 1000 K (b) 1189 K
(c) 2000 K (d) 2378 K
Solution:

The answer is B.

The rate of radiated energy% =P=A€oT*

= 1134 = 5.67 x 1078 x (0.1)?T* = 1189K

2. There are two parallel black sheets of infinite
dimensions at temperature T K and 2T K. The
temperature of 3" identical sheet place mid-
way and parallel to the sheets at equilibrium

1/4
will be[g} T. Value of n, is

Solution:

thl :thz
oA(X*-T*)=oA((2r) -x')

2x* =9(16+1)T*

x* =£T4
2

x=‘{/E.T
2

3. Two metallic sphere A and B are made of
same material and have got identical surface
finish. The mass of sphere A is four times that
of B. Both the spheres are heated to the same
temperature and placed in a room having
lower temperature but thermally insulated
from each other.

(a) The ratio of heat loss of A to that of B is
24/3_
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(b) The ratio of heat loss of A to that of B is
22/3.

(c) The ratio of the initial rate of cooling of A
to that of B is 222,

(d) The ratio of the initial rate of cooling of A
to that of B is 2%,

Solution:

Correct options are A and C.

Heat loss, as per Stephan Boltzmann law is given
by the relation:

q' = edAT*
q' = ecT*(4mr?)
Also
4 m
§nr3 =
1
r = kms3
Hence
2
q1'_%:(m_§)3 _ 4§ _ 2%
qQz’ 1 2
q Aq'
= = =— where A is some constant.
mc m
Hence,
1
B () o
R, my

. Two identical beakers 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~
1 K-t while liquid in B has density of 10 kg m-
3 and specific heat of 4000 J kg K1, Which of
the following best describes their temperature
versus time graph schematically? (assume the
emissivity of both the beakers to be the same)

T A T( Aand B
PSS

© @
Solution:

(b) Rate of Heat loss = mS (Z—IJ =ecAT*

dT eox AxT* ar 1
i o —
dt  pxVol.xS dt  pS
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[_dt)A_&XS_B_ 10° 4000
(_dT) pn Sy 8x10* 2000
B

&)%)

So, A cools down at faster rate.

. The energy spectrum of a black body exhibits

a maximum around a wavelength Ao. The
temperature of the black body is how changed
such that the energy is maximum around a

wavelength 3%0 . The power radiated by the

black body will now increase by a

factor of
(a) 256/81 (b) 64/27
(c) 16/9 (d) 4/3

The answer is A.

From Wien’s displacement law :
AT =b

Stefan’s law E = ¢T*

b
, E; 0T24 Tz4 Z M *
ratio = — = === :<_)
T, b
A

El B O'T14 AZ
4
[\ <4)4 256
34/  \3/ 81
4

. Two identical objects A and B are at

temperatures T and Tg respectively. Both
objects are placed in a room with perfectly
absorbing walls maintained at temperatures T
(TA>T>Tsg). The objects A and B attain
temperature T eventually which one of the
following is correct statement

(a) ‘A’ only emits radiations while B only
absorbs them until both attain temperature
(b) A loses more radiations than it absorbs
while B absorbs more radiations that it emits
until temperature T is attained

(c) Both A and B only absorb radiations until
they attain temperature T

(d) Both A and B only emit radiations until
they attain temperature T

Solution:

The correct answer is B.

Explore more at www.physicsfactor.com
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1. Since the temperature of A is higher than the
temperature of the surrounding hence A radiates
heat much larger than it absorbs heat. Since the
temperature of B is lower than the temperature of
the surrounding hence B absorbs heat much
larger than it radiates. This process goes on until
both A and B reach the temperature T.
2. Even after reaching thermal equilibrium, both
bodies keep radiating and absorbing.

7. When the body has the same temperature as
that of surroundings
(a) It does not radiate heat
(b) It radiates the same quantity of heat as it
absorbs
(c) It radiates less quantity of heat as it
receives from surroundings
(d) It radiates more quantity of heat as it
receives heat from surroundings

Solution:
The correct answer is B.
Since the bodies has the same temperature as that
of surrounding, it is in thermal equilibrium with
the
surroundings.
So, there is no net exchange of heat,
So, amount of heat radiated = amount of heat
received from the surroundings.

Pro Heat Transfer - Radiation

1. The rectangular surface of area 8 cm x 4cm of
a black body at a temperature of 127°C emits
energy at the rate of E per second. If the
length and breadth of the surface are each
reduced to half of the initial value and the
temperature is raised to 327°C , the rate of
emission of energy will become

3 81
(@) éE (b) EE
9 81
(©) EE (d) aE

Solution:
The answer is D.
E < AT*
Let,
E = kAT*
E = k(8 x 4)(400)2 = 8192 x 108

8 4
E =k (E X E) (600)* = 10368 x 108

Explore more at www.ph

E; 10368 81

E 8192 64

Hence,E; = Sg
64

2. A solid copper sphere (density p and specific
heat C) of radius r at an initial temperature
200 K is suspended inside a chamber whose
walls are at almost 0 K. What is the required
for temperature of the sphere to drop to 100
K?

7rpC 7rpC
( )72><1060 ( )72><1050

7rpC 7rpC
( )72x104a ( )72><107a

The correct answer is A.
In this question, we will equate the heat loss from

the sphere to heat loss due to radiation.

dT
mC — = gAT*
dt

4 dT
<§ nr3) (p)C 5 = o (4mr?)T*
rpC 200 dT f dt

100

o (-3
90 x 106 8

7rpC
- 72 x 1050
3. A space object has the space of a sphere of
radius R. Heat sources ensure that the heat
evolution at a constant rate is distributed
uniformly over its volume. The amount of heat
liberated by a thermodynamic temperature.
In what proportion would the temperature of
the object change if its radius is decreased to
half?

(@) 2.19 (b) 5.19
(c)1.19 (d) 4.19
Solution:

The correct answer is C.

The total amount of heat g liberated by the space
object per unit time is proportional to its volume:
q = aR3, where a is a coefficient. Since the
amount of heat given away per unit surface the
area is proportional to T4, and in equilibrium, the
entire amount of the liberated heat s dissipated
into space, we can write ¢ = BR2T* ( the area of
the surface is proportional to R?, and g is a
coefficient). Equating these two expressions for
g, we obtain




Adaptive Problems Book in Physics (Vol. 13) Thermal Prop. of Matter

4 _ a
T 5 R
Consequently, the fourth power of the
temperature of the object is proportional to its
radius, and hence in radius by half leads to a
decrease in temperature only by a factor of

(2)i = 1.19.

4. Two bodies A and B have thermal emissivities
of 0.01 and 0.81 respectively. The outer
surface areas of the two bodies are same. The
two bodies emit total radiant power at the
same rate. The wavelength Ag corresponding
to maximum spectral radiancy in the
radiation from B is shifted from the
wavelength corresponding to maximum
spectral radiancy in the radiation from A by
1.00 pm. If the temperature of A is 5802 K,
calculate (a) the temperature of B and (b)
wavelength Ag.

(a) 2000K, 1.6 p m (b) 3000K, 1.8 pm

() 1934K,1.5pm (d) 4000K,1.9 pm
Solution:

The correct answer is C.

Power radiated and surface area is same for both

A and B,

Therefore,

e,0THA = egoTZA

1 1
Ty (eB)Z _ (0.81)1 _ 3
"y \e,/  \0.01)

_Ta 5802 _ o
P73 7 2 7
T = 1934K

According to Wien’s displacement law,
AT = constant
AgTg =Db

2.89x 1073

AB = W’Vl.Sﬂm

NOTE A,,T = b = when’s constant value of this
constant for perfectly black body is 2.89 x
10~3m. K. For other bodies of this constant will
have some different value.

5. Two bodies A and B have thermal emissivity
of .01 and .81 respectively. The outer surface
areas of the two bodies are same. The two
bodies emit total radiant power at the same
rate. The wavelength of B corresponding to
maximum spectral radiation is shifted from
the wavelength corresponding to maximum

Explore more at www.ph

spectral radiation from A by 10 m. The
temperature of A is 5802K. Find temperature
of B and wavelength corresponding to
maximum spectral radiation.

Solution:

Power radiated: P = eAcT*
P eaT} 001T}

Py epT: 081TE

Given,
PA = PB
T\*
—) =81=3*%
(7)
Ta_g
Tg
Given,T, = 5802K
T T, 5802K
= = —_—= —_—
B3 3

Ty
Am)aTa = )T = (Apa + 1) ?

(Gw)a+ D) _
(Am)A
1 J—
(Am)A Bl
= (Am)B = (Am)A +1= 1-5,Um

2

. One end of a rod of length 20 cm is inserted in

a furnace at 800 K. the sides of the rod are
covered with an insulating material and the
other end emits radiation like a blackbody.
The temperature of this end is 750 K in the
steady state. The temperature of the
surrounding air is 300 K. Assuming radiation
to be the only important mode of energy
transfer between the surrounding and the
open end of the rod, find the thermal
conductivity of the rod. Stefan constant

0 =6.0x10"°W/m? - K*

Solution:

300 K

8O0 K 750 K

—ee 7} CIMN —p

w
g=6x10"8— —K*
m

L=20cm = 0.2m
K =?
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KA(6,— 6
=—(1d 2)=A0(T14—T24)
T, —T
:K:S( 1 2)
01— 0,
_ 6x107 x (750* —300%) x 2 x 107!

50

= K =73.993 = 74

7. A solid receives heat by radiation over its
surface at the rate of 4 KW. The heat
convection rate from the surface of solid to the
surrounding is 5.2 kW, and heat is generated
at a rate of 1.7 kKW over the volume of the
solid. The rate of change of the average
temperature of the solid is 0.5°Cs™. Find the
heat capacity of the solid.

Solution:
HRadiation + HGenerated - HConvection
= Hgetained
4+1.7—-52=0.5kW =0.5x103W
= Hgetained
H .
Heat Capacity C = Re;—aTmEd

Substituting AT = 0.5 as given
_ 05x10% 1000/
05 <

8. A copper sphere is suspended in an evacuated
chamber maintained at 300 K. The sphere is
maintained at a constant temperature of 500
K by heating it electrically. A total of 210 W of
electric power is needed to do it. When the
surface of the copper sphere is completely
blackened, 700 W is needed to maintain the
same temperature of the sphere. Calculate the
emissivity of copper.

Solution:

Q = ecA(T,* — T,%)
For any body, 210 = eAd[(500)* — (300)*]
For black body, 700 = 1 x Ao [(500)* —
(300)%]
DividingZ> =< = e = 0.3

700 1

9. Three bodies A, B and C have equal surface
area and thermal emissivity’s in the ratio ea:

€l ec = 1:%:% . All the three bodies are

radiating at same rate. Their wavelengths
corresponding to maximum intensity are Aa,
)s and Ac respectively and their temperatures

Thermal Prop. of Matter

are Ta, Tsg and Tc on kelvin scale, then select
the incorrect statement.

()
(b) A =75
(€) e T q/ecT. =¢€5T,

(d) \ eA/lATA 'eBﬂ’BTB = ecﬂcTc

Solution:
Correct option is D.
For same power of radiation
Py =Py =P > eAJTA4 = eBaTB4 = eCUTC4

1
AATA =ABTB =AcTc(eA3 eg: ec = 1: =

2
) 1
3)
= JTyTe =Tgor \Je Ty /eaTy
= egTy & \[A4dc = Ap
10. A black coloured solid sphere of radius R and

mass M is inside a cavity with vacuum inside.
The walls of the cavity are maintained at
temperature TO. The initial temperature of
the sphere is 3TO. If the specific heat of the
material of the sphere varies as a T3 per unit
mass with the temperature T of the sphere,
where a is a constant, then the time taken for
the sphere to cool down to temperature 2TO0
will be (6 is Stefan Boltzmann constant)

Ma 3 M a 16
@) 47zR20'|n(§j ®) Rt (3}

M o 3
© 167R’c ( j(d) 167 R2 n(ZJ

Solution:
(c) In the given problem, fall in temperature of
sphere,
dT = (3T0 — 2To) = To
Temperature of surrounding, Tsur = To
Initial temperature of sphere, Tinitia = 3To
Specific heat of the material of the sphere varies
as,
¢ = oT® per unit mass (o = a constant)

Applying formula,
dT _ G_A(th T4 )

surr

dt  Mcd

T, c4nR’? 4 4
0= T N(3T) (T,

dt Ma(3TO)3J[( 2 (°)]

Explore more at www.ph
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11.

_ Ma277}d
c4rR? x 80T,

Solving we get,
Time taken for the sphere to cool down
temperature 2Ty,

Ma (16)
t=—2|n —_—
167R°o 3

Parallel rays of light of intensity I

912 Wm~2 are incident on a spherical black
body kept in surroundings of temperature
300 K. Take Stefan-Boltzmann constant o =
5.7 x 10~ 8Wm~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) 660 K
(c) 990 K (d) 1550K
Solution:

(a) Let T be the final steady state temperature of
the black body.

In steady state.

Energy lost = Energy gained

o(T* —Ty) x 4mR? = I(mR?)

~ 5.7 x 1078[T* — (300)*] x 4 = 912
~T=330K

12. A metal is heated in a furnace where a sensor

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

Solution:

(9) According to stefan’s law,P < T*or P =
PyT*

~log, P =log, Py +1og, T*  -log, Pﬂ =
0
4log,T
At T = 487°C = 760K, log, Pi = 4log,760 =
0

1...30)
AtT = 2767°C = 3040K,

Thermal Prop. of Matter

logep£ = 4log,3040 = 4log, (760 X 4)
0

= 4[log,760 + log,2?] = 4log,760 + 8 =
1+8=9

13. A human body has a surface area of

approximately 1 m2 The normal body
temperature is 10 K above the surrounding
room temperature TO. Take the room
temperature to be To =300 K. For T, = 300
K, the value of 6Ty = 460Wm~2 (where o is
the Stefan-Boltzmann constant). Which of
the following options is/are correct?

(a)The amount of energy radiated by the
body in 1 second is close to 60 joules.

(b)If the surrounding temperature reduces
by a small amount ATy «< T, then to
maintain the same body temperature the
same (living) human being needs to radiate
AW = 46T3AT,, more energy per unit time
(c)Reducing the exposed surface area of the
body (e.g. by curling up) allows humans to
maintain the same body temperature while
reducing the energy lost by radiation

(d)If the body temperature rises significantly
then the peak in the spectrum of
electromagnetic radiation emitted by the
body would shift to longer wavelengths

Solution:

(c) Energy radiated by the body = gA(T* — Tyt
[For a black body e = 1]
= oA[(Ty — 10)* — Tt
4 [40
= O'ATO [?0] Xt
—460><1xﬁx1— 61.33]
p Energy radiated

time
= gAT* — o AT

dp 3
N |d_T0| — GA(4TY)

~ |dp| = o(4T§)dT,

- |AP| = 40AT$

Here as human body is not a black body. So,
option (a) and (b) are incorrect.

Energy radiated o< A where A is the surface area
of the body. Hence option (c) is correct.

Beginner

Newton’s Law of Cooling

1. Newton's law of cooling is a special case of

Explore more at www.ph
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(a) Stefan’s law (b) Kirchhoff's law

(c) Wien's law (d) Planck's law
Solution:

The answer is A.

Newton’s law of cooling is just a simplified

version of Stefan’s Boltzmann’s law. We apply

binomial

approximation assuming that the temperature

difference between the object and the

surroundings is small enough so that we can

apply binomial approximation.

2. A body cools in 10 min from 60°C to 40°C.
What will be its temperature after next 10
min. Ts = 10°C.

Solution:

The answer is 28°C.
According to Newton’s law of cooling,

6, — 0, 6, +0,
(=) =[P -l
t t

For the given condition,
60 —40 [60 + 40
10 % 2

- 10] @)

Let 6 be the temperature after next 10 minutes.

Then,
40 -6 40+ 6
10 =a[ —10] . (i)
Solving Eqgn. (i) and (ii), we get
0 = 28°C

3. A block of steal heated to 100°C is left in a

room to cool. Which of the curves shown in
fig., represents the correct behavior —

3

temperature

v

— tfime

(@ A (b) B

Thermal Prop. of Matter

(cC (d) None of these
Solution: (a)

a =—k(T-T,)

Tl (T-T,)W

[slopel] |

[slope| « (T — To)

4. Hot water cools from 60°C to 50°C in the first

10 minutes and to 42°C in the next 10 minutes.
The temperature of the surrounding is

(a)5°C (b) 10°C
(c) 15°C (d) 20°C
Solution:

The answer is B.

We know from Newton’s law of cooling that
T=Ts+ (T, —Tp)e ™

50 =Ty + (60 — Ty)e™*

50=y+60x —————-— )

where x = e 10k

and y = T¢(1 — e~10%)

Also,
42 =Ty + (50 — Ty )e 10k
42=y+50x ——————~— (i)
Solving (i) and (ii), we get
4
x = e~ 10k — :
And,
y=T(1—e %) =2
Tr = 10°C

. A body takes 4 minutes to cool from 100°C to

70°C . To cool from 70°C to 40°C it will take
(room temperature is 15°C)

(a) 7 minutes
(c) 5 minutes

(b) 6 minutes
(d) 4 minutes

The correct answer is B.

6,—06 6,—6
1t2 K(1 2_90>

100 - 70 100 + 70
s ( - 15) =60K =K

Oolr—k

70—40_1(70+40

g\l 2
= 6min

Again — 15) =5t

6. A cup of tea cools from 80°C to 60°C in one

Explore more at www.ph
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minute. The ambient temperature is 30°C . In
cooling from 60°C to 50°C it will take

(a) 30 seconds (b) 60 seconds
(c) 90 seconds (d) 48 seconds
Solution:
The correct answer is D.
At t; +ty
time _k( 2 _t2>
80—60_k<80+60 30)
60
1 k(40)
3=
_ 1
120
60—50_ 1 (60+50 0)
time 120\ 2

time = 48 secs

. If a metallic sphere gets cooled from 62°C to
50°C in 10 minutes and in the next 10 minutes
gets cooled to 42°C , then the temperature of
the surroundings is

(a) 30°C (b) 36°C
(c) 26°C (d) 20°C
Solution:
The correct answer is C.
26°C
0; — 0, 01 — 6,
t K( 2 90)
In the first 10 minute
62 —50 60 + 50
10 =K[ > —90]=>1.2
=K[56 — 6] ——— (D)
50 —42 50 + 42
10 =K[ > —90]:0.8
= K[46 — 0,] — — — —(ii)
From equation (i) and (ii)
1.2 (55—-46,) .
@=—(46_00):>90=26c

8. A body cools from 60°C to 50°C in 10 minutes.
If the room temperature is 25°C and assuming
Newton's law of cooling to hold good, the
temperature of the body at the end of the next
10 minutes will be

(a) 38.5°C (b) 40°C
(c) 42.85°C (d) 45°C
Solution:

The correct answer is C.
From Newton’s law of cooling

Thermal Prop. of Matter

0, — 0, 6, — 6, )
— ‘- K _
t ( 2 %

In the first 10 minutes, from the data given in the
guestion, we can say that
50 - 60 60 + 50

0 K [ 2 25]

1

=> K= % ————— (1)
Let 6 be the temperature at the end of next 10
minutes.

50—-46 50+ 6

- 25]

>0 K|

Using (1) in the above equation

500 _ 9 7 =300 = 6 ~ 42.9°C
10 60

9. In a room where the temperature is 30°C , a
body cools from 61°C to 59°C in 4 minutes.
The time (in min.) taken by the body to cool
from 51°C to 49°C will be

(@) 4 min (b) 6 min
(c) 5 min (d) 8 min
Solution:

The correct answer is B.

The equation given by Newton’s law of cooling:

aq AT -1y
dt ~ 0
ar

T-Tp

—bAdt integrating between appropriate limits.

1. /59-30 1. /49 -30
7in (61 - 30) =g (51 - 30)
Solving for t, we gett = 6 minutes.
10. A body cools from 60°C to 50°C in 10
minutes when kept in air at 30°C . In the
next 10 minutes its temperature will be

(a) Below 40°C (b) 40°C
(c) Above 40°C (d) Cannot be predicted
Solution:

The correct answer is C.
Here from newton’s law of cooling

dT Tr + T;
-1 on)

dt 2

T —T; Tr + T;
f—Li ftli

. =—K —T
At ( 2 5)

.K_l

YY)
60—T_1(60+T 30)
10 20\ 2

60+ T
:>120—2T=( > —30)
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T _ 120
5=
T = 48°C

11. A metallic sphere cools from 50°C to 40°C in

300 s. If atmospheric temperature around is
20°C, then the sphere's temperature after the
next 5 minutes will be close to :

(a) 31°C (b) 33°C

(c) 28°C (d) 35°C

Solution:

(b) From Newton’s Law of cooling,

LT _ [Tt
t 2 0

Here, T1 =50°C, T, =40°C
and To = 20°C, t = 600S =5 minutes
50—_40 _K 50 + 40 _90 s
5Min 2
(i)
Let T be the temperature of sphere after next 5
minutes. Then

40—_T=K(40+T—20) ... (i)
5 2

Dividing egn. (ii) by (i), we get
40-T 40+T-40 T
10 50+40-40 50

40-T=T/5,200=6T, T=33°C =T 200

33.3°C

12. A body takes 10 minutes to cool from 60°C to

50°C. The temperature of surroundings is
constant at 25°C.Then, the temperature of
the body after next 10 minutes will be
approximately

(a) 43°C (b) 47°C

(c) 41°C (d) 45°C

Solution:

(a) According to Newton’s law of cooling,

0-6,)_y[(6+0
t 2 0

(60—50)_ K(60+50 _25j—bi\/b2 —4ac

10 2 2a
.. )
and, (Mj - K£50+8 —25) ... (i)
10 2

Thermal Prop. of Matter

Dividing eq. (i) by (ii),
10 60

(50-6) 6
0 =42.85°C = 43°C

13. A liquid cools down from 70°C to 60°C in 5

minutes. The time taken to cool it from 60°C
to 50°C will be

(a) 5 minutes

(b) Lesser than 5 minutes

(c) Greater than 5 minutes

(d) Lesser or greater than 5 minutes
depending upon the density of the liquid

Solution:

The correct answer is C.

Greater than 5 minutes.

According to Newton’s law of cooling
Rate of cooling

x means temperature dif ference.
Initially, means temperature difference

70 + 60
= (—5——60) = (65-00)
Finally, means temperature difference
60 + 50
= (T = 00) = (55 - 05

In second case mean temperature difference
decreases,So rate of fall of temperature
decreases,,

So it takes more time to cool through t and it
will be Greater than 5 minutes

Expert Newton’s Law of Cooling

1. A pan filled with hot food cools from 50.1°C to

49.9°C in 5 sec. How long will it take to cool
from 40.1 ° to 39.9°C if room temperature is
30°C?

The mathematical interpretation of Newton’s law
of cooling states that
dT

Solving the differential equation, with basic
integration and applying the limits:

T;varying fromTiand T,

T ; varying from 0 to t. the time it takes to
change from T1to T2, To is the room temperature.
Now applying this here:

Explore more at www.ph
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11 (19.9)_1l (9.9)
5 '\201) 7 "\101

Solving thiswe gett = 10s

. Two metallic spheres S; and S; are made of
the same material and have got identical
surface finish. The mass of S; is thrice that of
S,. Both the spheres are heated to the same
high temperature and placed in the same
room having lower temperature, but are
thermally insulated from each other. The ratio
of initial rate of cooling of S; to that of S is

(@) 173 (b) 113
(c) V371 (d) (1/3)13
Solution:(d)

Cooling of S; to that of S is

dT —4ec(42R%)T}
a2l o

o) 2
dt 1_fom 3% 1

(de “R2 3m 3 gk
2

to 3m m
ﬂ7ZR13 ﬂ7ZR22
3 3

R _s3

RZ

. A mass of 50g of water in a closed vessel, with
surroundings at a constant temperature takes
2 minutes to cool from 30°C to 25°C. A mass
of 100g of another liquid in an analytic vessel
with identical surroundings takes the same
time to cool from 30° C to 25° C. The specific
heat of the liquid is : (The water equivalent of
the vessel is 30g.)
(a) 2.0 kcal/kg
(c) 3 kcal/kg

Solution:

(d) As the surrounding is identical, vessel is

identical time taken to cool both water and liquid

(from 30°C to 25°C) is same 2 minutes, therefore

(&)%)
dt Water_ dt liquid

(b) 7 kcal/kg
(d) 0.5 kcal/kg

Thermal Prop. of Matter

(m,C, +W)AT B (mC, +W)AT
t - t

(W = water equivalent of the vessel)

or, myCw = mCy

or,

m, Cy,

= Specific heat of liquid, C, =

_ 50x1

= 0.5 kcal/kg

. A cup of coffee cools from 90°C to 80°C in t

minutes, when the room temperature is 20°C.
The time taken by a similar cup of coffee to
cool from 80°C to 60°C at a room temperature
same at 20°C, is

13 13
a) —t b) =t
(@) 0 (b) c
10 5
c) —t d) —t
(c) 3 (d) 3
Solution:

(b) In first conditions;

Given, the initial temperature of the cup of
coffee, Ti = 90°C

The final temperature of the cup of coffee, Tt =
80°C

The time taken to drop the temperature 90°C to
80°Cis t.

The temperature of the surrounding, To = 20°C
Using the Newton's law of cooling,

T+T
Rate of cooling = T _k T
dt 2

Substituting the values in the above equation, we
get

90;80 _ K{QO;BO_ZO}

B _kes)= k==
t 13t
In second conditions;
The initial temperature of the cup of coffee, T," =
80°C
The final temperature of the cup of coffee, T, =
60°C.
Using the Newton's law of cooling,
T/+T, }

Rate of cooling = ar _ K| ——-T,
ol 2
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Substituting the values in the above equation, we
get
80-60 21{60+80 _20}

t, 13t 2

§=£[50]:t1 -5,
13t 5

. An object kept in a large room having air
temperature of 25°C takes 12 minutes to cool
from 80°C to 70°C. The time taken to cool for
the same object from 70°C to 60°C would be
nearly

(a) 10 min (b) 12 min
(c) 20 min (d) 15 min
Solution:

(d) From Newton's law of cooling, the time taken
(t) by a body to cool from T, to T, when placed
in a medium of temperature T, can be calculated
from relation

LT, _1(THT, o
t KL 2 0

When the object cool from 80°C to 70°C in 12
minutes, then from Newton's law of cooling,

80—7021(80+70_25j

12 K 2
[+ To=25°C]
5 1 .
—=—50 .. (@
5" K @
Similarly, when object cool from 70°C to 60°C
we get

70—6021[70+60_25j

t K 2

10 1 ..
40 it
P (i)
Divide Eq. (i) and (ii), we get

5 t 50

—_X—=—

6 10 40

t:%xlz = 15 minutes

. 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
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7 3
(a) ZT (b) ET
4
(c) gT (T
Solution:

(b) According to Newton’s law of cooling,
AT =AToe™
3T-2T=QBT-T)e™® .. ()
Again for next 10 minutes
T'-T =(2T )xe ... (ii)
From Eqgs. (i) and (ii), we get

1

T/ T =(21)(e ) =(2T)(Ej2

_T
2

T =T+—=

T_3t
2 2

Pro Newton’s Law of Cooling

1. Liquid is filled in a vessel which is kept in a
room with temperature 20°C .When the
temperature of the liquid is 80°C , then it loses
heat at the rate of 60 cal/sec . What will be the
rate of loss of heat when the temperature of
the liquid is 40°C
(a) 180 cal/sec
(c) 30 cal/sec
The correct answer is D.

We know rate of heat transfer
q = CAT

Where C is constant

60 = C(80 — 20)

60 =C x 60

c=1

for T =40°

q = C(40 — 20)

=1x%x20

g=20<

sec

(b) 40 cal/sec
(d) 20 cal/sec

2. In Newton's experiment of cooling, the water
equivalent of two similar calorimeters is 10
gm each. They are filled with 350 gm of water
and 300 gm of a liquid (equal volumes)
separately. The time taken by water and
liquid to cool from 70°C to 60°C is 3 min and
95 sec respectively. The specific heat of the
liquid will be
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(a) 0.3 Cal/gm °C
(c) 0.6 Cal/gm °C

(b) 0.5 Cal/gm °C
(d) 0.8 Cal/gm °C

Solution:
The answer is C
Cal
0.6— °C
gm
5 = — [tl(M C, + W) W]
[ m tw wbw
_ L [ % 350 x 1+ 10) 10]
" 30013 % 60
Cal
=0.6—Xx°C
gm

3. The room temperature is +20°C when outside

temperature is -20°C and room temperature is

+ 10°C when outside temperature is -40°C.
Find the temperature of the radiator heating
the room.

(a) 30°C (b) 60°C
(c) 90°C (d) 45°C
Solution:

The answer is B.
According to Newton’s law of cooling

dgoc(@ 6,)
dt °

0 — temperature

6, = room temperature
T —20 o< [20 — (—20)]

T —10 o< [10 — (—40)]

T—20 40
T—10 50

5T — 100 = 4T — 40
T = 60°C

4. If a piece of metal is heated to temperature 0
and then allowed to cool in a room which is at
temperature 0o, the graph between the
temperature T of the metal and time t will be
closest to
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(c) O t— (d) © t—>

(c) According to Newton’s law of cooling the
temperature goes on decreasing with time non-
linearly.

. A container with 1 kg of water in it is kept in

sunlight, which causes the water to get
warmer than the surroundings. The average
energy per unit time per unit area received
due to the sunlight is 700 Wm? and it is
absorbed by the water over an effective area
of 0.05 m?. Assuming that the heat loss from
the water to the surroundings is governed by
Newton's law of cooling, the difference (in °C)
in the temperature of water and the
surroundings after a long time will

be . (Ignore effect of the
container, and take constant for Newton's law
of cooling=0.001 s!, Heat capacity of water =
4200 J kg K1)

(8.33)

Rate of loss of heat,

dQ 4 4 ;
A_dt_ EO'A(T _TO) (1

(x

Q_ "

AT
=0T5*[<1+?0)4—1]
AT
= edTy [(1 + 4—) - 1]
To
dQ
Adt
Now from eq. (i)
dT

ms = —— = geA(T* =T [+ Q = msAT]

dT oeA
= —=—
dt ms

oeA ., (1 N AT>4 )
= — X B — —
ms ° To

= ogeT§ - 4AT .. (i)

[(To + ATH)] - Ty

dT _ creAT4 AAT
dt ms °

dT = KAT

dt ’

40eATS >

Constant for Newton's law of cooling
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K
= 40eAT = x (ms)
From eq. (i)
dQ
Adt
Since, rate of loss of heat = heat received per

second

= eoT3 - 4AT

700 = (%) (ms)AT

[K X ms = 4200 x 1073°]
_ 700 xA 700 X 5x 1072

= AT = =
K X ms 1073 x 4200
50 25
6 3
~ AT = 8.33
Beginner Weins Displacement Law

1.

Colour of shining bright star is an indication
of its

(a) Distance from the earth

(b) Size

(c) Temperature

(d) Mass

Solution:

The correct answer is C.

The colour of a star mostly indicates a star’s,
which are blue in colour, are the hottest, and class
M stars, which are red in colour, are the coldest.

. If light from the sun is found to have a

maximum intensity near the wavelength of
480 nm. Calculate the temperature of the
surface of the sun.

(a) 2000 K (b) 4000 K

(c) 6000 K (d) 8000 K
Solution:c)

AnT=b

3.

2.88x10° 2
=£= 88 x 0_9 _ 8800:6000K
A, 480x10 48

m

The spectral energy distribution of the Sun
(temp = 6050 K) has a maximum at 4753A.
The temperature of a Star for which this
maximum is at 9506 A is —

(a) 6050 K (b) 3025 K
(c) 12100 K (d) 24200 K
Solution: (b)
AmT=b= 1T
T’:’l_mx6050 :@x6050= 3025 K
A 9506
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4. Two stars emit maximum radiation at

wavelength 3600 A and 4800 A respectively.
The ratio of their temperature is

(@1:2 (b)2:1
(c)3:4 (d)4:3
Solution:(d)

5. The plots of intensity versus wavelength for
three black bodies at temperature T4, T, and
Ts respectively are as shown. Their
temperature are such that —

Iy

1 T,
(a) T1>T>Ts (b) T>Ts>T,
(C) T,>T3>Ty (d) T>T,>T,
Solution:(b)

6. Graph of spectral radiancy (E;) Vs
Wavelength (1) is shown in figure. Which of
the following combination is correct

B
(1

. R

(a) 1-Sun, 2-Tungsten wire, 3- welding arc
(b) 1-Tungsten wire, 2-welding arc, 3-sun
(c) 1-Sun, 2-welding arc, 3-Tungsten wire
(d) 1-welding arc, 2-Tungsten wire, 3-Sun

Solution: (b)

7. Three discs A, B and C having radii 2m, 4 m
and 6 m respectively are coated with carbon
black on their outer surfaces. The wavelength
corresponding to maximum intensity are 300
nm, 400 nm and 500 nm respectively.

The power radiated by them are Qa, Qs and
Qc respectively
(@) Qa is maximum (b) Qs is maximum
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(c) Qc is maximum (d) Qa=Qs=Qc

Solution: (b)

8. If wavelengths of maximum intensity of
radiations emitted by the sun and the moon
are 0.5 x 107° and 10* m respectively, the ratio
of their temperatures is

(a) 1/100 (b) 1/200
(c) 100 (d) 200
Solution:

The correct answer is D.

We know that AT = constant
Tsun — Amoon — 107*
Tooon  Asun 0.5 X 1076

T,
= —" =200

moon

9. The wavelength of radiation emitted by a body
depends upon
(a) The nature of its surface

(b) The area of its surface
(c) The temperature of its surface
(d) All the above factors

Solution:
The correct answer is C.
According to Wien’s displacement law as
temperature of body increases, the maximum
intensity of emission shifts towards shorter
wavelength.
AmT = b (constant)
Where 4,, is the wavelength at which maximum
emission takes place at absolute temperature T.

Expert Weins Displacement Law

1. The wavelength of maximum emitted energy
of a body at 700 K is 4.08 pm. If the
temperature of the body is raised to 1400 K,
the wavelength of maximum emitted energy
will be

(@) 1.02 pm (b) 16.32 pm
(c) 8.16 pm (d) 2.04 pm
Solution:

The correct answer is D.
/1m1T1 = Aszz

0
— 4.08 X —— = 2.04
T, 1400 pm

2. Two stars emit maximum radiation at
wavelength 3600 A and 4800 A respectively.
The ratio of their temperatures is
@1:2 (b)3:4

Thermal Prop. of Matter

(c)4:3 d2:1
Solution:

The correct answer is C.

By Wein’s displacement law

At maximum radiation AT = constant

= AlTl = AZTZ
Tl /12
= — = —
TZ )11
, T, 4
Ratio Of temper‘atures =—— ==
T, 3

3. Three stars A, B, C have surface temperatures
Ta, Ts, Tc, respectively. Star A appears
bluish, start B appears reddish and star C
yellowish. Hence

(a) Ta>Ts>Tc (b) Teg>Tc>Ta
(C) Tc>Te>Ta (d) Ta>Tc>Ts
Solution:
(d) According to Wein's displacement law,
a=Die aal 0
T T

We know that,
7\«b|uish < xyellowish < xreddish
Hence, using Eq.(i), we have Ta> Tc > Tsg

4. 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 500
nm is Uz and that at 1000 nm is Us. Wien's
constant, b = 2.88 x 10 nmK. Which of the
following is correct ?

@ Us=0 (b) U1 > U,
() Uz > Uy (dyui=0
Solution:

(c) Given, temperature, T1 = 5760 K
Since, it is given that energy of radiation emitted
by the body at wavelength 250 nm in U, at
wavelength 500 nm is U; and that at 1000 nm is
Us.
-+ According to Wien's law, we get
AnT=b
where, b =Wien's constant = 2.88 x 10® nmk
P
T
~2.88x10°nmK
" 5760K
Am =500 nm
* Am = wavelength corresponding to maximum
energy, so, U, > U,
5. A black body emits radiations of maximum

Explore more at www.ph
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intensity at a wavelength of 5000 A, when the
temperature of the body is 1227°C . If the
temperature of the body is increased by
1000°C , the maximum intensity of emitted
radiation would be observed at

(a) 27548 A (b) 3000 A
(c) 3500 A (d) 4000 A
Solution:

The correct answer is B.

By Wien’s displacement law A,,T = b we have

(5000)(1500) = (4,,)(1500 + 1000)

_ (500)(1500)

~ 2500

6. If the temperature of the sun becomes twice its
present temperature, then
(a) Radiated energy would be predominantly
in infrared
(b) Radiated energy would be predominantly
in ultraviolet
(c) Radiated energy would be predominantly
in X-ray region
(d) Radiated energy would become twice the
present radiated energy

Solution:
The correct answer is B.
Radiate energy would be predominantly in
ultraviolet. The wavelength corresponding to
maximum emission of radiation from the sin is
Amaz = 4753A° (close to the wavelength of
violet colour of visible region). Hence if

= =30004°

temperature is doubled A,, is decreased (Am x

%) i.e, mostly ultraviolet radiations emits.

7. A black body has maximum wavelength A, at
temperature 2000 K. Its corresponding
wavelength at temperature 3000 K will be

3 2

a) —A b) =4

()2m ()3m

4 9

c) =1 d =2

© 3 (d) 72
Solution:

The correct answer is B.

Applying Wien’s displacement law.
AT = Constant

Am1Ty = Am2 T

Am X 2000 = A1 x 3000

2
A= §Am
8. The intensity of radiation emitted by the sun

has its maximum value at a wavelength of 510
nm and that emitted by the north star has the
maximum value at 350 nm . If these stars
behave like black bodies, then the ratio of the
surface temperature of the sun and north star
is

(a) 1.46 (b) 0.69
(c)1.21 (d) 0.83
Solution:

The correct answer is B.

Using Wien’s displacement law.
AT = Constant

Given:

Ay =350mm Ag =510 mm
Ts Ay

Ty s

OR

Ts 350

= =0.69
Ty 510 0°

9. The power radiated by a black body is P and

it radiates maximum energy at wavelength, Ao.
If the temperature of the black body is now
changed, so that it radiates maximum energy

at wavelength % ho, the power radiated by it

becomes nP. The value of n is

256 4
a) — b) —
(@) o1 (b) 3

3 81
c) — d —
© 4 @ 256

Solution:

(a) According to Wien's law,
ﬂ’max o 1

i.e. Amax T = constant
where, Amax IS the maximum wavelength of the
radiation emitted at temperature T.

ﬂ“maxlTl = ﬂ“maszZ
A
or L. )
T2 /1max1

Here, A, =4 and 4., :%20

Substituting the above values in Eq. (i), we get

Explore more at www.ph



Adaptive Problems Book in Physics (Vol. 13)

orn-3 ... (i)
T, 4

As we know that, from Stefan's law, the power
radiated by a body at temperature T is given as
P = cAeT*

i.e. PocT?

(-~ the quantity cAe is constant for a body)

4 4
AL _[L
I:’2 TZ4 T2
From Eq. (i), we get

ﬂ_@“ _ 8L
P, \4) 256

Given, P, =P and P, =nP

R_P_81
P, nP 256
256
or n=—o
81
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Beginner Test - |

. Is it correct to call heat as the energy in transit?

. Can temperature on Celsius scale and kelvin scale related?

. Why should a thermometer bulb have a small heat capacity?

. Each side of a cube increases by 0.01% on heating. How much is the area of its faces and volume increased?

. Find out the temperature which has same numerical value on celsius and fahrenheit scale.

. Gas thermometers are more sensitive than mercury thermometers. Why?

. A steel tape 1 m long is correctly calibrated for a temperature of 27.0 °C. The length of a steel rod measured
by this tape is found to be 63.0 cm on a hot day when the temperature is 45.0 °C. What is the actual length of
the steel rod on that day? What is the length of the same steel rod on a day when the temperature is 27.0°C?
Coefficient of linear expansion of steel = 1.20 x 105 °C1?

8. There are two spheres of same radius and material at same temperature but one being solid while the other
hollow. Which sphere will expand more if (i) they are heated to the same temperature (ii) same amount of heat
is given to each of them?

9. Two identical rectangular strips-one of copper and the other of steel are riveted to form a bimetallic strip. What
will happen on heating?

10. The triple points of neon and carbon dioxide are 24.57 K and 216.55 K, respectively. Express these

temperatures on the celsius and fahrenheit scales.

11. A metallic ball has a radius of 9.0 cm at 0°C. Calculate the change in its volume when it is heated to 90°C.
Given that coefficient of linear expansion of metal of ball is 1.2 x 105 K.

12. The brass scale of a barometer gives correct reading at 0°C. Coefficient of linear expansion of brass is 2.0 x
105 /°C. The barometer reads 75.00 cm at 27°C. What is the true atmospheric pressure at 27°C?

13. A brass rod of length 50 cm and diameter 3.0 mm is joined to a steel rod of the same length and diameter.
What is the change in length of the combined rod at 250°C, if the original length are at 40.0°C? Is there a
‘thermal stress’ developed at the junction? The ends of the rod are free to expand. Coefficient of linear
expansion of brass = 2.0 x 10° °C! and that of steel = 1.2 x 10 °C

14. Show that the coefficient of volume expansion for a solid substance is three times its coefficient of linear
expansion.

15. Black body radiation is white. Comment.

16. If all the objects radiate electromagnetic energy, why do not the objects around us in everyday life become
colder and colder?

17. Can we boil water inside in the earth satellite?

18. Why an ice box is constructed with a double wall?

19. Two bodies at different temperatures T1 and T, if brought in thermal contact do not necessarily settle at the

~N o OB W N

T +T
mean temperature % . Why?

20. Place a safety pin on a sheet of paper. Hold the sheet over a burning candle, until the paper becomes yellow
and charr. On removing the pin, its white trace is observed on the paper. Why?

21. Is it possible to convert water into vapour form without increasing its temperature, if temperature and pressure
of water are 30 °C and 1 atm respectively?

22. Which object will cool faster when kept in open air, the one at 300 °C or the one of 100 °C? Why?

23. Two thermos flasks are of the same height and same capacity. One has a circular cross-section while the other
has a square cross-section. Which of the two is better?

[Explore more at www.physicsfactor.com
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24. Given below are observations on molar specific heats at room temperature of some common gases.

Gas Molar specific heat

(Cv) (cal mol* K1)
Hydrogen 4.87
Nitrogen 4.97
Oxygen 5.02
Nitric oxide 4.99
Carbon monoxide 5.01
Chlorine 6.17

The measured molar specific heats of these gases are markedly different from those for monoatomic gases.
(Typically, molar specific heat of a monoatomic gas is 2.92 cal/mol K). Explain this difference. What can you
infer from the somewhat larger than the rest) value for chlorine?

25. Two vessels of different materials are identical in size and wall thickness. They are filled with equal quantities
of ice at 0°C. If the ice melts completely in 10 and 25 min respectively, compare the coefficients of thermal
conductivity of the materials of the vessels.

26. In a coal fire, the pockets formed by coals appear brighter than the coals themselves. Is the temperature of
such a pocket higher than the surface temperature of a glowing coal?

27. Why rooms are provided with the ventilators near the roof?

28. If a drop of water falls on a very hot iron, it does not evaporate for a long time. Give reason.

29. How does tea in a thermo flask remain hot for a long time?

30. Two vessels A and B of different materials but having identical shape, size and wall thickness are filled with
ice and kept at the same place. Ice melts at the rate of 100 g min~t and 150g min- in A and B, respectively.
Assuming that heat enters the vessels through the walls only, calculate the ratio of thermal conductivities of
their materials.

31. Explain the following
(i) Hot tea cools rapidly when poured into the saucer from the cup.

(if) Temperature of a hot liquid falls rapidly in the beginning but slowly afterwards.
(iif) A hot liquid cools faster if outer surface of the container is blackened.

32. A copper block of mass 2.5 kg is heated in a furnace to a temperature of 500°C and then placed on a large ice
block. What is the maximum amount of ice that can melt? (specific heat of copper = 0.39 Jg~* °C, and heat
of fusion of water = 335 Jg2).

33. Two rods of the same area of cross-section, but of lengths I, and I, and conductivities K; and K are joined in
series. Show that the combination is equivalent of a material of conductivity

B I +1,

34. A child running a temperature of 101°F is given an antipyretic (i.e. a medicine that lowers fever) which causes
an increase in the rate of evaporation of sweat from his body. If the fever is brought down to 98°F in 20 min.
What is the average rate of extra evaporation caused by the drug? Assume the evaporation mechanism to be
the only way by which heat is lost. The mass of the child is 30 kg. The specific heat of human body is
approximately the same as that of water and latent heat of evaporation of water at that temperature is about
580 cal g*.

35. Explain why
() a body with large reflectivity is a poor emitter.

(ii) a brass tumbler feels much colder than a wooden tray on a chilly day.
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(iif) an optical pyrometer (for measuring high temperature) calibrated for an ideal black body radiation gives
too low a value for the temperature of a red hot iron piece in the open, but gives a correct value for the
temperature when the same piece is in the furnace.
(iv) the earth without its atmosphere would be inhospitably cold.
(v) heating systems based on circulation of steam are more efficient in warming a building than those based
on circulation of hot water.

36. Distinguish between conduction, convection and radiation.

Answer Key

Refer. Solutions

Beginner Test - 11

1. The triple points of neon and carbon dioxide are 24.57 K and 216.55 K respectively. Express these
temperatures on the Celsius and Fahrenheit scales.

2. Two absolute scales A and B have triple points of water defined to be 200 A and 350 B. What is the relation
between Taand Tg?

3. The electrical resistance in ohms of a certain thermometer varies with temperature according to the
approximate law:
R=Ro [1 +0L(T—To)]
The resistance is 101.6 Q at the triple-point of water 273.16 K, and 165.5 Q at the normal melting point of
lead (600.5 K). What is the temperature when the resistance is 123.4 Q?

4. Answer the following:
The triple-point of water is a standard fixed point in modern thermometry. Why? What is wrong in taking the
melting point of ice and the boiling point of water as standard fixed points (as was originally done in the
Celsius scale)?
There were two fixed points in the original Celsius scale as mentioned above which were assigned the
number 0 °C and 100 °C respectively. On the absolute scale, one of the fixed points is the triple-point of
water, which on the Kelvin absolute scale is assigned the number 273.16 K. What is the other fixed point on
this (Kelvin) scale?
The absolute temperature (Kelvin scale) T is related to the temperature t. on the Celsius scale by t. =T —
273.15
Why do we have 273.15 in this relation, and not 273.16?
What is the temperature of the triple-point of water on an absolute scale whose unit interval size is equal to
that of the Fahrenheit scale?

5. Two ideal gas thermometers A and B use oxygen and hydrogen respectively. The following observations are
made

Temperature Pressure thermometer A Pressure thermometer B
Triple — point of water 1.250 x 10° Pa 0.200 x 10°Pa
Normal melting point of sulphur 1.797 x 10° Pa 0.287 x 10°Pa

What is the absolute temperature of normal melting point of sulphur as read by thermometers A and B?
What do you think is the reason behind the slight difference in answers of thermometers A and B? (The
thermometers are not faulty). What further procedure is needed in the experiment to reduce the discrepancy
between the two readings?

6. A large steel wheel is to be fitted on to a shaft of the same material. At 27 °C, the outer diameter of the shaft
is 8.70 cm and the diameter of the central hole in the wheel is 8.69 cm. The shaft is cooled using ‘dry ice’. At
what temperature of the shaft does the wheel slip on the shaft? Assume coefficient of linear expansion of the
steel to be constant over the required temperature range: asteel = 1.20 x 10° K.
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7. A hole is drilled in a copper sheet. The diameter of the hole is 4.24 cm at 27.0 °C. What is the change in the
diameter of the hole when the sheet is heated to 227 °C? Coefficient of linear expansion of copper = 1.70 x
10° K1,

8. A brass wire 1.8 m long at 27 °C is held taut with little tension between two rigid supports. If the wire is
cooled to a temperature of —39°C, what is the tension developed in the wire, if its diameter is 2.0 mm? Co-
efficient of linear expansion of brass = 2.0 x 10° -1 K ; Young’s modulus of brass = 0.91 x 10! Pa.

9. A brass rod of length 50 cm and diameter 3.0 mm is joined to a steel rod of the same length and diameter.
What is the change in length of the combined rod at 250 °C, if the original lengths are at 40.0 °C? Is there a
‘thermal stress’ developed at the junction? The ends of the rod are free to expand (Co-efficient of linear
expansion of brass = 2.0 x 10° K1, steel = 1.2 x 10° K1).

10. The coefficient of volume expansion of glycerine is 49 x 10 K . What is the fractional change in its

density for a 30 °C rise in temperature?

11. A 10 kW drilling machine is used to drill a bore in a small aluminium block of mass 8.0 kg. How much is
the rise in temperature of the block in 2.5 minutes, assuming 50% of power is used up in heating the
machine itself or lost to the surroundings. Specific heat of aluminium =0.91 J g-1 K-1.

12. A copper block of mass 2.5 kg is heated in a furnace to a temperature of 500 °C and then placed on a large
ice block. What is the maximum amount of ice that can melt? (Specific heat of copper = 0.39 J g* K ; heat
of fusion of water =335Jg%).

13. 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? of water at 27°C. The final
temperature is 40°C. Compute the specific heat of the metal. If heat losses to the surroundings are not
negligible, is your answer greater or smaller than the actual value for specific heat of the metal?

14. Given below are observations on molar specific heats at room temperature of some common gases.

Gas Molar specific heat (Cv) (cal mol* K1)
Hydrogen 4.87
Nitrogen 4.97
Oxygen 5.02
Nitric oxide 4.99
Carbon monoxide 5.01
Chlorine 6.17

The measured molar specific heats of these gases are markedly different from those for monatomic gases.
Typically, molar specific heat of a monatomic gas is 2.92 cal/mol K. Explain this difference. What can you
infer from the somewhat larger (than the rest) value for chlorine?

15. Answer the following questions based on the P-T phase diagram of carbon dioxide:

P (atm) ,

f

73.0 J
56.0 /

A

Liqui

Solid

C

5.11

10 [ Vapour

>

78.5 -56.6 20 3L1 T°(C)
(a)At what temperature and pressure can the solid, liquid and vapour phases of CO2 coexist in equilibrium?
(b)What is the effect of decrease of pressure on the fusion and boiling point of CO2?
(c) What are the critical temperature and pressure for CO, What is their significance?
(d)Is CO- solid, liquid or gas at (a) —70 °C under 1 atm, (b) —60 °C under 10 atm, (c) 15 °C under 56 atm?
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16.

17.

18.

19.

20.

21.

Answer the following questions based on the P—T phase diagram of CO:

P (atm) y

f

73.0 //

56.0

3

Liqui

Solid

C

5.11

10— Vapour

>

78.5 —56.6 20 3L1 T°(C)
(a)CO; at 1 atm pressure and temperature — 60 °C is compressed isothermally. Does it go through a liquid
phase?
(b)What happens when CO: at 4 atm pressure is cooled from room temperature at constant pressure?
(c) Describe qualitatively the changes in a given mass of solid CO; at 10 atm pressure and temperature —65
°C as it is heated up to room temperature at constant pressure.
(d)COs is heated to a temperature 70 °C and compressed isothermally. What changes in its properties do you
expect to observe?
A child running a temperature of 101°F is given an antipyrin (i.e. a medicine that lowers fever) which causes
an increase in the rate of evaporation of sweat from his body. If the fever is brought down to 98 °F in 20
min, what is the average rate of extra evaporation caused, by the drug? Assume the evaporation mechanism
to be the only way by which heat is lost. The mass of the child is 30 kg. The specific heat of human body is
approximately the same as that of water and latent heat of evaporation of water at that temperature is about
580 cal g*.
A ‘thermacole’ icebox is a cheap and efficient method for storing small quantities of cooked food in summer
in particular. A cubical icebox of side 30 cm has a thickness of 5.0 cm. If 4.0 kg of ice is put in the box,
estimate the amount of ice remaining after 6 h. The outside temperature is 45 °C, and co-efficient of thermal
conductivity of thermacole is 0.01 J s* m™ k1. [Heat of fusion of water = 335 x 102 J kg']
A brass boiler has a base area of 0.15 m? and thickness 1.0 cm. It boils water at the rate of 6.0 kg/min when
placed on a gas stove. Estimate the temperature of the part of the flame in contact with the boiler. Thermal
conductivity of brass = 10° J s m? k' ; Heat of vaporisation of water = 2256 x 10% J kg™ .
Explain why:
(@)A body with large reflectivity is a poor emitter
(b)a brass tumbler feels much colder than a wooden tray on a chilly day
(c)an optical pyrometer (for measuring high temperatures) calibrated for an ideal black body radiation gives
too low a value for the temperature of a red hot iron piece in the open, but gives a correct value for the
temperature when the same piece is in the furnace.
(d) the earth without its atmosphere would be inhospitably cold
(e)heating systems based on circulation of steam are more efficient in warming a building than those based
on circulation of hot water
A body cools from 80°C to 50°C in 5 minutes. Calculate the time it takes to cool from 60°C to 30°C. The
temperature of the surroundings is 20 °C.

Answer Key
1. T, = —248.58°C , Tr = 415.44°F ,T,= -56.60°C, Tr = —69.88°F 2.4:7
3. T=384.61K 4. 491.69 5.391.98 K 6. —68.95°C(-69°C)
7.1.44 x 10?2 cm 8.-3.8x102N 9.0.346 cm 10.1.47 x 10-2
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11.103°C 12.1.45kg 13.0.43JgtK? 14. 4.95 cal mol* K-
15. NA 16. NA 17. 4.3 g/min 18. 3.687 kg
19. 237.98°C 20. NA 21. 10 minutes.

Expert Test - |

1. A copper rod of 88 cm and an aluminum rod of unknown length have their increase in length independent of
increase in temperature. The length of aluminum rod is (acy = 1.7 X 10° K, aa = 2.2 x 10° K1)
(@) 113.9cm (b) 88 cm
(c) 68 cm (d) 6.8 cm

. Coefficient of linear expansion of brass and steel rods are a: and a» Lengths of brass and steel rods are I, and
I, respectively. If (I, — 1) is maintained same at all temperatures, which one of the following relations holds
good?
@) aly = ol (b) o5l =),
(©) alh=a,l, d) al, =,

. The quantities of heat required to raise the temperature of two solid copper spheres of radii ry and rz (r, =
1.5r,) through 1K are in the ratio

9 3
(a) 2 (b) >

5 27
(c) 3 (d) ry

. 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 his [Latent heat
of ice is 3.4 x 10° J/kg and g = 10N/kg]

(@) 544 km (b) 136 km
(c) 68 km (d) 34 km

. 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 (b) more than 50°C
(c) less than 50°C but greater than 0°C (d) 0°C

. A cup of coffee cools from 90°C to 80°C in t minutes, when the room temperature is 20°C. The time taken by
a similar cup of coffee to cool from 80°C to 60°C at a room temperature same at 20°C, is

@) %t (b) %t
10 5
(© Et (d) Et

. Three stars A, B, C have surface temperatures Ta, Ts, Tc, respectively. Star A appears bluish, start B appears
reddish and star C yellowish. Hence
(a) Ta>Te>Tc (b) Te>Tc>Ta
(C) Tc>Teg>Ta (d) Ta>Tc>Ts

. An object kept in a large room having air temperature of 25°C takes 12 minutes to cool from 80°C to 70°C.
The time taken to cool for the same object from 70°C to 60°C would be nearly
(a) 10 min (b) 12 min
(c) 20 min (d) 15 min

9. A deep rectangular pond of surface area A, containing water (density = p, specific heat capacity = s), is
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located in a region where the outside air temperature is a steady value at the —26°C. The thickness of the
frozen ice layer in this pond, at a certain instant is x. Taking the thermal conductivity of ice as K, and its
specific latent heat of fusion as L, the rate of increase of the thickness of ice layer, at this instant would be
given by
(a) 26K/p r(L—4s) (b) 26K/(px? -L)
(c) 26K/(pxL) (d) 26K/pr(L + 4s)

10. The power radiated by a black body is P and it radiates maximum energy at wavelength, Ao. If the

3
temperature of the black body is now changed, so that it radiates maximum energy at wavelength 2 Ao, the

power radiated by it becomes nP. The value of n is

256 4
@ E (b) g

3 81
(c) 2 (d) 256

11. Two rods A and B of different materials are welded together as shown in figure. Their thermal
conductivities are K; and Ka. The thermal conductivity of the composite rod will be

T %%/////é E

—

K,+K
@ o ) e rie)
(c) K1 + Kz (d) 2(K:1 + Ky)

12. A spherical black body with a radius of 12 cm radiates 450 watt power at 500 K. If the radius were halved
and the temperature doubled, the power radiated in watt would be
(@) 225 (b) 450
(c) 1000 (d) 1800

13. A black body is at a temperature of 5760 K. The energy of radiation emitted by the body at wavelength 250
nm is Us, at wavelength 500 nm is U and that at 2000 nm is Us. Wien's constant, b = 2.88 x 10 nmK.
Which of the following is correct ?
(@ Us=0 (b) U1 >U;
(c) Uz > U (duUi=0

14. 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

7 3
(a) ZT (b) ET

(©) gT @T

15. A piece of iron is heated in a flame. If first becomes dull red then becomes reddish yellow and finally turns
to white hot. The correct explanation for the above observation is possible by using
(a) Stefan's law (b) Wien's displacement law
(c) Kirchhoff's law (d) Newton's law of cooling
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Answer Key
1.(¢) 2. (o) 3.(d) 4. (b)
5. (b) 6. (b) 7.(d) 8. (d)
9.(c) 10. (a) 11. (a) 12. (d)
13. (c) 14. (b) 15. (b)
Expert Test - 11

1. Two different wires having lengths L; and L, and respective temperature coefficient of linear expansion oy and
ay are joined end-to-end. Then the effective temperature coefficient of linear expansion is:

@) % (b) 2 /aa,
nta, o, LL
4t d) 4

© % @ LT

2. When the temperature of a metal wire is increased from 0°C to 10°C, its length increased by 0.02%. The
percentage change in its mass density will be closest to :
(@) 0.06 (b) 2.3
(c) 0.008 (d)o.8

3. At 40°C, a brass wire of 1 mm radius is hung from the ceiling. A small mass, M is hung from the free end of
the wire. When the wire is cooled down from 40°C to 20°C it regains its original length of 0.2 m. The value of
M is close to: (Coefficient of linear expansion and Young's modulus of brass are 10-°/°C and 10 N/m?,
respectively; g = 10 ms2)
(@) 9kg (b) 0.5 kg
(c)1.5kg (d) 0.9 kg

4. Two rods A and B of identical dimensions are at temperature 30°C. If A is heated upto 180°C and B upto T°C,
then the new lengths are the same. If the ratio of the coefficients of linear expansion of A and B is 4:3, then the
value of T is :
(a) 230°C (b) 270°C
(c) 200°C (d) 250°C

5. Arod, of length L at room temperature and uniform area of cross section A, is made of a metal having coefficient
of linear expansion a/°C. It is observed that an external compressive force F, is applied on each of its ends,
prevents any change in the length of the rod, when its temperature rises by AT K. Young's modulus, Y, for this
metal is:

F
@ pcaT O pa(aT —273)
c a —2F
©) SaaaT @ pcaT

6. 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 « 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:

3a
@ o (b) 3PKa

i 0P
© 32K @k

7. A compressive force, F is applied at the two ends of a long thin steel rod. It is heated, simultaneously, such that
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its temperature increases by AT. The net change in its length is zero. Let | be the length of the rod, A its area of
cross-section, Y its Young's modulus, and « its coefficient of linear expansion. Then, F is equal to :
(@) PYa AT (b) IAYa AT
(c) AYa AT (b) aAT
8. On a linear temperature scale Y, water freezes at — 160° Y and boils at — 50°Y. On this Y scale, a temperature
of 340K would be read as : (water freezes at 273 K and boils at 373 K)
(@-73.7°Y (b) —233.7° Y
(c) -86.3°Y (d)-106.3°Y
9. A bakelite beaker has volume capacity of 500 cc at 30°C. When it is partially filled with V, volume (at 30°C)
of mercury, it is found that the unfilled volume of the beaker remains constant as temperature is varied. If
Ybeaker) = 6 X 1078 °Ct and y(mercury) = 1.5 X 1074 °C-1, where v is the coefficient of volume expansion, then Vi,
(incc) is close to
10. A non-isotropic solid metal cube has coefficients of linear expansion as: 5 x 10-%/°C along the x-axis and 5 X
1075/ °C along the y and the z-axis. If the coefficient of volume expansion of the solid is C x 1075/°C then the
value of C is
11. Three rods of identical cross-section and lengths are made of three different materials of thermal conductivity
K1, Kz and Ks, respectively. They are joined together at their ends to make a long rod (see figure). One end of
the long rod is maintained at 100°C and the other at 0°C (see figure). If the joints of the rod are at 70°C and
20°C in steady state and there is no loss of energy from the surface of the rod, the correct relationship between
K1, Kz and K3 is:

K, K, K,
100°C 0°C
70°C  20°C
(a)K1:K3=2:3,K1<K3:2:5 (b)K1<K2<K3
(C)K1:K2:522,K1:K3:315 (d)K1>K2>K3

12. A bullet of mass 5 g, travelling with a speed of 210 m/s, strikes a fixed wooden target. One half of its Kinetics
energy is converted into heat in the bullet while the other half is converted into heat in the wood. The rise of
temperature of the bullet if the specific heat of its material is 0.030 cal (g — °C)(1 cal = 4.2 x 107 ergs) close
to:

(a) 87.5°C (b) 83.3°C
(c) 119.2°C (d) 38.4°C

13. The specific heat of water = 4200 Jkg* K and the latent heat of ice = 3.4 x 10° J kg. 100 grams of ice at
0°C is placed in 200 g of water at 25°C. The amount of ice that will melt as the temperature of water reaches
0°C is close to (in grams):

(a) 61.7 (b) 63.8
(c) 69.3 (d) 64.6

14. A calorimeter of water equivalent 20 g contains 180 g of water at 25°C. 'm' grams of steam at 100°C is mixed
in it till the temperature of the mixture is 31°C. The value of 'm' is close to (Latent heat of water = 540 cal g~
!, specific heat of water = 1 cal g* °C™)

(@2 (b) 4
(c)3.2 (d) 2.6

15. M grams of steam at 100°C is mixed with 200 g of ice at its melting point in a thermally insulated container.
If it produces liquid water at 40°C [heat of vaporization of water is 540 cal/g and heat of fusion of ice is 80
cal/g], the value of M is

16. When M; gram of ice at —-10°C (Specmc heat = 0.5 cal g7'°C?) is added to M2 gram of water at 50°C, finally
no ice is left and the water is at 0°C. The value of latent heat of ice, in cal g*
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17.

18.

19.

20.

21.

22.

(a) XMz g (b) 2Ms1 50
1 M 2
() XM @ Mz _g
M, M,
Two materials having coefficients of thermal conductivity '3K' and 'K' and thickness 'd' and 3d’, respectively,

are joined to form a slab as shown in the figure. The temperatures of the outer surfaces are ‘0" and 0y’
respectively, (62 > 81). The temperature at the interface is:
d 3d

B,| 3K K 0,

6, 96, 6, +6,
Q) —+—= b) =21
@ 10 10 ) 2
6, 506, 6, 26,
c) —+—= d) —+——=
© 6 6 @ 3 3
A cylinder of radius R is surrounded by a cylindrical shell of inner radius R and outer radius 2R. The thermal

conductivity of the material of the inner cylinder is K; and that of the outer cylinder is K. Assuming no loss
of heat, the effective thermal conductivity of the system for heat flowing along the length of the cylinder is:

K, +K,
(a) > (b) K1 + Kz
2K, + 3K, K, +3K,
c) ————= d ——=
(©) 5 (d) 2
Ice at —20°C is added to 50 g of water at 40°C, When the temperature of the mixture reaches 0°C, it is found

that 20 g of ice is still unmelted. The amount of ice added to the water was close to
(Specific heat of water = 4.2J/g/°C

Specific heat of Ice = 2.1 J/g/°C

Heat of fusion of water at 0°C = 334J/g)

(@) 509 (b) 100 g
(c)60g (d)40g
When 100 g of a liquid A at 100°C is added to 50 g of a liquid B at temperature 75°C, the temperature of the

mixture becomes 90°C. The temperature of the mixture, if 100 g of liquid A at 100°C is added to 50 g of liquid
B at 50°C, will be:

(a) 85°C (b) 60°C
(c) 80°C (d) 70°C
A heat source at T = 102 K is connected to another heat reservoir at T = 10? K by a copper slab which is 1 m

thick. Given that the thermal conductivity of copper is 0.1 WK~ m2, the energy flux through it in the steady
state is:

(@) 90 Wm2 (b) 120 Wm
(c) 65 Wm (d) 200 Wm-
An unknown metal of mass 192 g heated to a temperature of 100°C was immersed into a brass calorimeter of

mass 128 g containing 240 g of water at a temperature of 8.4°C. Calculate the specific heat of the unknown
metal if water temperature stabilizes at 21.5°C. (Specific heat of brass is 394 J kg™ K1)

(@) 458 J kgt K1 (b) 1232 J kgt K

(c) 916 J kg K (d) 654 J kgt K1

[Explore more at www.physicsfactor.com 13-TQ10



Adaptive Problems Book in Physics (Vol. 13) Thermal Prop. of Matter

23. Temperature difference of 120°C is maintained between two ends of a uniform rod AB of length 2L. Another

. 3L . .
bent rod PQ, of same cross-section as AB and length PR is connected across AB (See figure). In steady state,

temperature difference between P and will be close to:

ENVI I IS IS I IS IS

L |H
T A
A PTZ777777777777 77777777777 B

(@) 45°C (b) 75°C
(c) 60°C (d) 35°C

24. In an experiment a sphere of aluminium of mass 0.20 kg is heated upto 150°C. Immediately, it is put into
water of volume 150 cc at 27°C kept in a calorimeter of water equivalent to 0.025 kg. Final temperature of the
system is 40°C. The specific heat of aluminium is : (take 4.2 Joule = 1 calorie)
(@) 378 J/lkg — °C (b) 315J/kg — °C
(c) 476J/kg — °C (d) 434 J/kg — °C

25. A copper ball of mass 100 gm is at a temperature T. It is dropped in a copper calorimeter of mass 100 gm,
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
(a) 1250°C (b) 825°C
(c) 800°C (d) 885°C

26. An experiment takes 10 minutes to raise the temperature of water in a container from 0°C to 100°C and another
55 minutes to convert it totally into steam by a heater supplying heat at a uniform rate. Neglecting the specific
heat of the container and taking specific heat of water to be 1 cal/g °C, the heat of vapourization according to
this experiment will come out to be :
(a) 560 cal/g (b) 550 cal/ g
(c) 540 cal/g (d) 530 cal/ g

27. Three rods of Copper, Brass and Steel are welded together to form a Y shaped structure. Area of cross - section
of each rod = 4 cm?. 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 excepts 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:
(@) 1.2 calls (b) 2.4 calls
(c) 4.8 calls (d) 6.0 calls

28. A black coloured solid sphere of radius R and mass M is inside a cavity with vacuum inside. The walls of the
cavity are maintained at temperature TO. The initial temperature of the sphere is 3TO. If the specific heat of
the material of the sphere varies as aT3 per unit mass with the temperature T of the sphere, where o is a
constant, then the time taken for the sphere to cool down to temperature 2TO will be (o is Stefan Boltzmann
constant)

Ma 3 Mo 16
a In| = b In| —
@ 47R%*c n(Zj (b) 47R’c n[ 3)
M o 16 Ma 3
c In| = d In| =
© 167R%*c n( 3) @ 167R*c n(Z)

29. Assume that a drop of liquid evaporates by decrease in its surface energy , so that its temperature remains
unchanged. What should be the minimum radius of the drop for this to be possible? The surface tension is T,
density of liquid is p and L is its latent heat of vaporization.
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(a) pL/T (b) JT7pL
(c) T/pL (d) 2T/pL

30. A mass of 50¢g of water in a closed vessel, with surroundings at a constant temperature takes 2 minutes to cool
from 30°C to 25°C. A mass of 100g of another liquid in an analytic vessel with identical surroundings takes
the same time to cool from 30° C to 25° C. The specific heat of the liquid is : (The water equivalent of the
vessel is 309.)

(a) 2.0 kcal/kg (b) 7 kcal/kg
(c) 3 keal/kg (d) 0.5 kcal/kg

31. A metallic sphere cools from 50°C to 40°C in 300 s. If atmospheric temperature around is 20°C, then the
sphere's temperature after the next 5 minutes will be close to :
(@) 31°C (b) 33°C
(c) 28°C (d) 35°C

32. Two identical beakers 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 kgt K while liquid in B has
density of 10° kg m2 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)

60°CT 60°C 4
t Is t|a
(a) t—> (b) L—>
60°C 1+ 60°CH
RIS T [Namis
N f
{—»
(©) (d) t—>

33. A body takes 10 minutes to cool from 60°C to 50°C. The temperature of surroundings is constant at 25°C.
Then, the temperature of the body after next 10 minutes will be approximately
(a) 43°C (b) 47°C
(c)41°C (d) 45°C

34. Hot water cools from 60°C to 50°C in the first 10 minutes and to 42°C in the next 10 minutes. The temperature
of the surroundings is:
(@) 25°C (b) 10°C
(c) 15°C (d) 20°C

35. If a piece of metal is heated to temperature 8 and then allowed to cool in a room which is at temperature 6o,
the graph between the temperature T of the metal and time t will be closest to

@ © = ©) © =
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I\ (A
N - 1§ I—

) O t—> (d) O t—>

Answer Key
1. (a) 2. (a) 3. (Bonus) 4. (a)
5.(a) 6. (c) 7.(0) 8. (¢)
9. (20.00) 10. (60.00) 11. (a) 12. (a)
13. (a) 14. (a) 15. (40) 16. (a)
17. (a) 18. (d) 19. (d) 20. (¢)
21. (a) 22. (0) 23. (a) 24. (d)
25. (d) 26. (b) 27. (0) 28. (¢)
29. (d) 30. (d) 31. (b) 32. (b)
33. (@) 34. (b) 35. (0)

Pro Test - 1

1. The ends Q and R of two thin wires, PQ and RS, are soldered (joined) together. Initially each of the wires has
a length of 1 m at 10°C. Now the end P is maintained at 10°C, while the end S is heated and maintained at
400 °C. The system is thermally insulated from its surroundings. If the thermal conductivity of wire PQ is
twice that of the wire RS and the coefficient of linear thermal expansion of PQ is 1.2 x 1075K~1, the change
in length of the wire PQ is
(@) 0.78mm (b) 0.90 mm
(c) 1.56 mm (d) 2.34 mm

. A water cooler of storage capacity 120 litres can cool water at a constant rate of P watts. In a closed
circulation system (as shown schematically in the figure), the water from the cooler is used to cool an
external device that generates constantly 3 kW of heat (thermal load). The temperature of water fed into the
device cannot exceed 30°C and the entire stored 120 litres of water is initially cooled to 10°C. The entire
system is thermally insulated. The minimum value of P (in watts) for which the device can be operated for 3
hours is (Specific heat of water is 4.2 kj kgt K and the density of water is 1000 kg m™

Cooler Device
: I =
o e L 55 —
-]
------- Cold  L—
(a) 1600 (b) 2067
(c) 2533 (d) 3933

. Parallel rays of light of intensity I = 912 Wm™2 are incident on a spherical black body kept in
surroundingsof temperature 300 K. Take Stefan-Boltzmann constant ¢ = 5.7 x 1078Wm™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) 660 K
(c) 990 K (d) 1550K
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4. Two rectangular blocks, having identical dimensions, can be arranged either in configuration-1 or in
configuration-11 as shown in the figure. One of the blocks has thermal conductivity k and the other 2k. The
temperature difference between the ends along the x-axis is the same in both the configurations. It takes 9 s 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-I1l1is  [Adv. 2013]

Configuration-I Configuration-I1
2k
k 2k k
> X
(a) 2.0s (b) 4.5s
(c) 3.0s (d) 6.0s

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

6. Two spherical stars A and B emit blackbody radiation. The radius of A is 400 times that of B and A emits 104

times the power emitted from B. The ratio ;—A of their wavelengths A, and Az at which the peaks occur in their
B

respective radiation curves is

7. A liquid at 30°C is poured very slowly into Calorimeter that is at temperature of 110°C. The boiling
temperature of the liquid is 80°C. It is found that the first 5gm of the liquid completely evaporates. After
pouring another 80gm of the liquid to its specific heat will be °C. [Neglect the heat
exchange with surrounding]

8. Two conducing cylinders of equal length but different radii are connected in series between two heat baths
kept at temperatures T; = 300K and T, = 100K, as shown in the figure. The radius of the bigger cylinder is
twice that of the smaller one and the thermal conductivities of the materials of the smaller and the larger
cylinders are K, and K, respectively. If the temperature at the junction of the two cylinders in the steady state
is 200 K, then K, /K, =

Insulating material

T, K, K, T,

L

< >
L
9. A current carrying wire heats a metal rod. The wire provides a constant power P to the rod. The metal rod is
enclosed in an insulated container. It is observed that the temperature (T) is the metal rod changes with time
(t)as T(t) = To(1 + Bt/*) Where B is a constant with appropriate dimensions while Ty is a constant with

dimensions of temperature. The heat capacity of metal is:
4P(T(t)—-To)

4P(T(t)-Ty)?

(@) BATS (b) BATS
4P(T(6)-Tp)* 4P(T(t)=To)3
(c) 34—750 @) =iz 0

10. A container with 1 kg of water in it is kept in sunlight, which causes the water to get warmer than the
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11.

surroundings. The average energy per unit time per unit area received due to the sunlight is 700 Wm? and it
is absorbed by the water over an effective area of 0.05 m2. Assuming that the heat loss from the water to the
surroundings is governed by Newton's law of cooling, the difference (in °C) in the temperature of water and
the surroundings after a long time will be . (Ignore effect of the container, and take constant
for Newton's law of cooling=0.001 s!, Heat capacity of water = 4200 J kg* K1)

A human body has a surface area of approximately 1 m2 The normal body temperature is 10 K above the
surrounding room temperature TO. Take the room temperature to be To = 300 K. For T = 300 K, the value
of 6Tg = 460Wm™?2 (where o is the Stefan-Boltzmann constant). Which of the following options is/are
correct?

(a)The amount of energy radiated by the body in 1 second is close to 60 joules.

(b)If the surrounding temperature reduces by a small amount AT, < T, then to maintain the same body
temperature the same (living) human being needs to radiate AW = 46T3AT,, more energy per unit time
(c)Reducing the exposed surface area of the body (e.g. by curling up) allows humans to maintain the same
body temperature while reducing the energy lost by radiation

(d)If the body temperature rises significantly then the peak in the spectrum of electromagnetic radiation
emitted by the body would shift to longer wavelengths

Answer Key
1. (a) 2. (b) 3.(a) 4. (a)
5.(9) 6. (2) 7.(270°C) 8. (4.00)
9. (d) 10. (8.33) 11. (c)
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Solutions: Beginner Test - |

2

3

Yes, it is perfect correct to call heat as the energy
in transit because it is continuously flowing on
account of temperature difference between bodies
or parts of a system.

.t("C) = T(k)- 273.15
or  T(K) = t(°C) + 273.15

The thermometer bulb having small heat capacity
will absorb less heat from the body whose
temperature is to be measured. Hence, the
temperature of that body will practically remain
unchanged.

4,

The area of the faces will increased by 0.02% and
the volume by 0.03%.

5.

Let 6 be the same numerical value of temperature
on the both scales.

T T--32

5 9
0 0-32
5 9
96 = 56 - 160
-40 = 160
&0 =- 40°
0 =-40°C =

[+6°C = 6°F = 0, given]

-40°F

The coefficient of increase of pressure (or

1
volume) of a gas is °C-L. Itis very large as
) g 273.15 ylarg

compared to coefficient of expansion of mercury.
Therefore, for a certain increase in temperature,
increase in volume of the gas will be large
compared to that of mercury and hence a gas
thermometer is more sensitive.

Here, t; = 27°C,l; = 1m = 100cm,
t, = 45°C , 1, = 63cm,
a = 1.20 x 1075°C™?
Length of the rod on the hot day is
L =041+ a(t;- )]
= 100[1 + 1.20 x 10-5(45- 27)] =
100.0216 cm
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As the steel tape has been calibrated for a
temperature of 45°C, can be calculated as
_ (100.0216

100
So, length of the steel rod at 27°C = 63 cm.

And length of rod at 45°C = 63.0136¢cm.

)63 = 63.0136cm

(i) As thermal expansion of isotropic solids is
similar to true photographic enlargement, the
expansion of a cavity is same as if it were a solid
body of the same material i.e. AV = yV AT. As
here V, y and AT are same for both solid and
hollow spheres, so the expansions of both will be

equal.
(i) If same amount of heat is given to the two
spheres, then due to lesser mass, rise in

temperature of hollow sphere will be more (as
AT = M%) and hence the expansion will be more

as
AV = yV AT.

The coefficient of linear expansion of copper is
more than steel. On heating, the expansion in
copper strip is more than the steel strip. The
bimetallic strip will bend with steel strip on inner
(concave) side.

10.

For neon Triple point T = 24.57 K
~Te = T(K)- 27315
=24.57 - 273.15 =- 248.58°C

9 9

Tr= cTc+32 = C X (- 248.58) + 32

= - 415.44°F
For carbon dioxide Triple point, T = 216.55 K
~Te = T(K)- 273.15
= 216.55- 273.15 =-56.6°C

=-69.88°C

11.

As radius of ball, p = 9.0cm = 0.090 m at

0°C, hence its volume,
4 . 4 3
A =§7rr0 =— X 3.14 x (0.090)

= 3.05 X 1073 m3
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Againas,a = 1.2 x 1075 K1,
y =3a =3 x 12 x 107°> = 3.6 x
1075 Kt
Moreover rise in temperature
AT = 90°C- 0°C = 90°C = 90K
~ Increase in volume, AV = VyAT
= 3.05 x 1073 x 3.6 x 107> x 90
= 9.88 x 107°m3 = 9.88cm?3
12.
As the brass scale of a barometer gives correct
reading at T; = 0°C, hence at temperature
T, = 27°C, the scale will expand and will not
give correct reading.
In such a case, true value
= observed scale reading x (1 + aAT)
-~ True pressure
= 75.00cm x (1
+ 2.0 x 1075 x (27 - 0)]
=75x (1 +2.0x 10° x 27)
= 75.00 (1 + 54 x 10~%)cm
= 75.04cm
13.
For brass rod.
|l = 50cm,t; = 40°C,t, = 250°C
a =20 x 107°°C™?!
Change in length of brass rod is
Al = al(t, - ty)
= 2.0 x 1075 x 50 x (250 - 40) =
0.21cm
For steel rod,
| = 50 cm,t;,= 40°C,t, = 250°C,
a =12 x 1075°Cc!
Change in length of steel rod is
Al' = al(t, - t1)
= 1.2 X 107> x 50 x (250 - 40) =
0.13cm
Change in length of the combined rod at 250°C
= Al + Al'= 021 +0.13 = 034 cm
As the rods expand freely, so no thermal stress is
developed at the junction.

14.
Consider a solid in the form of a rectangular
parallelopiped of sides a, b and c respectively so
that its volume V = abc.
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If the solid is heated so that its temperature rises

by AT, then increase in its sides will be

Aa = aaAT,Ab = baAT and Ac = caAT

or a'=a+ Aa = a(1 + aAT)

b'=b + Ab = b(1 + aAT)

and ¢’ = ¢ + Ac = ¢c(1 + a AT)

~ New volume, V' = V + AV = a'b'c’

= abc (1 + aAT)3

~ Increase in volume,

AV = V'-V = [abc (1 + aAT)3 - abc]
-~ Coefficient of volume expansion,
AV abc(l+a-AT) —abc
VAT abc- AT
(L+a-AT) -1
AT
(1+3a-AT +30° -AT? +2° - AT®) -1
AT

= 3a + 3a?AT + a3 AT?
However, as a has an extremely small value for
solids, hence terms containing higher powers of
a may be neglected. Therefore, we obtain the
relationy = 3a
i.e. coefficient of volume expansion of a solid is
three times of its coefficient of linear expansion.

15.
The statement is true. A black body absorbs
radiations of all wavelengths. When heated to a
suitable temperature, it emits radiations of all
wavelengths. Hence, a black body radiation is
white.

16.
According to the Principal of heat exchange, all
the objects (above OK) not only radiate
electromagnetic energy but also absorb at the
same rate from their surroundings. Thus, they do
not become colder.

17.
No, the process of transfer of heat by convection
is based on the fact that a liquid becomes lighter
on becoming hot and rise up. In condition of
weightlessness, this is not possible. So, transfer
of heat by convection is not possible in the earth
satellite.

18.

7/:

7/:
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An ice box is made of double wall and the space
in between the walls is filled with some non-
conducting material to provide heat insulation, so
that the loss of heat can be minimised.
19.

The two bodies may have different masses and
different materials i.e. they may have different
thermal capacities. In case the two bodies have
equal thermal capacities, they would settle at the

T, +T,

mean temperature o

20.
The safety pin is made of steel which is good
conductor of heat. So, the safety pin takes heat
from the paper under it and transfer it away to the
surroundings. The portion of the paper under the
safety pin remains comparatively colder than the
remaining part.

21.
Yes, water at 30°C can be converted into vapour
by reducing its pressure until it equals to the
vapour pressure of water at 30°C.

22.
The object at 300°C will cool faster than the
object at 100°C. This is in accordance with
Newton's law of cooling.
As we know, rate cooling of an object «
temperature between the object and its
surroundings.

23.
As both flasks have same height and capacity, the
area of the cylindrical wall will be less than that
of the square wall. Hence, the thermos flask of
circular cross-section will transmit less heat as
compared to the thermos flask of square cross-
section and it will be better.

24.
A monoatomic gas has three degrees of freedom,
while a diatomic gas possesses five degrees of
freedom.
Therefore, molar specific heat of a diatomic gas
(at constant volume).

f 5, 5 831

C,=—R==R==x— = 5calmol ' K71
2 2 2 4.2
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In the given table, all the gases are diatomic gases
and for all of them (except chlorine), the value of
Cy is about 5 cal mol™* K~1.
The slightly higher value of Cy for chlorine is due
to the fact that even at room temperature, a
chlorine gas molecule possesses the vibrational
mode of motion also.

25.
Let K; and K» be the coefficients of thermal
conductivity of the materials and t; and t; be the
times in which ice melts in the two vessels.
As the same quantity of ice melts in the two
vessels, the quantity of heat flowed into the
vessels must be same.

+ oo KAT-T)L _ KAM =Tt
X X

- KltZ = Kztz

K, t, 25min 5.9

K, t 10min

26.
The temperature of pockets formed by coals are
not appreciably different from the surface
temperature of glowing coals.
However, the pockets formed by coals act as
cavities. The radiations from these cavities are
black body radiations and so have maximum
intensity. Hence, the pockets appear brighter than
the glowing coals.

217.
It is done so to remove the harmful impure air and
to replace it by the cool fresh air. The air we
breadth out is warm and so it is lighter. It rises
upwards and can go out through the ventilator
provided near the roof.
The cold fresh air from outside enters the room
through the doors and windows. Thus, the
convection current is set up in the air.

28.
When a drop of water falls on a very hot iron, it
gets insulated from the iron by a layer of poor
conducting water vapour. As the heal is
conducted very slowly through this layer, it takes
quite long for the drop to evaporate. But if the
drop of water falls on iron which is not very hot,
then it comes in direct contact with iron and
evaporates immediately.
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29.

30.

31.

32.

The air between the two walls of the
Thermos-flask is evacuated. This prevents heat
loss due to conduction and convection.

The loss of heat due to radiation is minimised by
silvering the inside surface of the double wall. As
the loss of heat due to the three processes is
minimised and the tea remains hot for a long
time.

Let m; and m; be the masses of ice melted in
same time (t = 1min) in vessels A and B,
respectively.

Then, the amounts of heat flowed into the two
vessels will be

B KA(T, - T,)t B

Q - mL - ()
Q;M:mg ... (ii)

Where, L is latent heat of ice.
Dividing Eq. (i) by Eq. (ii), we get,
K, _m_ _100g _2_2

K, m, 150g 3

(i) As surface area increases on pouring hot tea in
saucer from the cup and the rate of loss of heat is
directly proportional to surface area of the
radiating surface, so the tea will cool faster in the
saucer.

(i) Temperature of a hot liquid falls
exponentially in accordance with Newton’s law
of cooling. In other words, rate of cooling is
directly proportional to the temperature
difference between hot liquid and the
surroundings. It is due to this reason that a hot
liquid cools rapidly in the beginning but slowly
afterwards.

(iii) When outer surface of container is
blackened, the surface becomes good emitter of
heat and so the hot liquid in it cools faster.

Mass of copper block,
M = 25kg = 25 x 103 g
Specific heat of copper,c = 0.39] g=t°C™!

33.

34.

Thermal Prop. of Matter

Fall in temperature, AT = 500- 0 = 500°C
Heat lost by copper block = mc AT
= 2.5 x 10® x 0.39 x 500]
Let mass of ice melted = M gram
Heat of fusion of ice, L = 335 g7t
Heat gained by ice = ML = M X 335]
-+ Heat gained = Heat lost
&M x 335 = 2.5 x 103 x 0.39 x 500
2.5x10° x0.39x 500
335
= 1455.2g = 1455 kg

or M=

It is given that conductivities K; and K are in
series, so rate of flow of heat energy is same. But
the sum of the difference in temperature is the
difference across their free ends.

(0 0

(61-0)+(0-62) =(61-62)

0l 0L _0ith)
thkiAd | thpA € kegA
| I I, +1
214 2 _ 12
Kl KZ Keq

L+l

N
1y 2
Kl KZ

Mass of child, M =30 kg =30 x 10 g

Fall in temperature, AT =101 — 98 = 3°F = 3 X
5.5,
9 3
Specific heat of human body,

¢ = specific heat of water = 1 cal g=* °C*

Heat lost by child in the form of evaporation of
sweat,

C

Q=MCAT:30><103><1X§

= 50000 cal

If M' gram of sweat evaporates from the body of
the child, then heat gained by sweat
Q=M'L=M"x 580 cal

calg]

*» Heat gained = Heat lost

[+ L = 580

[Explore more at www.physicsfactor.com
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35.

36.

M’ X 580 = 50000 — M’ :M -86.2¢ h_eat by heat by electromagnetic
580 direct the waves.
Time taken by sweat to evaporate = 20 min physical motion of
) 86.2 contact. a fluid
- Rate of evaporation of sweat = o0 43lg 2. | Itisdueto | Itisdue | Itoccurs from
min-! temperature | to all bodies at
difference. | difference | temperatures
(i) A body with large reflectivity is a poor Heat flows | in density. | above 0 K.
absorber of heat. According to Kirchhoff’s law, a from high | Heat
poor absorber of heat is a poor emitter. Hence, a temperature | flows
body with large reflectivity is a poor emitter. regionto | from low
(ii) Brass is a good conductor of heat. When a low density
brass tumbler is touched, heat quickly flows from temperature | region to
human body to tumble. Consequently, the region. high
tumbler appears colder. Wood is a bad conductor. density
So, heat does not flow from the human body to region.
the tray in this case. Thus, it appears 3. | Itoccursin | It occurs It can take
comparatively hotter. solids in fluids place at large
(iii) Let T be the temperature of the hot iron in through by actual | distances and
the furnace. Heat radiated per second per unit molecular | flow of does not heat
area, collisions, matter. the intervening
E = oT4 without medium.
When the body is place in the open at temperature actual flow
To, the heat radiated/second/unit area, of matter.
E = o(T*-TH 4. | Itisaslow | Itisalsoa | It propagates at
Clearly, E' < E. So, the optical pyrometer gives process. slow the speed of
too low a value for the temperature in the open. process. light.
(iv) Heat radiated out by the earth is reflected 5. | Itdoesnot | Itdoes It obeys the
back by the atmosphere. In the absence of obey the notobey | laws of
atmosphere, at night all heat would escape from laws of the laws | reflection and
the earth's surface and thereby the earth's surface reflection | of refraction.
would be inhospitably cold. Also, atmosphere and reflection
helps in maintaining the temperature through refraction. | and
convection current. refraction.

(v) Though steam and boiling water are at the
same temperature but each unit mass of steam
contains a larger amount of additional heat called
the latent heat. e.g. each gram of steam has
540 cal of more heat than each gram of boiling
water. Hence, steam loses more heat than boiling

Solutions: Beginner Test - 11

Te =Tg —273.15 ... (i)
Celsius and Fahrenheit scales are related as:

Kelvin and Celsius scales are related as:

water. 9 _
TF = ETC +32.. (1)
Conductio | Convecti Radiation For neon:
n on Ty =24.57K
1. | Itisthe It is the It is the transfer ~ Te = 24.57 — 273.15 = —248.58°C
transfer of | transfer of | of heat by T. =2
F
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5

9 9
Tc +32 = (-24858) +3
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= 415.44°F

For carbon dioxide:

Ty = 216.55K
&~ Te = 216.55 - 273.15 =-56.60°C
9 9

T = ETC +32= g(—56.60) + 32

= —69.88°F

Triple point of water on absolute scale A,
T, = 2004
Triple point of water on absolute scale B,
T, = 350B
Triple point of water on Kelvin scale,
TK = 273.15K
The temperature 273.15 K on Kelvin scale is
equivalent to 200 A on absolute scale A.
T, =Tk
2004 = 273.15K

_273.15

T 200
The temperature 273.15 K on Kelvin scale is
equivalent to 350 B on absolute scale B
T, =Tk
350 B = 273.15
_ 27315
T 350
T, is triple point of water on scale A.

Tg is triple point of water on scale B.

273.15 . 273.15T
X =
200 A7 350 B
_ zooT
47350 B

Therefore, the ratio T, :Tg isgivenas 4 : 7.

It is given that:

R=Ry [l +a(T=Tp)]... (i)

Where,

Ryand T, are the initial resistance and
temperature

respectively R and T are the final resistance and
temperature respectively o is a constant

At the triple point of water, T, = 273.15K
Resistance of lead, Ry = 101.6 Q

At normal melting point of lead, T = 600.5 K
Resistance of lead, R = 165.5 2

Substituting these values in equation (i), we get:
R =Ry[1+ a(T —Tp)]

165.5 = 101.6[1 + a(600.5 — 273.15)]
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165.5 = 101.6[1 + a(327.35)]
0.629

~ 32735
For resistance, Ry = 123.4 0

Ry = Ro[1 + a(T —Ty)]

Where, T is the temperature when the resistance
of lead is 123.4 2

123.4 = 101.6[1 + 1.92 x 1073(T — 273.15)]
1.214 =1+ 1.92 x 1073(T — 273.15)

22 T 27315 T =38461K
1.92x10

. a =192 x1073K1

The triple point of water has a unique value of

273.16 K. At particular values of volume and
pressure, the triple point of water is always
273.16 K. The melting point of ice and boiling
point of water do not have particular values
because these points depend on pressure and
temperature.
The absolute zero or 0 K is the other fixed point
on the Kelvin absolute scale.
The temperature 273.16 K is the triple point of
water. It is not the melting point of ice. The
temperature 0°C on Celsius scale is the melting
point of ice. Its corresponding value on Kelvin
scale is 273.15 K.
Hence, absolute temperature (Kelvin scale) T, is
related to temperature t., on Celsius scale as:
t,=T - 273.15
Let Tr be the temperature on Fahrenheit scale
and Tybe the temperature on absolute scale. Both
the temperatures can be related as:
Tp —32 Tx—273.15

g0~ 100 O
Let TTx, be the temperature on Fahrenheit scale
and Ty be the temperature on absolute scale.
Both the temperatures can be related as:
Tpy — 32 Ty — 27315

180 100 @
It is given that:
Ty1-Tx = 1K
Subtracting equation (i) from equation (ii), we
get:
TFl_TF_TKl_TI(_ 1

180 100 100

1x180 9

T =Tr =00 =53
Triple point of water = 273.16 K
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~Triple point of water on absolute scale

9
= 273.16 X T = 491.69

Triple point of water, T = 273.16 K.

At this temperature, pressure in thermometer A,
P, =1.250 x 10> Pa

At this temperature, pressure in thermometer A,
P, =1.797 x 10° Pa

According to Charles’ law, we have the relation:
Py P

T T,
P, T  1.797 x 10° x 273.16
1T T 1.250 x 105
= 392.69 K

Therefore, the absolute temperature of the normal
melting point of sulphur as read by thermometer
Ais392.69 K.

At triple point 273.16 K, the pressure in
thermometer B, Pz = 0.200 x 10°Pa

At temperature T, the pressure in thermometer
B, P,=0.287 x 10° Pa

According to Charles’ law, we can write the
relation:

Pg Py
T T,
0.200 x 10> 0.287 x 10°
27316 T,
0.287 x 10°

Therefore, the absolute temperature of the normal
melting point of sulphur as read by thermometer
B is 391.98 K.

The oxygen and hydrogen gas present in
thermometers A and B respectively are not
perfect ideal gases. Hence, there is a slight
difference between the readings of thermometers
A and B.

To reduce the discrepancy between the two
readings, the experiment should be carried under
low pressure conditions. At low pressure, these
gases behave as perfect ideal gases.

The given temperature, T = 27°C can be
written in Kelvin as:

27 + 273 = 300K

Outer diameter of the steel shaft at T,

[Explore more at www.physicsfactor.com

d; = 870cm
Diameter of the central hole in the wheel at T,
d, = 8.69cm

Coefficient of linear expansion of steel,

Agpee = 1.20 x 105K 1

After the shaft is cooled using ‘dry ice’, its
temperature becomes Tj.

The wheel will slip on the shaft, if the change in
diameter,

Ad = 8.69-8.70 =- 0.01cm
Temperature T;, can be calculated from the
relation:

Ad = dlasteel (T;-T)

=8.70 x 1.20 x 10~> (T; — 300)

(T, - 300) = —95.78

~ Ty = 20421 K

= 204.21 - 273.16

=-68.95°C

Therefore, the wheel will slip on the shaft when
the temperature of the shaft is —69°C.

Initial temperature, T; = 27.0°C

Diameter of the hole at Ty, d; = 4.24 cm

Final temperature,T, = 227°C

Diameter of the hole at ,T, = d,

Co-efficient of linear expansion of copper, a ¢, =
1.70 x 1075K 1,

For co-efficient of superficial expansion § and

change in temperature AT, we have the relation:

Change in Area(AA
g ( ):[),AT

Original area(A)
d3 __di
(T(T_T[T) _AA
4 A
T3
_AA dz —d?
A 4

d3
_2_ 1 = 20((T2 _Tl)
dl
2

2
(4.24)2
d? =17.98 x 1.0068 = 18.1

~dy, = 4.2544 cm

Change in diameter = d, — d,

= 4.2544 - 4.24 = 0.0144 cm

Hence, the diameter increases by 1.44 x 1072 cm

=2x1.7x1075(227 -27) +1
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Initial temperature, T, = 27°C
Length of the brass wire at T; is L=1.8m
Final temperature, T, = 39°C
Diameter of the wire, d=2.0mm=2x103m
Tension developed in the wire =F
Coefficient of linear expansion of brass =2.0x10"
5
Youngs modulus of brass, Y=0.91x10! Pa
Youngs modulus is given by the relation:
Y= Stress / Strain
yo A

AL/L
AL=FxL/(AXY)
Where,
F= Tension developed in the wire
A= Area of cross-section of the wire.
AL= Change in the length, given by the relation:
AL=aL(T,-T,)) - (ii)
Equating equations (i) and (ii), we get:

FL

z(d/ 2)*Y
F=alL(T,-T,)Yz(d/ 2)?
F=2x10"°x(-39 - 27)x3.14x0.91x10" x(2x107° / 2)*

F=-3.8x10>N

al(T,~T,) =

Initial temperature, T, = 40°C

Final temperature, T, = 250°C

Change in temperature, AT =T, —T; = 210°C
Length of the brass rod at T, [; =50 cm
Diameter of the brass rod at T;, d; = 3.0 mm
Length of the steel rod at T, [, =50 cm
Diameter of the steel rod at T,, d, =3.0 mm
Coefficient of linear expansion of brass, a; =
Coefficient of linear expansion of steel, a,= 1.2
x 1075k 1

For the expansion in the brass rod, we have:

Change in length(Al
g gth( 1)=a1AT

Original length(l,)
~ Al =50 X (2.1 X 107%) x 210 = 0.2205 cm
Al, =50 x (1.2 X 1075) x 210 = 0.126 cm
Total change in the lengths of brass and steel,

Al = Al; + Al
= 0.2205 + 0.126 = 0.346 cm

Thermal Prop. of Matter

Total change in the length of the combined rod =
0.346 cm
Since the rod expands freely from both ends, no
thermal stress is developed at the junction.
10.
Coefficient of volume expansion of glycerin, aV
=49 x 107°K1
Rise in temperature, AT = 30°C
Fractional change in its volume = AVV

This change is related with the change in
temperature as:

AV

7 - CZVAT

VTZ - VT1 = VTI‘ZVAT

— —— = —ayAT
Pr, Pr, Pry
Where, m = Mass of
Glycerine

pr, = Initial density at Ty
pr, = Final density at T,
Where,
P, — P, . . ,
———= = Fractional change in density
Pr,

Fractional change in density of glycerin =

49 x 107> x 30 = 1.47 x 1072
11.

Power of the drilling machine,

P=10kW = 10 x 103 W
Mass of the aluminum block,
m = 80kg =8 x 103 g

Time for which the machine is used,

t =25min =25 X 60 = 150s

Specific heat of aluminum,c=0.91J g71K1

Rise in the temperature of the block after

drilling

= 0T

Total energy of the drilling machine

= Pt= 10 x 103 x 150 = 1.5 x 10°J

It is given that only 50% of the power is useful.

Useful energy, AQ = % X 1.5 x 10® =
7.5 x 10°]
But AQ = mcAT

7.5 x 10°

= 8x10°x 001 103°C

[Explore more at www.physicsfactor.com
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12.

13.

Therefore, in 2.5 minutes of drilling, the rise in
the temperature of the block is 103°C.

Mass of the copper block,

m = 2.5kg = 2500 g

Rise in the temperature of the copper block,

A6 = 500°C

Specific heat of copper, C = 0.39] g~t°c™1

Heat of fusion of water, L =335 J g1

The maximum heat the copper block can lose,

Q = mCA0

= 2500 X 0.39 x 500 = 487500]

Let m, g be the amount of ice that melts when

the copper block is placed on the ice block.

The heat gained by the melted ice,Q = m,L
Q 487500

tMT T T 7335

Hence, the maximum amount of ice that can
melt is 1.45 kg.

= 145522 g

Mass of the metal, m = 0.20kg = 200 g

Initial temperature of the metal, T; = 150°C

Final temperature of the metal, T, = 40°C

Calorimeter has water equivalent of mass, m =

0.025kg = 25¢g

Volume of water, V = 150 cm3

Mass (M) of water at temperature T = 27°C:
150 x 1 = 150 g

Fall in the temperature of the metal:

AT =T, — T, = 150 — 40 = 110°C

. cw = 4.186L
Specific heat of water, g

°K

Specific heat of the metal = C

Heat lost by the metal, 8 = mCAT ... (i)

Rise in the temperature of the water and

calorimeter system:

AT’ =40-27=13°C

Heat gained by the water and calorimeter

system:

m,CwAT

= (M + m")Cw AT’ ... (ii)

Heat lost by the metal = Heat gained by the

water and colorimeter system

mCAT = (M + m’)Cw AT’

200 X € x 110 = (150 + 25) x 4.186 x 13
_ 175 X 4.186 X 13

— —1p-1
Tl0xz00 _ 043J97K

[Explore more at www.physicsfactor.com

If some heat is lost to the surroundings, then the
value of C will be smaller than the actual value.
14.
The gases listed in the given table are diatomic.
Besides the translational degree of freedom,
they have other degrees of freedom (modes of
motion).
Heat must be supplied to increase the
temperature of these gases. This increases the
average energy of all the modes of motion.
Hence, the molar specific heat of diatomic gases
is more than that of monatomic gases.
If only rotational mode of motion is considered,
then the molar specific heat of a diatomic

Gas = ER
2

=2x1.98 = 4.95 cal mol 'K
With the exception of chlorine, all the
observations in the given table agree with(gR)

This is because at room temperature, chlorine

also has vibrational modes of motion besides

rotational and translational modes of motion.
15.

The P-T phase diagram for CO, is shown in the

following figure.
P(ulm)‘

1

73.0 }
56.0 /

N

Liqui
Solid

C

1.0 Vapour

>

-78.5 -56.6 20 3LI T:(E‘)
(a)C is the triple point of the CO, phase
diagram. This means that at the temperature and
pressure corresponding to this point (i.e., at —
56.6°C and 5.11 atm), the solid, liquid, and
vaporous phases of CO, co-exist in
equilibrium.
(b)The fusion and boiling points of CO,
decrease with a decrease in pressure.
© The critical temperature and critical pressure
of CO, are 31.1°C and 73 atm respectively.
Even if it is compressed to a pressure greater
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16.

than 73 atm, CO, will not liquefy above the
critical temperature.

(d)It can be concluded from the P-T phase
diagram of CO, that: CO, is gaseous at —70°C,
under 1 atm pressure

CO0, is solid at —60°C, under 10 atm pressure
CO, is liquid at 15°C, under 56 atm pressure

No

It condenses to solid directly.

The fusion and boiling points are given by the
intersection point where this parallel line cuts
the fusion and vaporization curves.

It departs from ideal gas behavior as pressure
increases.

Explanation:

The P-T phase diagram for CO, is shown in the

following figure.
P (atm),

1

73.0 ’
56.0 /

b

Liqui
Solid

1.0 Vapour

>

-78.5 -56.6 20 3LI T:(Z‘)
(a)At 1 atm pressure and at —60°C, CO, lies to
the left of —56.6°C (triple point C). Hence, it lies
in the region of vaporous and solid phases.
Thus, C0O, condenses into the solid state
directly, without going through the liquid state.
(b) At 4 atm pressure, CO,, lies below 5.11 atm
(triple point C). Hence, it lies in the region of
vaporous and solid phases. Thus, it condenses
into the solid state directly, without passing
through the liquid state.
(c)When the temperature of a mass of solid CO,
(at 10 atm pressure and at —65°C) is increased, it
changes to the liquid phase and then to the
vapour phase. It forms a line parallel to the
temperature axis at 10 atm. The fusion and
boiling points are given by the intersection point
where this parallel line cuts the fusion and
vaporization curves.

17.

18.

Thermal Prop. of Matter

(d) If CO, is heated to 70°C and compressed
isothermally, then it will not exhibit any
transition to the liquid state. This is because
70°C is higher than the critical temperature of
CO,. It will remain in the vapour state, but will
depart from its ideal behavior as pressure
increases.

Initial temperature of the body of the child,

T, = 101°F

Final temperature of the body of the child,

T, = 98°F

Change in temperature, AT = [(101 —98) x

ke

Time taken to reduce the temperature, t = 20

min

Mass of the child, m = 30kg = 30 x 103 g

Specific heat of the human body = Specific heat
cal

=¢c=1000—

of water k9 o

Latent heat of evaporation of water,

L = 580 calg™
The heat lost by the child is given as:
AB = mcAT

5
=30 x 1000 x (101 — 98) X 5 = 50000 cal

Let m, be the mass of the water evaporated
from the child’s body in 20 min
Loss of heat through water is given by:

A =myL
A6 50000
~Average rate of extra evaporation caused by
the drug= %
_ 862 9
20 min’

Side of the given cubical ice box,

s =30cm = 03m

Thickness of the ice box,l = 5.0cm =
0.05m

Mass of ice kept in the ice box, m = 4 kg
Outside temperature, T = 45°C
Coefficient of thermal conductivity of
thermacole, K=0.01J s™Im~1k~1

13-TS10)

[Explore more at www.physicsfactor.com
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19.

20.

Heat of fusion of water, L = 335 x 103 J kg1,

Let
m be the total amount of ice that melts in 6 h.
The amount of heat lost by the food:
o KA(T —0)t
l

Where,
A = Surface area of the box = 6s2 = 6 x (0.3)?
=0.54m3

0.01 x 0.54 x (45) X 6 X 60
o= 0.05

= 104976 ]

But =m'L

am! =222 _ 1313 kg

L 335x103

Mass of ice left = 4 —0.313 = 3.687 kg
Hence, the amount of ice remaining after 6 h is
3.687 kg.

Base area of the boiler, A = 0.15 m?
Thickness of the boiler,l = 1.0cm = 0.01m
Boiling rate of water, R = 6.0~%ss, m =
min

6 kg
Time,t=1min=60s
Thermal conductivity of brass,
K =109Js tm~1k1
Heat of vaporization, L = 2256 x 103Jkg™!
The amount of heat flowing into water through
the brass base of the boiler is given by:

KA(T, — Ty)t
9 = # . (D)
Where,

T; = Temperature of the flame in contact with
the boiler

T, = Boiling point of water = 100°C

Heat required for boiling the water

0 =mL ... (ii)
Equating equations (i) and (ii), we get:
KA(T, — Tt
mL = —
mlLl
T1 - Tz = m

6Xx2256x103x0.01
=———=137.98°C
109%0.15X60

Therefore, the temperature of the part of the
flame in contact with the boiler is 237.98°C.

(a) A body with a large reflectivity is a poor
absorber of light radiations. A poor absorber

Thermal Prop. of Matter

will in turn be a poor emitter of radiations.
Hence, a body with a large reflectivity is a poor
emitter.

(b) Brass is a good conductor of heat. When one
touches a brass tumbler, heat is conducted from
the body to the brass tumbler easily. Hence, the
temperature of the body reduces to a lower
value and one feels cooler.

Wood is a poor conductor of heat. When one
touches a wooden tray, very little heat is
conducted from the body to the wooden tray.
Hence, there is only a negligible drop in the
temperature of the body and one does not feel
cool.

Wood is a poor conductor of heat. When one
touches a wooden tray, very little heat is
conducted from the body to the wooden tray.
Hence, there is only a negligible drop in the
temperature of the body and one does not feel
cool.

Thus, a brass tumbler feels colder than a
wooden tray on a chilly day.

© An optical pyrometer calibrated for an ideal
black body radiation gives too low a value for
temperature of a red-hot iron piece kept in the
open.

Black body radiation equation is given by:
E=0(T*-Tg)

Where,

E = Energy radiation

T = Temperature of optical

pyrometer T, = Temperature of open

space ¢ = Constant

Hence, an increase in the temperature of open
space reduces the radiation energy.

(d) When the same piece of iron is placed in a
furnace, the radiation energy, E=oc T*
Without its atmosphere, earth would be
inhospitably cold. In the absence of atmospheric
gases, no extra heat will be trapped. All the heat
would be radiated back from earth’s surface.

(e )A heating system based on the circulation of
steam is more efficient in warming a building
than that based on the circulation of hot water.

This is because steam contains surplus heat in
cal

the form of latent heat (540 7).

[Explore more at www.physicsfactor.com
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21.

According to Newton’s law of cooling, we have:
dT
—— =K =Ty
dT _
KT =Tg) Kdt ... (i)
Where,

Temperature of the body = T

Temperature of the surroundings = T, = 20°C
K is a constant

Temperature of the body falls from 80°C to
50°Cintime,t = 5min = 300s

Integrating equation (i), we get:
80 300

[——
K(T =T,
50 0
[loge (T — Tp)13) = —K[t]3°°
2.3026l 80 —20 200
Kk 091050 20"
2.3ozsl ) — 300
K 0d104 =
—2.3026

Wlogloz =K .. (11)

The temperature of the body falls from 60°C to
30°Cintime =t
Hence, we get:

2.3026 60 — 20 _

K 09103020
—2.3026
Tlogmé} = K ... (iii)

Equating equations (ii) and (iii), we get
2.3026 —2.3026

log104 = Wlogloz
~t=300x%2=600s=10min

Therefore, the time taken to cool the body from
60°C to 30°C is 10 minutes.

Solutions: Expert Test - |

(c) Due to change in temperature, the thermal
strain produced in a rod of length L is given by
A—L =aAT

L
AL =L a AT
Where | = original length of rod and o =
coefficient of liner expansion of solid rod

As the change in length(Al) of the given two rods

of copper and aluminium are independent of

[Explore more at www.physicsfactor.com
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temperature change, i.e. AT is same for both
copper and aluminium.

Lcu acu = Laiaa ()
Here, acy = 1.7 x 10° K1

an =22 x10°K?

and L¢, =88 cm

Substituting the given values in Eq. (i), we get

1.7x10°
L, = e LTA07XB8 ooy
Oy 2.2x10

(c) According to question,

Coefficient of linear expression of brass = o
Coefficient of linear expression of steel = a
Length of brass and steel rods are 11 and I»
respectively.

As given difference increase in length (1, —1)) is
same for all temperature.

So, I, =1/ =1, -1,

l, (1+ a,At) — 1, (1+ o At) =1, — |,

Lo, =la

(d) Since, heat required, Q = mcAT

=(g7rr3 -ijAT

[ m= Vsphere p]
Since, m, p, ¢ and T are constants.

3
Ql r1

Qocr?or ==

Qz P
f

3 3
_[(n_ 1.5r, :g
r, r, 8

Hence, correct option is (d).

(b) According to gquestion as conservation of

energy, energy gained by the ice during its fall
from height his given by

E =mgh

As given, only one quarter of its energy is
absorbed by the ice.

mL, x4
m—ghszf =h= X

So,
mg

_LfX4_3.4x105><4
g 10
m =136 km

=13.6 x 10* = 136000
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(b) Heat lost by Ist body = heat gained by lind
body. Body at 100°C temperature has greater
heat capacity than body at 0°C so final
temperature will be closer to 100°C. So, T, > 50°
C.

(b) In first conditions;

Given, the initial temperature of the cup of
coffee, T; = 90°C

The final temperature of the cup of coffee, Tr=
80°C

The time taken to drop the temperature 90°C to
80°Cis t.

The temperature of the surrounding, To = 20°C
Using the Newton's law of cooling,

T+T
Rate of cooling = ar _g|ith -7,
dt 2
Substituting the values in the above equation, we
get
90;80 _ K[QO;BO _20}

B _Kkes]= k==

t 13t

In second conditions;

The initial temperature of the cup of coffee, T, =
80°C

The final temperature of the cup of coffee, T; =

60°C.
Using the Newton's law of cooling,
T'+T/{
Rate of cooling = ar _ Kl —L-T,
dt 2

Substituting the values in the above equation, we
get
80-60 :i{60+80 _20}

t, 13t 2

20 2 13
== 2 [50] =t ==t
t, L -

(d) According to Wein's displacement law,

Thermal Prop. of Matter

2=2
=
1
e, Ao N (
i (i)

We know that,

Abluish < Ayellowish < Areddish
Hence, using Eq.(i), we have
Ta>Tc>Ts

(d) From Newton's law of cooling, the time taken

(t) by a body to cool from T, to T, when placed
in a medium of temperature T, can be calculated
from relation
T-T, 1(T+T,
L -T,

t K 2
When the object cool from 80°C to 70°C in 12
minutes, then from Newton's law of cooling,
80-70 _1(80+70 s

12 K 2
[ To=25°C]
5 1
—=-—50 .
6° K @
Similarly, when object cool from 70°C to 60°C
we get
70-60 _1(70+60 o5

t K 2

92140

t K

Divide Eq. (i) and (ii), we get
5 t 50

—_X— = —

6 10 40

t:§x12
4

... (i)

=15 minutes

(c) If area of cross-section of a surface is not

uniform or if the steady state condition is not
reached, the heat flow equation can be applied to
a thin layer of material perpendicular to direction
of heat flow.

The rate of heat flow by conduction for growth
of ice is given by,

[Explore more at www.physicsfactor.com
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49 _ KA(6,-6)
dat x
where, d6 = pAdxL, 6o =0and 6, = -0
Given, 60 =0°C, 6; =— 26°C
The rate of increase of thickness can be
calculated from Eq.
do KA(6?O —491)
dat x
pAdxL _ KA(6,-6,)
dt X
dx KA(6, - 6,)

dt P AXL

_K[0-(-26)] _ 26k
B XL - XL

10.
() According to Wien's law,

ﬂvoc1
T

max

I.e. Amax T = constant
where, Amax is the maximum wavelength of the
radiation emitted at temperature T.

/ImxlT1 = lmaszz

L _ //Lmaxz
T, A

or

. ()

Here, A, =4 and A, =§/10

Substituting the above values in Eq. (i), we get
3
L
T, 4
or i = E ... (i1)
T, 4
As we know that, from Stefan's law, the power
radiated by a body at temperature T is given as
P = oAeT*
ie. PocT
(*+ the quantity cAe is constant for a body)

4 4
AL _(h
I32 TZ4 T2
From Eq. (i), we get

ﬂ_(§j4_£
P, \4) 256

4" _3
4

Thermal Prop. of Matter

Given, P, =Pand P, =nP

h_P_81
P, nP 256
256
n=——
81

(@) In parallel arrangement of n rods Equivalent
thermal conductivity is given by

KA +KA + KA

T OA+A LA
If rods are of same area, then
K+ K+ K
- n
Now, in the question, it is not given that rods are
of same area. But we can judge that from given
diagram.
-~ Equivalent thermal conductivity of the system
of two rods

K +K,
eq 2

K

€q

K

(d) Radiated power of a black body,
P = cAT*
where, A = surface area of the body
T = temperature of the body
and o = Stefan's constant
When radius of the sphere is halved, new area,
P
4
-~ Power radiated,

=02 (2T) =16/ (0 AT?)
= 4P =4 x 450 = 1800 watts

(c) Given, temperature, T1 = 5760 K

Since, it is given that energy of radiation emitted
by the body at wavelength 250 nm in U, at
wavelength 500 nm is U, and that at 1000 nm is
Us.

- According to Wien's law, we get

AnT =D

where, b =Wien's constant = 2.88 x 10° nmk

,_ 2.88x10°nmK
" 5760K

[Explore more at www.physicsfactor.com
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Am =500 nm
* Am = wavelength corresponding to maximum
energy, so, Uz > Us.

14.
(b) According to Newton’s law of cooling,
AT = AToe™
3T-2T=@T-T)erx10 (i)
Again for next 10 minutes
T'-T =(2T)xe*® ... (ii)
From Egs. (i) and (ii), we get

12
T'-T =(2T)(e™®) =(2T (—j
(2r)(e) =(27)| 3
_T
2
T'=T+I=£
2 2

15.
(b) Equation of Wien’s displacement law is
given by AnT = constant

Solutions: Expert Test - 11

(@) Let L and L, be the lengths of the wire when
temperature is changed by AT°C.

AtT°C,

Leq = L]_ + L2

At T =A°C

L, =L+

o Lyg (14 @AT ) = L (1+ o4AT ) + L, (14 2,AT)
[ L'=L(1+aAT)]

(L + L) (14 AT ) =L, + L, + Loy AT + La, AT

o :a1L1+a2L2
LAl

(a) Change in length of the metal wire (Al) when
its temperature is changed by AT is given by

Al = laAT

Here, a = Coefficient of linear expansion

Here, Al = 0.02%, AT = 10°C

[Explore more at www.physicsfactor.com
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oo Al _ 0.02
IAT 100x10
a=2x10°
Volume coefficient of expansion,
y=3a = 6x107°

wpeM
Sp v

AV—Vx100=;/AT =(6x10°x10x100)

=6 x 1072

Volume increase by 0.06% therefore, density
decreases by 0.06%.

| (Bonus)

Load = Stress x Area

Mg = “2A

and A=rzr?= 7r(10‘3)2 —7x10°

La AT =E
AY
Fx0.2

or 02x10°x20=— - %
(nxlo*)xlo“

~F=20mN
amet 27 =628kg
9

(a) Change in length in both rods are same i.e.

Al = Al,
lo,AG, =1a,AB,
o _ AG, &zﬂ
a, A6, '
4_6-30

3 180-30

8=230°C

stress F/A
strain ~ A(Al /1)
Using, coefficient of linear expansion,
Al Al
o =— > — =
IAT |

(a) Young’s modulus Y =

aAT
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(c) As we know, Bulk modulus

V =V, (1+At)

VO

PP mtmat= o P
K yK  3aK

(c) Due to thermal exp., change in length
(Al)=la AT .. (i)

Normal stress

Young’s modulus (Y) = — -
Longitudinal strain

FIA Al F

:—:>_:_

Al/l I AY
A=l
AY

FI
Fromegn (i), — =1a AT
an (i) Ay

© Reading onany scale— LFP
UFP - LFP

= constant for all scales

340273 °Y —(-160)

373-273 -50-(-160)

67 _y+160
100 110
~Y=-863°Y

Volume capacity of beaker, Vo =500 cc
Vb = Vo + Vo Yoeaker AT

Thermal Prop. of Matter

When beaker is partially filled with Vi, volume of
mercury,

V)=V +V, 7 AT

Unfilled volume ( Vb— Vb)) =Vo—Vn

For the volume to remain constant at all temp

Ex of liquid = Exp of solid

VoZbeaker =Vm¥m

oV = Yol beaker

7m
-6
or, Vm=M:20cc.
1.5x10
10.

Volume, V = |bh

AV Al Ab Ah

\Y I b h

(y = coefficient of volume expansion)
y=5x%x10°+5x10°%+5x 10°
=60 x 10°¢/°C
=~ Value of C = 60.00

11.
() As the rods are identical, so they have same
length (1) and area of cross-section (A). They are
connected in series. So, heat current will be same
for all rods.

Heatcurrent:(gj :(ﬁj =(£J
At ) g At g At oo

(100-70)K,A B (70-20)K,A B (20-0)K,A
| - [ - |

K1(100 — 70) = K (70 — 20) = K3 (20 — 0)

K1(30) = K»(50) = K3(20)

K, K, K,

10 6 15

Ki:Kz:K3=10:6:15

Ki: K= 2:3.

12.
(a) According to question, one half of its kinetic
energy is converted into heat in the wood.

1mv2 X 1_ msAT
2 2

V2 210x 210

AT = =
4xs 4x4.2x0.3x1000

=87.5°C

13.
(a) Here ice melts due to water.
Let the amount of ice melts = Mice

[Explore more at www.physicsfactor.com
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14.

15.

16.

17.

18.

MuwSwAB = MiceLice
m,s, A0
mice = L
ice

~ 0.2x4200x 25
3.4x10°

=0.0617kg=61.7g

(@) Heat given by water = muCuw(Tmix — Tw)
=200 x 1 x (31-25)

Heat taken by steam = m Lsteam + M Co(Ts — Tmix)
=m x 540 + m(1) x (100 — 31)

=m x 540 + m(1) x (69)

From the principal of calorimeter,

Heat lost = Heat gained

~ (200)(31 - 25) = m x 540 + m(1)(69)

1200 = m(609)

m= 2.

Using the principal of calorimetry

Mice I—f + Mice (40 - O) Cw = Mstream Lv + Mstream
(100 — 40) C,

M(540) + M x 1 x (100 — 40) = 200 X 80 + 200
x 1 x40

600 M = 24000

M = 40g

(a) M;1Cice X (10) + ML = M,C,, (50)
or M; X 0.5) x 10 + M;L =M, x 1 x 50

0r9=£91+992j
10

(d) Effective thermal conductivity of system

19.

20.

21.

Thermal Prop. of Matter

7
)

KA +KA,
“TAEA

KyrR® + K, | 7(2R) - 7R |
7[(2R)2

K (7R*)+K,(37R*) K, +3K,
47R? 4

(d) Let m gram of ice is added.

From principal of calorimeter

Heat gained (be ice) = heat lost (by water)
~20x21xm+ (Mm-20) x 334=50 % 4.2 X
40

376 m = 8400 + 6680

m=40.1

(c) Heat loss = Heat gain = mSA®

SO, MaSAABA = MeSeADR

100 x Sa X (100 —90) =50 x Sg x (90 — 75)
ZSA = 1.585

S,= %SB

Now, 100 X Sa x (100 —8) =50 x Sg x (8 —50)

zx(%jx(loo_e):(a_so)

300-36=26-100

400 =50
6=80°C
(@)
Temp. of Temp. of
heat source heat reservoir
3 |[e—1m—y
10K 10K
( dQ j _ kAAT
dt I

[Explore more at www.physicsfactor.com
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22.

23.

24,

25.

1(dQ) kAT
Energy flux, =] —= |=——
gy A( dt j |

_ (0.1)£900) 50 Wit

(c) Let specific heat of unknown metal be ‘s’
According to principal of calorimetry, Heat lost
= Heat gain

M X SAB = MiSprass (AB1 )+ My Swater AO2

192 x S x (100 — 21.5) = 128 x 394 x (21.5 —
8.4)

+ 240 x 4200 x (21.5-8.4)

S =916 Jkgtk*?

AT,, 120 120x5
(a) =B ="—=""—
RAB §R 8R
5
L
AW
L/4 % R4 R R4 % L/4

120 0

—AW AW MM ——

A Rrn P Q R2 B

In steady state temperature difference between P
and Q,
120x5 3 R

x—R=—

AT,y =——
8R 5 8

PQ —

= 45°C

(d) According to principle of calorimetry,
Qgiven = Qused
0.2 X S x (150 —-40) =150 x 1 x (40 —27) + 25
X (40 - 27)
0.2xSx110=150 x 13 +25 x 13
Specific heat of aluminium
_13x25x7
0.2x110
=434 J/kg-°C

(d) According to principle of calorimetry,

Heat lost = Heat gain

100 x 0.1(T—-75) =100 x 0.1 x 45+ 170 x 1 X
45

10T — 750 = 450 + 7650 = 8100

T-75=810

T=885°C

26.

28.

Thermal Prop. of Matter

(b) As Pt = mCAT

So, P x 10 x 60 =mC 100 . ()
and P x 55 x 60 = mL

(ii)

Dividing equation (i) by (ii) we get

10 _Cx100

55 L

~ L =550 cal./g.

(c) Rate of heat flow is given by,

KA(6,-6,)

Q= |

Where, K = coefficient of thermal conductivity

I = length of rod and A = area of cross-section of
rod

100°C

Copper

T

Brass
0°C 0°C

If the junction temperature is T, then

QCopper = QBrass + QSteeI
0.95x4(100—T)

Steel

46
3 0.26><4><(T —O) N 0.12><4><(T —0)
- 13 12
200-2T=2T+T
T=40°C
S QCopper = M = 48 CallS

46

(c) In the given problem, fall in temperature of
sphere,

dT = (3To — 2To) = To

Temperature of surrounding, Tsur = To

Initial temperature of sphere, Tinitia = 3To
Specific heat of the material of the sphere varies
as,

¢ = T3 per unit mass (a = a constant)

Applying formula,

[Explore more at www.physicsfactor.com
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d_T: e (T4 _Tsﬁrr)
dt  McJ
TO O'47ZR2 4 4
lo_ OHR [ar (T
Ma 27T/
dt:ﬁ
o4rR* x80T,

Solving we get,
Time taken for the sphere to cool down
temperature 2Ty,

M o (lGJ
t=—-——In| —
167zR°o 3

29.
(d) When radius is decrease by AR,

47R*ARpL = 47T | R? ~(R-AR)’ |
PRPARL=T[R? —R? + 2RAR - AR’ |

PpR’ARL =T2RAR [AR is very small]

R 2T
pL
30.
(d) As the surrounding is identical, vessel is
identical time taken to cool both water and liquid

(from 30°C to 25°C) is same 2 minutes, therefore

)]
dt water_ dt liquid

(m,C, +W)AT (mC, +W)AT
t - t

(W = water equivalent of the vessel)

or, myCw = mC

or,

¢ MGy

= Specific heat of liquid,

_50x1
100

= 0.5 kcal/kg

31.
(b) From Newton’s Law of cooling,
T,-T, _K T+T, 1
t 2 °
Here, T1 =50°C, T, = 40°C
and To = 20°C, t = 600S = 5 minutes

50_40=K(50+40‘20j )

5Min 2

Let T be the temperature of sphere after next 5
minutes. Then

32.

33.

34.

M=|<(40+T—2oj .. (i)
5 2

Dividing egn. (ii) by (i), we get
40-T 40+T-40 T
10 50+40-40 50

40-T=T/5,200=6T ,T=33°C~. T=— =

33.3°C

(b) Rate of Heat loss = mS [Z—I] =ecAT*

_dT _eoxAxT* _ dT 1

—_—oC ——

—_— =
dt  poxVol.xS d  pS

)
dt ), ps S, 10° 4000

= X —
(de o S, 8x107" 2000
B

Cdt

5o E)

So, A cools down at faster rate.

() According to Newton’s law of cooling,

6-0,\_(6+0 ,
t 2 0

(60—50)2 K[60+50_25]
10 2
0
and, [_5o—ej - K(SOHQ -25) . (i)
10 2
Dividing eq. (i) by (ii),
10 60

(50-6) 6
0 = 42.85°C = 43°C

(b) By Newton’s law of cooling
6, -0, _ Kk 6, +0, _g
t 2 °

Where 6 is the temperature of surrounding.
Now, hot water cools from 60°C to 50°C in 10
minutes,

(60—50)2 K(60+50_‘90j
10 2

(i)

[Explore more at www.physicsfactor.com
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Again, it cools from 50°C to 42°C in next 10
minutes.

(50_42j=—K(50+42—90j
10 2

(ii)
Dividing equations (i) by (ii) we get
1 55-6, _10 55-¢6,
0.8 46-0, 8 46-6,
460 — 1060 = 440 — 86
200 =20 , 60 =10°C
35.
(¢) According to Newton’s law of cooling the
temperature goes on decreasing with time non-
linearly.

Solutions: Pro Test - |

At steady state, heat flow rate is same from P to
Qand from Q to S.

T
p M 2K Q K
10°C | T | ] 400°C
— 15 R iy S
ke
KA(400 — T) 2KA(T — 10)
= = T = 140°C
¢ ?
The temperature gradient
dT_140—10 . dt= 1304
dx 1 R X

Therefore, change temperature at a cross-section
M distant ‘x’ from P is

AT = 130x

Extension in a small elemental length ‘dx’ is

dl = dxa AT = dx o (130x)
1

jdl = 130ajxdx

0

1
~Al=130%x1.2%x1075% x 5= 78 x 1075

2.
mcAT VpcAT
Pheater = Pcooler = t ¢
0.12x1000X4.2x103x20
~(3000—- P =
( cooler) 3%60X60

~ Peooler = 2067W

3.

[Explore more at www.physicsfactor.com
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(a) Let T be the final steady state temperature of
the black body.

In steady state.

Energy lost = Energy gained

o(T* —Ty) X 4mR? = I(nR?)

~ 5.7 % 1078[T* — (300)*] x 4 = 912
~T=330K

(a) Equivalent thermal resistance in configuration-
I

L L 2 L
B =Rt R =g ¥ oka = 3%
Equivalent thermal resistance in configuration-11
i.e., Thermal resistance in configuration-Il, R is
4.5 times less than thermal resistance in
configuration-I Rs

t, 9
-'-4.5tp:ts=>tp :E:?SZZS

(9) According to stefan’s law,P < T*or P =
P,T*

~log, P =log, Py +log, T* - logzpi0 =
4log,T

ALT = 487°C = 760K, log, 7 = 4log;760 =

1...(30)
AtT = 2767°C = 3040K,

log, p£ = 4log,3040 = 4log, (760 x 4)
0

= 4[log,760 + log,22] = 4log,760 + 8 =1 +
8=9

(2) From (i) Stefan- Boltzmann law, P =

oAT* and (ii) Wein's displacement law =
A X T = constant
Pa  AuTY Ay A%

= —_—X_
Py ApTg Ag A2
1 1
A A, Pg1® [R? PR]*
_.,_A:[_AX_B] _ %A B

1
[400 X 400]Z
10
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(270°C) Let C be the specific heat capacity of
liquid and L be the latent heat of vaporization.
From principal of calorimetry,

Heat = Loss

meSe AT = mC AT + mL

Or

meSe (110 — 80) = 5C (80 — 30) +

5L .o (D)

Where, m, = mass of calorimeter

Sc = specific heat of calorimeter

Again, when 80g liquid is poured and equilibrium
temperature is 50°C

meSc (80 — 50) = 80C (50 — 30) ... ....... (ii)
From eq. (i) & (ii)

1600 C = 250C + 5L

JL_1s0_
no=——=
(4.00)

Rate of the heat flow will be same,

Rate of the heat flow

~(T, = T1)

Where R = KL—A

300 — 200 200 — 100
R, R

Ly L, K A, m(2r)?

KA, Kd, K, A, w2 4

[+ Ly =L, = L]

dQ _ temp. difference __

dt thermal resistance

or R1 = RZ

(d) Power,

P= C;—f= %(mc)T = (H)Z—:
- +)

P = (H)T,
3
pt = :
=2 where H = heat capacity

~ (H) = ()

.. (ii)
From eq. (i) & (ii),

[Explore more at www.physicsfactor.com
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4P [1() - T,
H) =75 prg
L AP[T(0) — T

BTy

10.

(x

(8.33)
Rate of loss of heat,
dQ

Aa edA(T* — Ty) . (i

dQ .
= A_dt = eaA( Ty — AT)

AT
=0Ty [(1 +—)4 - 1]
To

. AT
= egT{ [(1 + 4?) —~ 1]
0

dQ

Adt

= geT§ - 4AT
Now from eq. (i)

... (ii)

T
ms = — = geA(T* — Ty) [~ Q = msAT]

dt
dT oeA
= —=—
dt ms

oeA 4
=—Ty X
ms

[(To + AT®)] - Tg

@ﬁ%)‘*_l]

T - 4AT

dT o©eA

dt

dT = KAT;
dt ’

40eAT3

Constant for Newton's law of cooling)

K
= 40eAT§ = x (ms)

From eq. (i)
dQ 3
A_dt = eO'TO 4AT

Since, rate of loss of heat = heat received per
second

700 = (g) (ms)AT

[K X ms = 4200 x 1073°]
700 x A 700 x5 x 1072

AT = =
= K xms _ 10-3 x 4200
50 25

6 3

AT = 8.33

11.

(c) Energy radiated by the body = cA(T* — Tt

13-T821
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[For a black body e = 1]
= gA[(Ty — 10)* — Tt

4 [40
= 0AT, [?0] Xt
40
=460 x 1 x%x 1=61.33]
_ Energy radiated

time
= gAT* — AT
dp
o || = cA4TS
|dT0 cA(4Ty)
~ |dp| = o (4T$)dT,
~ |AP| = 40AT§

Here as human body is not a black body. So,
option (a) and (b) are incorrect.

Energy radiated « A where A is the surface area
of the body. Hence option (c) is correct.

[Explore more at www.physicsfactor.com
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Chapter Summary

Zeroth Law of Thermodynamics

If systems A and B are each in thermal equilibrium
with a third system C, then A and B are in thermal
equilibrium with each other.

Heat (AQ): It is the energy that is transferred
between a system and its environment because of the
temperature

difference between them.

If AQ >0, This means heat is given to the system

If AQ <0, This means heat is taken out from the
system

At constant pressure (AQ), =nC,AT

At constant volume (AQ), =nC, AT

Internal energy (U): Internal energy of a system is
the energy possessed by the system due to molecular
motion and molecular configuration.
U= i nRT
2
Change in internal energy (AU)
AU = %nRAT

Change in internal energy does not depend on the
path of the process. So, it is called a point function
i.e. it depends only on the initial and final states of
the system,

ie. AU =U, U,

Work (AW) Suppose a gas is confined in a cylinder
that has a movable piston at one end. If P be the
pressure of the gas in the cylinder, then force exerted
by the gas on the piston of the cylinder F = PA (A =
Area of cross-section of piston)

Total amount of work done

Vi
W= "Pdv =P, -V)

If we draw P-V diagram, the area bounded by PV-
graph and volume axis represents the work done

Work = Area under the graph
If AV >0, This means gas is expanded, AW = positive

If AV <0, This means gas is compressed, AW =
negative

First Law of Thermodynamics
According to it heat given to a system (AQ) is equal
to the sum of increase in its internal energy (AU)
and the
work done (AW) by the system against the
surroundings.

AQ =AU + AW
Isobaric Process
When a thermodynamic system undergoes a physical
change in such a way that its pressure remains
constant, then the change is known as isobaric
process.

P = constant
In this process V and T changes but P remains
constant. Hence Charle’s law is obeyed in this
process.

vV, V
Hence, Voo T= 2=-2
Tl TZ
PV Graph
P P
1 —2 .
Slope=£=0 Slopeﬂﬂ)
dV v dV Vv

(A) Expansion (B) Compression

Work done in isobaric process
AW =[PV =P[ "V =PV, ~V/]
v, v, f i

[As P = constant]
= AW =P(V; -V;) = uR[T; —T;]= uRAT

Isochoric Process
When a thermodynamic process undergoes a
physical change in such a way that its volume
remains constant, then the change is known as
isochoric process.

V = constant
In this process P and T changes but V = constant.
Hence Gay-Lussac’s law is obeyed in this process

PcT= E=&:constant
Tl T2

PV Graph
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Work done in isochoric process
AW =PAV =PV, -V,]=0

Isothermal Process
When a thermodynamic system undergoes a physical
change in such a way that its temperature remains
constant, then the change is known as isothermal
changes.

T = constant
In this process, P and V changes but T = constant and
Boyle’s law is obeyed

PV= constant = P1V1 = P.V,
PV Graph

P
&H<TZ< T3

T3

T
T

v
Work done in isothermal process

« NRT

W =jvv PdV =ij 5V

[As PV = nRT]

W =nRT log, (g} =2.303nRT log,, (gj

f f

Adiabatic Process
When a thermodynamic system undergoes a change
in such a way that no exchange of heat takes place
between System and surroundings, the process is
known as adiabatic process.

AQ=0

PV’” =Constant

where y = % =Adiabatic constant

\
2
= y=1+—
A

where, f is the degree of freedom

For temperature and volume
TV'-1=constant = TV, " =T,V,)" or T oc V7
For temperature and pressure

T7 -t
B - const- = TR =T/R7orT P’

e
or PocT77
PV Graph

(i) Curve obtained on PV graph are called adiabatic
curve.

Explore more at www.ph

(ii) Slope of adiabatic curve

y-1
Slope:d—Pz— PV =—7/(Ej

/4
dv V7 \
Yo
24 1 Adiabat: Q=0
(] \
§ Isotherm—1190K
a
\4
¢ ®
1 |} Q. 'sotherm-839K

Volume

Work done in adiabatic process
w= [ Pav vavif\%dv =
_ [RV, - PV(] _ HR(T -T,)
e )
Cyclic and Non-Cyclic Process

A cyclic process consists of a series of changes
which return the system back to its initial state.

In non-cyclic process the series of changes involved
do not return the system back to its initial state.

In case of cyclic process as U, =U,

AU =U, -U, =0

Change in internal energy for cyclic process is zero
and also AU oc AT = AT =0

i.e. temperature of system remains constant.

If the cycle is clockwise work done is positive and if
the cycle is anticlockwise work done is negative.

P P
A B A b
Positive work Negative
work
D C B c
v v
(A) (B)

Second Law of Thermodynamics

1. Kelvin’s statement: No one can design an engine
which takes heat and converts entire heat into useful
work.

Heat Engine is based on this statement.

2. Clausius statement: We cannot withdraw heat
from a colder body to a hotter body without doing
external work.

In other words,From Clausius statement it is clear
that heat cannot flow from a body at low temperature
to one at higher temperature unless work is done by
an external agent.
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Heat Pump is based on this statement.

Working of Heat Engine

Heat engine is a device which converts heat into
work continuously through a cyclic process.

1. Source: It is a reservoir of heat at high
temperature and infinite thermal capacity. Any
amount of heat can be extracted from it.

2. Working substance: Steam, petrol etc.

3. Sink: It is a reservoir of heat at low temperature
and infinite thermal capacity. Any amount of heat
can be given to the sink.

Source (T)

Jhap

Sink (T2)

w=Q-Q

Efficiency of heat engine
_ Work done W _Q-Q T-T,

T Heatinput Q. Q T,
Also, 77:1—%=1—T—2
Ql Tl

Working of a Heat Pump or Refrigerator
A refrigerator or heat pump is basically a heat engine
run in reverse direction.

1. Source: At higher temperature T.
2. Working substance: It is called refrigerant liquid
ammonia and freon works as a working substance.

3. Sink: At lower temperature To.

Sink

(T2)

I
V]ia

L = W=i-Q

[| [Q1
Source

(T1)

Coef. of Performance

Heatextracted Q, Q, T,

Workdone W Q-Q, T,-T,
Relation between coefficient of performance and
efficiency of refrigerator

Q  _ QIQ
Ql_Qz 1_Q2/Q1

B=

We know S =

. ()

Q or %:1_77

But the efficiency n=1-
Q Q

.(i)
From (i) and (ii) we get, #=—_"
n

Carnot Cycle

As the engine works, the working substance of the
engine undergoes a cycle known as Carnot cycle
cycle.

P

AP, Kothery &

Adiabatic

bglps, T
Vv

E F G H

(i) First stroke (Isothermal expansion) (curve AB) :
The cylinder containing ideal gas as working
substance allowed to expand slowly at this constant
temperature Ti.

Work done = Heat absorbed by the system

v, V.
W,=Q, = jvl PdV =RT, log, (V—ZJ = Area ABGE
1
(ii) Second stroke (Adiabatic expansion) (curve BC)
The cylinder is then placed on the non-conducting
stand and the gas is allowed to expand adiabatically
till the temperature falls from T to T..

Ll)ﬂ'l —T,]=Area BCHG

w,=["Pav =
L (v

(iif) Third stroke (Isothermal compression) (curve

CD)

The cylinder is placed on the sink and the gas is

compressed at constant temperature T.

Work done = Heat released by the system

W, =Q, =—jvv3“ PdV =—RT, Ioge\\%

3

=RT, log, Vs Area CDFH

V4
(iv) Fourth stroke (adiabatic compression) (curve
DA): Finally the cylinder is again placed on non-
conducting stand and the compression is continued
so that gas returns to its initial stage.

Explore more at www.ph
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v R
W4=_J'V4 PdV =—7/—_1(T2—T1)

=l1(Tl —T,) =Area ADFE
7/_

Efficiency of Carnot cycle : The efficiency of
engine is defined as the ratio of work done to the heat

supplied
_ Workdone ~ W
7 Heat input Q,
T
—1--2
n T,
Beginner Ideal Gas Equation

1. The temperature of a gas at pressure P and
volume V is 27°C. Keeping its volume constant
if its temperature is raised to 927°C, then its
pressure will be

(@2P (b)3P
(c)4P (d)6P
Solution:

The answer is C.
The gas equation states that,
PV = nRT
So we can conclude that,
PxT
Hence,
Py T
P, T,
Given,
T, = 300K ,T, = 1200,P, = P
T,
=T
P x 1200

300
= P, = 4P is our required answer

2. 4 moles of an ideal gas is at 0°C. At constant

pressure it is heated to double its volume, then
its final temperature will be

3P2:

(a) 0°C (b) 273°C

(c) 546°C (d) 136.5°C
Solution:

The answer is B.

Given,

The amount of moles of gas isn =4

The pressure of the gas is P = constant

The initial temperature of the gas is T1 = 273K
The volume of the gas is doubled.

At constant pressure, using Charles law:

Explore more at www.ph

i 'V

T, T,

Substitute the values of volume and temperature,
v _ 2V

273 T,

T, =546 K = 273°C

3. A perfect gas at 27°C is heated at constant
pressure so as to triple its volume. The
temperature of the gas will be

(a) 81°C (b) 900°C
(c) 627°C (d) 450°C
Solution:
The answer is C.
Vi T V 273 + 27
VaTos—=—o_—-= g

vV, T, 3V T,
T, = 900K = 627°C

4. The density of a gas at normal pressure and
27°C temperature is 24. Keeping the pressure
constant, the density at 127°C will be

(@) 6 (b) 12

(c) 18 (d) 24
Solution:

The correct answer is C.

p1Ty = p2T>

24 x 300 = p, x 400

pz =18

5. The volume of a gas at 20°C is 200 ml. If the
temperature is reduced to — 20°C at constant
pressure, its volume will be
(@) 172.6 ml (b) 17.26 ml
(c) 192.7 ml (d) 19.27 ml

Solution:

The correct answer is A.
PV =nRT
As P is constant
VT
iy _ (T
)= (7)
Given
V, = 200 ml
T, =20C
T,=-20C
~ {200/V,} = {(273 + 20) /(273 — 20)}
= {200/V,} = {293/253}
“V,=172.6ml
6. If pressure of a gas contained in a closed vessel

is increased by 0.4% when heated by 1°C, the
initial temperature must be
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(a) 250 K (b) 250°C (c) Temperature becomes two times at
(c) 2500 K (d) 25°C constant pressure
Solution: (d) Temperature becomes half at constant
The correct answer is A pressure
Solution:

we know that —
1

= constant for constant volume. \/

The correct answer is A.

V12 + 12 +v32 + 1,2 + vs2
5

Let the initial pressure be P1and initial Vims =
temperature be Tj.
Thus final pressure P, = 1.004 P, and final \]22 +32 442 4 52 4+ 62

temperature T, =T +1 5
Using
Py P
T, T,
Or

— =+vV20=4.24

9. On 0°C pressure measured by barometer is

Ty +1=1.004T, 760 mm. What will be pressure on 100°C
Or (a) 760 mm (b) 730 mm

Py _ 1004P (c) 780 mm (d) None of these

Lo T+l Solution:

Or

The correct answer is B.
T, +1 =1.004T;

or C_ [l2My
0.004T; =1 Cy T1 M2
T, = 250K

7. To double the volume of a given mass of an ’ \/7
ideal gas at 27°C keeping the pressure 300 32

constant, one must raise the temperature in

degree centigrade to 2= 4 X (1= 4 x 19 =836 m/s

(a) 54° (b) 270° 10. At 100 K and 0.1 atmospheric pressure, the

(c) 327° (d) 600° volume of helium gas is 10 litres. If volume

Solution: and pressure are doubled, its temperature

The correct answer is C. will change to

Pressure is constant & PV = nRT (a) 400 K (b) 127 K

i.e V.= (nRT/P) (c) 200K (d) 25 K

VT Solution:

Volume is doubled i.eV, = 2V, The correct answer is A.

(Va/V1) = (To/Ty) V= nRT

2 = (TZ/TI) e PV«T

T, = 2T, Given P,V bot_h doubled as EV «xT, N

T, = 2(273 + 27) temperature will become 4 times of original

T, = 600 k hence Temperature will change to 4 x 100 =
400K

T, = 600 — 273 = 327°C

11. The number of molecules in a gas at pressure
1.64 x 1072 atmospheres and temperature 200
K having the volume 1 cc are
(@) 6.02 x 10 (b) 2.63 x 10%°
(c) 3.01 x 10*° (d) 12.04 x 10*°

8. Volume of gas become four times if
(a) Temperature become four times at
constant pressure
(b) Temperature become one fourth at
constant pressure

Explore more at www.ph
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Solution:
The correct answer is A.
No. of molecules per unit volume,

P
1=%r
_ 164x1073
"~ 1.38 x 10723 x 200K
= ﬂ x 1018 = 0.039 x 1018 = 6.02 x 101
2.76
Expert Ideal Gas Equation

1. The pressure P, volume V and temperature T
of a gas in the jar A and the other gas in the
jar B at pressure 2P, volume V/4 and
temperature 2T, then the ratio of the number
of molecules in the jar A and B will be

@1:1 (b)1:2
(2:1 (d)4:1
Solution:

The correct answer is D.
We have ideal gas equation pV = nRT

N
= (N—A> RT
Where, N = number of molecule, Na = Avogadro
number

v ))&

= (3) (78) (7) =3
~\2p/\v/a)\T) 1
2. The molecular weight of a gas is 44. The

volume occupied by 2.2 g of this gas at 0°C
and 2 atm. Pressure will be

(a) 0.56 litre (b) 1.2 litres

(c) 2.4 litres (d) 5.6 litres
Solution:

The correct answer is A.

PV = nRT

_nRT 2.2 273 x 8314

=—X
P 44 2 %105

1,273 1075 x 8.314
=—X—X X o.

207 2

273 x 8.314 x 107°
= 0 =56.74 x 1073

= 0.5674 x 1073m3 = 0.5674 lit

3. A balloon contains 1500 m?® of helium at 27°C
and 4 atmospheric pressure. The volume of
helium at —3°C temperature and 2
atmospheric pressure will be

(@) 1500 m® (b) 1700 m?
(c) 1900 m? (d) 2700 m®

Explore more at www.ph

The correct answer is D.

Here,

V, = 1500m3,T; = 27°C = 300K
P; = 4atm, T, = —3°C = 270K

P, = 2atm
According to ideal gas equation
PV, PRV,
T
_PV; T, 4x1500X%270
2= P, T T 300x2

= 2700m3
4.2 gm of O; gas is taken at 27°C and pressure
76 cm. Of Hg. Then find out volume of gas (in
litre)

(@) 1.53 (b) 2.44
(c) 3.08 (d) 44.2
Solution:
The correct answer is A.
PV = nRT
nRT 32—2>< 8.314 x (27 + 273)
= V = =
P 760
1000
=2.05L
Pro Ideal Gas Equation

1. Air is pumped into an automobile tube up to a
pressure of 200 kPa in the morning when the
air temperature is 22°C. During the day,
temperature rises to 42°C and the tube
expands by 2%.The pressure of the air in the
tube at this temperature, will be
approximately

(a) 212 kPa (b) 209 kPa
(c) 206 kPa (d) 200 kPa

The answer is B.
The ideal gas law is the equation of state of an
ideal gas. This state of an amount of gas is
determined by its pressure, volume and
temperature. The equation has the form PV =
nRT
Where p is pressure , V is volume, n is the
number of moles, R the gas constant and T is the
temperature.
PV, RV,

T, T,
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V, =V +0.02,T, =273 + 42 = 315K

200><V_P2><1.02V:>P _ 200 x 315
295 315 27295 x 1.02
P, = 209.37

. Two identical containers A and B with
frictionless pistons contain the same ideal gas
at the same temperature and the same volume
V. The mass of gas contained in A is ma and
that in B is mg . The gas in each cylinder is
now allowed to expand isothermally to the
same final volume 2V. The change in the
pressure in A and B are found to be AP and
1.5 AP respectively. Then
(@) 4ma =9mg (b) 2ma =3mg
(c) 3ma =2mg (d) 9ma =4mg

Solution:

The answer is C.
The initial pressure in the two containers will be

_ MaRT _ RT
ATy (MV)
_npRT _ RT
BTy (MV)
After isothermal expansion, pressure will be
_ muRT RT
T <2MV)
_ ngRT _ RT
b=y T (2MV)
RT
“ AP =Fo—Pa=my <2MV)
RT
“~APg =Py = Fg=myp <2MV)
But
AP, = AP and — APy = 1.5AP
So,
-AP, 1 —APg
—ap, 15 M T s
RT RT
(2MV> _(T)
Or
10mg
A= s
~3my =2mg

. A vessel of volume V =30 | contains ideal gas
at the temperature 0°C. After a portion of the
gas has been let out, the pressure in the vessel
decreased by A p =0.78 atm (the temperature
remaining constant). Find the mass of the
released gas. The gas density under the
normal conditions p =1.3 g/1.

Solution:

Explore more at www.ph

P, =latm
T=0°C
Finally:

PV =%RT0

apv =AM pT
m

AP Am oV AP
—=— = Am=
P m Po

. At normal conditions:
P =P

m— oV

. Two identical vessels are connected by a tube

with a valve letting the gas pass from one
vessel into the other if the pressure difference
Ap > 1.10 atm. Initially there was a vacuum in

one vessel while the other contained ideal gas
at a temperature t; =27°C and pressure p; =
1.00 atm. Then both vessels were heated to a
temperature t; =107°C. Up to what value will
the pressure in the first vessel (which had
vacuum initially) increase?

Solution:

T:

X

Conserving moles:

pv_pv (P+ap)v
Tl T2 T2

Lo (R 2T
T T,)2

5. A vessel of volume V = 20 | contains a mixture

of hydrogen and helium at a temperature t =
20°C and pressure p = 2.0 atm. The mass of
the mixture is equal to m = 5.0 g. Find the
ratio of the mass of hydrogen to that of helium
in the given mixture.

Solution:

Let hydrogen be n; moles.
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pv=(n,+n,)RT

nM; +n,M, =m

(m—pVsz
\ RT 7

Ml_MZ

(m—pVMJ
B RT

2 Mz - Ml
", mass ratio

ml _ nll\/ll
m, M,

n =

. A vessel contains a mixture of nitrogen (m; =
7.0 g) and carbon dioxide (m, = 11g) ata
temperature T =290 K and pressure po = 1.0
atm. Find the density of this mixture,
assuming the gases to be ideal.

Solution:

pv:[EL+ELJRT

1 MZ

5:m1+m2 __m+m, P

Voo (m om R
Ml MZ

7. A vessel of volume V = 7.5 | contains a mixture

of ideal gases at a temperature T = 300 K: v;
=0.10 mole of oxygen, v2 =0.20 mole of
nitrogen, and v; = 0.30 mole of carbon dioxide.
Assuming the gases to be ideal,

Find:

(a) The pressure of the mixture;

(b) The mean molar mass M of the given
mixture which enters its equation of state pV
=(m/M) RT, where m is the mass of the
mixture.

Solution:

net

B.n+n,+n,=

net
_ nM, +n,M, +n,M,
M

net
_ nM; +n,M, +n,M,
n +n,+n,

= Mnet

8. A vertical cylinder closed from both ends is
equipped with an easily moving piston
dividing the volume into two parts, each
containing one mole of air. In equilibrium at
To =300 K the volume of the upper partis

= 40 times greater than that of the lower part.
At what temperature will the ratio of these
volumes be equal to ' =3.0?

Solution:

T =
Piston is at rest in both cases
~mg=(p,—p)A

=(p; - pi)A

=nR L T =nR ll—ll
V2 Vl VZ Vl

:»To(ml)(l_l]

n

:T(n'+1)(1—$j

2_ ]
:T:(” 1}’7 T,

77|2_1 ;
Let total volume be V

nv

Vl
n+1

v
vV, > ——
n+1

o
n'+1

VZ% 1

n'+1
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9. A vessel of volume V is evacuated by means of
a piston air pump. One piston stroke captures
the volume A V. How many strokes are
needed to reduce the pressure in the vessel

times? The process is assumed to be
isothermal, and the gas ideal.
Solution:

C Av(removed)

1

—— ——

After 1t stroke:
PV =P, (V+AV)

PV
= p =—0
Py V+ AV

pV=p,(V+Av)

v 2
= P2= P V+ AV

v Y )
e 2] e

nn
m V+ Av
v
10. Find the pressure of air in a vessel being
evacuated as a function of evacuation time t.
The vessel volume is V, the initial pressure is
Po. The process is assumed to be isothermal,
and the evacuation rate equal to C and
independent of pressure.
Note: The evacuation rate is the gas volume
being evacuated per unit time, with that
volume being measured under the gas
pressure attained by that moment.
Solution:

=>N=

S

L 1L 1
v dvandt
(very small)

Explore more at www.ph

dv
> —=

dt
At any time t, let the pressure be P.
Betweentand t + dt:
pv=(p-+dp)(v+dv)

= pv = pv+ pCdt + vdp + Cdpdt

C

_,_Op_Cdt
p Vv
p t
= [®_ S
Po p VO
= p: poe—ct/v

11. A chamber of volume V =87 1 is evacuated
by a pump whose evacuation rate (see Note
to the foregoing problem) equals C = 10 1/s.
How soon will the pressure in the chamber
decrease by n = 1000 times?

Solution:
p — poe—ctlv
P e
1000~ '
@
— 1000 =e®

=t=60sec =1min

(In this realistic situation, we observe that
pressure drops quite quickly.)

12. A smooth vertical tube having two different
sections is open from both ends and equipped
with two pistons of different areas (Fig.).
Each piston slides within a respective tube
section. One mole of ideal gas is enclosed
between the pistons tied with a non-
stretchable thread. The cross-sectional area
of the upper piston isA S = 10 cm? greater
than that of the lower one. The combined
mass of the two pistons is equal to m = 5.0 kg.
The outside air pressure is po = 1.0 atm. By
how many kelvins must the gas between the
pistons be heated to shift the pistons through
I =5.0cm?
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Pr:u

'|.|' WA

Py

Solution:
When pistons are at rest, Fnet = 0:

~mg+(pP-p,)S,=(P-Py)S,
=mg =(p—p,)AS

=p=p +@
" As
Let initial vol =

Final vol =v+ Slﬂ—Szf =V +AS(

PV _ P.Vs,

T T

v p(v+Ast)

T T+AT

:>1+A_I_—T:1+ AS

AT = ASf(Ij _ASlp
\Y; nR

AS€ b +m
nR ™7 AS
13. Let us assume that air is under standard

conditions close to the Earth's surface.
Presuming that the temperature and the

molar mass of air are independent of height,

find the air pressure at the height 5.0 km
over the surface and in a mine at the depth
5.0 km below the surface.

Solution:
dp=-ogdh
Also, p= ORT

M

Dividing : p —Mg dh
RT
p h
= J‘@:_mj‘dh
5 P RT 5
~ Mgh
= p=pe
h =+km
p.. =0.5 atm
h =-5km
p-5=2atm

.. Pressure increases at faster rate below the
surface, than in drops above the surface.

14. A horizontal cylinder closed from one end is
rotated with a constant angular velocity o
about a vertical axis passing through the
open end of the cylinder. The outside air
pressure is equal to po, the temperature to T,
and the molar mass of air to M. Find the air
pressure as a function of the distance r from
the rotation axis. The molar mass is assumed
to be independent of r.

>

P+dP

a=oT

(- this end is open to atmosphere)
F=ma
~.(p+dp)A- pa=dmae’r

=dp.A= m.A.dr.a)zr
RT

j dp ma)z jrdr
Po 0

M w?r?

— p: poe 2RT

Beginner Thermodynamic Processes

1. Work done by air when it expands from 50
litres to 150 litres at a constant pressure of 2
atmosphere is
(@) 2 x 10* joules
(b) 2 x 100 joules

Explore more at www.ph
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(c) 2 x 10° x 100 joules
(d) 2 x 10° x 100 joules
Solution:
The answer is A.
W = PAV = 2 x (150 — 50)
= 2x100
= 200 litre atm
= 200 x 01.33/=2 x 10*J
2. Work done by 0.1 mole of a gas at 27°C to

double its volume at constant pressure is (R=2
cal mol= °C?)

(a) 54 cal (b) 600 cal

(c) 60 cal (d) 546 cal
Solution:

The answer is C.

T = 27°C

=27+ 273 =300
From ideal gas equation
w = —pdv
=-—pQR2v—-v)=—-p.v=>-nRT
= 0.1mol X 2cal mol=*K~1 x 300k
= 0.1 X2 x 300 =60 cal
3. Which of the following is correct in terms of

increasing work done for the same initial and
final state

(a) Adiabatic < Isothermal < Isobaric
(b) Isobaric < Adiabatic < Isothermal
(c) Adiabatic < Isobaric < Isothermal
(d) None of these

Solution:
The correct answer is A.
In thermodynamic process, work done is equal to
the area covered by the PV curve with volume
axis. Hence, according to graph shown

Wadiabatic < Wisothermal < Wisobaric
A
P

[sobaric

A 4

[sothermal

Adiabatic

V, V, \
4. In an isothermal reversible expansion, if the

volume of 96 gm of oxygen at 27°C is
increased from 70 litres to 140 litres, then the
work done by the gas will be

(a) 300 R logio 2 (b) 81 R logio 2

(c) 900 R logio 2 (d) 2.3 x 900R logio 2
The correct answer is D.

For the isothermal reversible process

V2
W = nRT log, —
Vi

(%) RT log, % =23
1

96 140
X ﬁ1!2(273 + 27) logyo =0
= 2.3 X 900R log, 2
5. A vessel containing 5 litres of agasat 0.8 m
pressure is connected to an evacuated vessel of
volume 3 litres. The resultant pressure inside
will be (assuming whole system to be isolated)

(@) 4/3m (b) 0.5m
(c)2.0m (d)3/4m
Solution:

The correct answer is B

From the ideal gas equation

PV, = P,V,

Given

V,=5L,P, =08m,P,=P,V,=5+3=8L
08X5=Px(3+5) =P =05m

6. When an ideal gas in a cylinder was
compressed isothermally by a piston, the work
done on the gas was found to be -1.5 x 10*
joules. During this process about
(a) 3.6 x 102 cal of heat flowed out from the
gas
(b) 3.6 x 10° cal of heat flowed into the gas
(c) 1.5 x 10* cal of heat flowed into the gas
(d) 1.5 x 10* cal of heat flowed out from the
gas

Solution:

The correct answer is A

In isothermal compression, there is always an
increases of heat which must flow out the gas.
AQ = AU + AW = AW (AU = 0)

Explore more at www.ph
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., —15x10°
= 80 = ~1.5 X 10Y) = ———cal
= —3.6 X 103cal

The —ve sign represents the heat is flowed out
from the gas.

. One mole of an ideal gas expands at a constant
temperature of 300 K from an initial volume
of 10 litres to a final volume of 20 litres. The
work done in expanding the gasis (R = 8.31
J/imole-K)

(a) 750 joules
(c) 1500 joules

(b) 1728 joules
(d) 3456 joules

Solution:

The correct answer is B.

Given

T = 300K

V7, =10L

V, = 20L

According to the isothermal process, work done
is given by

V2
Wiso = URT log, V.
1

20
=1 x8.31 x 300log, 0= 750]

. The volume of an ideal gas is 1 litre and its
pressure is equal to 72cm of mercury column.
The volume of gas is made 900 cm? by
compressing it isothermally. The stress of the
gas will be
(a) 8 cm (mercury) (b) 7 cm (mercury)

(c) 6 cm (mercury) (d) 4 cm (mercury)

Solution:

The correct answer is A.
For isothermal process

piVi = p2V>
piV1 72 %1000 80
= = = =
P2 =" 900 o

Stress Ap =p; —p, =80—-72=8cm

9. A monoatomic gas (y = 5/3) is suddenly

compressed to % of its original volume

adiabatically, then the pressure of the gas will
change to

24
@) — (b)8
5
40 . o
(© 3 (d) 32 times its initial pressure
Solution:

Explore more at www.ph

The correct answer is D.

Given
1
VZ = §V1
5
73

According to the adiabatic compression

P, (V1)
PVY = Constant = — = (—) =P,
Py \I;

5
= (8)3P,
= 32P,

10. An ideal gas at 27°C is compressed

adiabatically to % of its original volume. If

y :2 , then the rise in temperature is

(a) 450 K (b) 375 K
(c)225 K (d) 405 K
Solution:

The correct answer is B.
In an adiabatic process,
TVY~! = constant

(' (Vz)y_1

T, \V
5
8 \3 " 2
300 [77V _<8)3_4
T, |V 27 9

9
T, = 300 X i 675K
~ raise in temperatue = 675 — 300 = 375K

11. The amount of work done in an adiabatic

expansion from temperature T to T is

(@R(T - T2) (b) yl_l(T T
(C)RT (d)R(T —Tl)(}/—l)
Solution:

The correct answer is B.
Work done by adiabatic process is

W—R(T T)—R T-T)
aai = =7 (T f_y_l( I

12. An ideal gas is expanded adiabatically at an

initial temperature of 300 K so that its
volume is doubled. The final temperature of
the hydrogen gas is (y = 1.40)

(a) 227.36 K (b) 500.30 K
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(c) 454.76 K (d) —47°C
Solution:
The correct answer is A.
Given
T, = 300K,Y = 1.40,V, = 2V,
TVY~! = constant = T_i = (V_:) =T,
V Y-1
=7(7)
V;
0.4

=T, =300 (E) = 227.36K

13. In an adiabatic expansion of a gas initial and
final temperatures are T1 and T, respectively,
then the change in internal energy of the gas is

R R
(a) 7_—1(T2 _Tl) (b) E(Tl _Tz)
() R(T1-Ty) (d) Zero
Solution:

The correct answer is A.

T, = Initial temperature

T, = Final temperature

Since it is adiabatic expansion, there will be no
heat energy, so AQ = 0 (Q = heat generated).
We know

AQ = AV + AW (W = Work done)

= AW = —AU (U - total internal energy)
We know in adiabotic process — AW

_R(Ty—Ty)
Y -1
So,

—R(Ty — Ty)
AU =AW =—p775—
_R(T,—Ty)
Y -=-1

14. Two moles of an ideal monoatomic gas at
27°C occupies a volume of V. If the gas is
expanded adiabatically to the volume 2V, then
the work done by the gas will be [y =5/3, R =
8.31 J/mol K]

(a) -2767.23 J (b) 2767.23 J
(c) 2500 J (d) 2500 J
Solution:

The correct answer is B.
In adiabatic process,
TVY~1 = constant
TV, =T,V

5., 5.4
300 x V3~ ! = T(2V)3
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300
T, =—-=1887
23
= 189K
Now, work done is given by
nR(T; — T,)
oY -1
2% 8.314 x (300 —189) x 3
2

= 2768.56]

15. A gas (y = 1.3) is enclosed in an insulated
vessel fitted with insulating piston at a
pressure of 10° N/m?2. On suddenly pressing
the piston the volume is reduced to half the
initial volume. The final pressure of the gas is
(@) 27 x 10° (b) 213 x 10°
(c) 2+4 x 10° (d) None of these
The correct answer is B.

Given,
Y=13
P, = 10°N /m?
2V, =V,
As it is adiabatic process, so using the relation
. PVY = k (constant)
PV, = PV,"
A
P; W =P,
P, = 23 x 10°N /m?

16. A vessel contains 1 mole of O, gas (molar
mass 32) at a temperature T. The pressure of
the gas is P. An identical vessel containing one
mole of He gas (molar mass 4) at a
temperature 2T has a pressure of

(a) P/8 (b) P
(c) 2P (d) 8P
Solution:

Correct option is C
We know that:
PV =nRT
Here,
PL=PV,=V,=V
(as identical vessel volume V is same for both g)
T,=T,T,=2T,ny =n,=1,P, =7

Thus
P, T,
P T
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Or

L A p —op
—_—— =

P T 2

17. In an adiabatic process, the density of a
diatomic gas becomes 32 times its initial
value. The final pressure of the gas is found
to be n times the initial pressure. The value
ofnis:

(a) 32 (b) 326
1
(c) 128 (d) >
Solution:

(c) In adiabatic process
PV* = constant

V4
' P(E\J = constant (V = m]
P P

As mass is constant
s Pac p7
If P; and Ps be the initial and final pressure of

the gas and pj and pr be the initial and final
density of the gas. Then

P [&]y ~(32)"

P Pi

nFPi:(ZS)ws _ o7
n=2"=128.

18. An ideal gas at atmospheric pressure is

adiabatically compressed so that its density
becomes 32 times of its initial value. If the
final pressure of gas is 128 atmospheres, the
value of ‘y’of the gas is :
(@15 (b) 1.4
(c)1.3 (d)1.6
Solution:
(b) Volume of the gas
V= m and
d

Using PV" = constant

L i)y
P Vv’ \d

Or 128 = (32)"

7
oo :—:14
775

19. Two cylinders A and B of equal capacity are

connected to each other via a stop cock. A
contains an ideal gas at standard
temperature and pressure. B is completely
evacuated. The entire system is thermally
insulated. The stop cock is suddenly opened.
The process is

(a) Adiabatic (b) Isochoric

(c) Isobaric (d) Isothermal

Solution:

(@) Since, the entire system is thermally
insulated. Thus, their will be no transfer of heat
between the system and the surrounding. Hence,
when the stop cock is suddenly opened, a
sudden process of expansion will takes place
with no heat transfer. Thus, the given process
will be adiabatic, as it is a process that occurs
without transferring heat or mass between a
thermodynamic system and its surroundings.
Hence, correct option is (a).

Expert Thermodynamic Processes

1. One mole of an ideal gas with y=1.4, is

adiabatically compressed so that its
temperature rises from 27°C to 35°C. The
change in the internal energy of the gasis (R =
8.3 J/mol K)

(@)-166J (b) 166 J
(c)-168J (d) 168 J
Solution:
The correct option is B
AU =C, AT
Now,C, -C, =R
or,&—lz R
c, G
or,C, =i,wherey _Ce
y-1 C,
Hence, AU = RAT _8.314x8 =166J
y-1 14-1

. One mole of a perfect gas in a cylinder fitted

with a piston has a pressure P, volume V and
temperature T. If the temperature is increased
by 1 K keeping pressure constant, the increase
in volume is

2V \Y)
(@) 273 (b) 0
\Y
(©) 73 (d) Vv

The answer is C.

Explore more at www.ph
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Given
T, = 273K
T, = 274K
V=V
. ) V, T, 274
For isobaric process 71 = T_1 =V X 73
274V %4
Increases = 73 V= 573

3. In an adiabatic process on a gas with y =1.4,
the pressure is increased by 0.5%. The volume
decreases by about

(a) 0.36% (b) 0.5%
(c) 0.7% (d) 1%
Solution:

Correct option is A
From the relative PVY =k
Now differentiating we get
PyvVY=1dv 4+ dP.VY =0
By making proper rearrangements we get,
dv dP
—— = b
In an adiabatic process on a gas with y = 1.4,the
pressure is increased by 0.5%.

dv
the volume decreases by about — A

=0.5/1.4 x 100 = 0.36%

4. 12gms of gas occupy a volume of 4x10= m?® at
temperature of 7°C. After the gas is heated at
constant pressure its density becomes 6x10~
gm/cc. What is the temperature to which the
gas was heated.

(a) 1000K (b) 1400K
(c) 1200K (d) 800K
Solution:

Correct option is B.
w
PV = nRT = —RT
Ty
Hence,
p
P =—RT
M
Initially,
PV = ad RT. 1
= Rl ===
After heating,
p
P=—RT,————(2
2 RT2 @

From equation (1) and (2)
The temperature to which the gas was heated is

Explore more at www.ph

T = wly 12 x 280 — 1400
27 oV T 6x1074 x4 %103
Pro Thermodynamic Processes

1. One mole of an ideal gas at an initial

temperature of T K does 6 R joules of work
adiabatically. If the ratio of specific heats of
this gas at constant pressure and at constant
volume is 5/3, the final temperature of gas will
be

(@ (T+24)K (b) (T-2.4)K
() (T+4)K (d) (T-4)K
Solution:

The answer is D.

we have specific heat ratio =Y ==

3
Also, the specific heat at constant volume is
given by,
R 3R
YEy—1T72

In adiabatic process:
=dQ=dU+dW=0

= dU = —-dW = —-6R

= C,dT = —6R

=dT =—-4

This gives the final temperature as (T —4)
Kelvin.

. A spherical bubble inside water has radius R.

Take the pressure inside the bubble and the
water pressure to be po. The bubble now gets
compressed radially in an adiabatic manner so
that its radius becomes (R-a). For a<<R the
magnitude of the work done in the process is
given by, where X is a constant and y = C,,/C,

=41/30. Thevalueof Xis .

Solution:

W = (AP), . x47R%a

avg
d—P.47rR2a
2

for small change (AP),,, < P>arthemetic mean

avg
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PV’ =c

s dp=—yPav = azra
\Y \Y
:}/—P"x47zR2ax 47R%*a
2V

- "% y4rR%ax4zR%
2x47R

:(4pRan2)377

~.x=2.05

3. Demonstrate that the internal energy U of the
air in a room is independent of temperature
provided the outside pressure p is constant.
Calculate U, if p is equal to the normal
atmospheric pressure and the room's volume
isequal toV =40 m?.

Solution:
A. Assuming air to be ideal gas, its internal
energy is:
U =nCvT

_nRT  pV
-1 -1
=constant, for a room of value V and constant P.
hence proved.
B. For a given room at 1 atm
U PV _(10F(40) .
r-1 (14-1)

= %80(500)2
Kinetic energy of 80kg man running at 500m/s
(supersonic)

4. A thermally insulated vessel containing a gas
whose molar mass is equal to M and the ratio
of specific heats C,/Cy = y moves with a
velocity v. Find the gas temperature
increment resulting from the sudden stoppage
of the vessel.

Solution:

U, +KE, =U, +KE,

Due to movement of vessel

- AU =KE,

= nC AT = % my?

. Two thermally insulated vessels 1 and 2 are

filled with air and connected by a short tube
equipped with a valve. The volumes of the
vessels, the pressures and temperatures of air
in them are known (V1, P1,T1 and Vg, p2, Ta).
Find the air temperature and pressure
established after the opening of the valve.

Solution:

As vessels are thermally insulated, U is
conserved

~nCT +n,C[T,
=(n,+n,)C,T
=nT, +nT,=(n+n,)T

_nT, +n,T,
n1n2

=T

— AR A
V. V.
pl 1 + p2 2
Tl T2
N is conserved
SN =N

=T

p(V,+V,)
RT

R(n,+n,)T
v, +V,

R(nT, +n,T,)
v, +V,

=n +n,=
=p=

_ PVt PV,
Vv, +V,

. One mole of a certain ideal gas is contained

under a weightless piston of a vertical cylinder
at a temperature T. The space over the piston
opens into the atmosphere. What work has to
be performed in order to increase
isothermally the gas volume under the piston
n times by slowly raising the piston? The
friction of the piston against the cylinder walls
is negligibly small.

Solution:
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<p05V0 p09V0 ) T
PA ext

PoA —
0 LV PV, T
Pl _> Fe‘d
B | .
(p-v))A

dWext = Fextdx = ( P — p) Adx ( : ! )
:(po - p)dV ~ ~

B ol
Ll |

o VotV V,
=W, = [ (P, - p)dv (¥ +¥)= (¥, —¥)
0 " g dw = F,,dx
=(7-1)ps ~% ~nRT, | - = (P, — p.) Adx
(7 -1)7RT, —RT, :[ PVo PV J Ad
Vo — AX v, + AX
=nRT, (77 -1-/¢n 77)
7. A piston can freely move inside a horizontal = w AX — v, Adx — dv
cylinder closed from both ends. Initially, the Vo — AX
piston separates the inside space of the n-1
cylinder into two equal parts each of volume V= (TJVO
Vo, in which an ideal gas is contained under g
the same pressure po and at the same vz[g—j)vo ,
temperature. What work has to be performed SW=2p,Y, J‘ % =PV, gnﬂ
in order to increase isothermally the volume o VoV 4n
of one part of gas 7 times compared to that of Beginner 15 Law of Thermodynamics
the other by slowly moving the piston? 1. The temperature of an ideal gas is kept

constant as it expands. The gas does external
work. During this process, the internal energy
of the gas
(a) Decreases
(b) Increases
(c) Remains constant
(d) Depends on the molecular motion
Solution:
The answer is C.
Internal energy changes in an ideal gas may be
described solely changes in its kinetic energy.
Kinetic energy is simply the internal energy of
the perfect gas and internal energy depends only
on the temperature of the gas.
2. In a given process for an ideal gas, dW =0 and
dQ < 0. Then for the gas
(a) The temperature will decrease

Solution:
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(b) The volume will increase

(c) The pressure will remain constant

(d) The temperature will increase
Solution:

The correct answer is A.

From first law of thermodynamics,

dQ = dU + Dw

we have dQ =dU  (asdW = 0)

But

~dU<o0

NC,AT <0

Or

AT <0

Hence, the temperature will decrease.

3. A gas is compressed at a constant pressure of
50 N/m? from a volume of 10m? to a volume of
4m3. Energy of 100 J then added to the gas by
heating. Its internal energy is
(a) Increased by 400 J
(b) Increased by 200 J
(c) Increased by 100 J
(d) Decreased by 200J

Solution:
The answer is A.
change in volume AV, — V; = 4 — 10 = 6m3
A volume decreases, work is done on the gas and
S0 it is negative.
W = pAV = 50 x (—6) = —300]
Additional heat supplied (G = 100J). So, for the
first law of thermodynamics change in external
energy is given by
AU =Q —W =100 — (—300) = 400/
Internal energy increases by 400J.

4. Heat given to a system is 35 joules and work

done by the system is 15 joules. The change in
the internal energy of the system will be

(a)-50J (b) 20J

(c)30J (d)50J
Solution:

The answer is B.

Given,

sW = 15 joules, Q = 35joules
from the first law of thermodynamics
AU =AQ —W =35—-15 = 20/

5. A perfect gas goes from state A to another

Explore more at www.ph

state B by absorbing 8 x 10° J of heat and
doing 6.5 x 10° J of external work. It is now
transferred between the same two states in
another process in which it absorbs 10° J of
heat. Then in the second process

(@) Work done on the gas is 0.5 x 10° J
(b) Work done by gas is 0.5 x 10° J
(c) Work done on gas is 10° J
(d) Work done by gas is 10° J
Solution:
The correct answer is A.
dU =dQ — dW = (8 x 10° — 6.5 x 10°)
=1.5x10%]
dW =dQ —dU = 10° — 1.5 x 10°
= —0.5x 10%]
-ve sign indicates that work done on the gas is
0.5 x 103]

6. At 27°C two moles of an ideal monoatomic gas

occupy a volume V. The gas expends
adiabatically to a volume 2 V. Calculate
(a) Final temperature of the gas

(b) Change in its internal energy and
(c) The work done by the gas during the
process. [R =8.31 J/mol K]

(1) T, =27 + 273 = 300K

5
v=3 (f or monoa — micgas)

V1=V
V, =2V
TZ :?

since the gas expands adiabatically.
T1V1y_1 = T2V2y_1
v\t

()
2 1\y,

5
300 ACE 189K
B <2V) Bl
—nR(T, —T
@ w = TR

—2 % 8.31(189 — 300)
- 5/3—1
+8.31 X111 X3 X2
= 3 = +2767]
Change in internal energy
According to first law of thermodynamics
~ AU =AU+ AW ButAQ =0
(As the process is adiabatic)
~ AU = =AW = —2767]
AW = 2767]
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7. An ideal gas of one mole is kept in a rigid
container of negligible heat capacity. If 25 J of
heat is supplied the gas temperature raises by
20 C. Then the gas may be

(a) Helium (b) Argon

(c) Oxygen (d) Carbon dioxide
Solution:

Correct options are A and B.

Given,

n =1,dT = 2°C,dQ = 25 joule
We know that,

dQ = nCydT
25=1%xCy x2
Cy =125
We also know,

3
CV = ER
Cy = 1.5x8.314
Cy = 12.54

Since both have equal values gas is mono-

atomic,

Since Helium and argon are mono-atomic gases.
8. When an enclosed perfect gas is subjected to

an adiabatic process:

(a) Its total internal energy does not change

(b) Its temperature does not change

(c) Its pressure varies inversely as a certain

power of its volume

(d) The product of its pressure and volume is

directly proportional to its absolute

temperature.

Solution:
Correct options are C & D.
Because in adiabatic process, energy is
transferred to the surrounding only as work.
Hence resulting in total internal energy changes,
pressure varies and other parameter also.

9. The internal energy of an ideal gas is equal to
negative of the work done by the system, then
(a) The process must be adiabatic
(b) The process must be isothermal
(c) The process must be isobaric
(d) The temperature must decrease

Solution:

Correct answer is A.
IfAU = -W

Then,Q =0

i.e no heat is exchanged.
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The process may be adiabatic.

10. Monoatomic, diatomic and triatomic gases
whose initial volume and pressure are same,
are compressed till their volume becomes
half the initial volume.

(a) If the compression is adiabatic then
monoatomic gas will have maximum final
pressure.

(b) If the compression is adiabatic then
triatomic gas will have maximum final
pressure.

(c) If the compression is adiabatic then their
final pressure will be same.

(d) If the compression is isothermal then
their final pressure will be different.

Solution:

Correct option is A.
For an adiabatic process,
PVY = constant

Or

P, VN
5= (%)
Or

P, =2vp,

Now, for a mono-atomic gas, the value of y is
the highest. Thus, for the same change in
volume, the mono-atomic gas will have the
maximum pressure.

11. A litre of dry air at STP expands
adiabatically to a volume of 3 litres. If y =
1.40, the work done by air is:

(3% = 4.6555) [Take air to be an ideal gas]

(@) 60.7J (b) 90.5
(c) 100.8J (d) 48 J
Solution:

(b) Given, V1 =1 litre, Py = 1 atm
V, =3 litre, y = 1.40,
Using, PV'" = constant
BV =RV)
14

P, = Plx(lj =Latm

3 4.6555
P1V1 — szz

~ Work done, W =
y—1

(lxl— 1
_ 4.6555

=90.1J

X 3)1.01325 x10° x10°°

0.4
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Closest value of W =905

12. A cylinder with fixed capacity of 67.2 lit
contains helium gas at STP. The amount of
heat needed to raise the temperature of the
gas by 20°C is : [Given that R = 8.31 J mol™
K]

(a) 350J (b) 3743

(c) 748J (d) 700J
Solution:

(c) As the process is isochoric so,

Q=nc,AT =Ex£x20

224 2
=90R =90 x 8.31
=~ 748 J.

13. Half mole of an ideal monoatomic gas is
heated at constant pressure of 1 atm from
20°C to 90°C. Work done by gas is close to:
(Gas constant R = 8.31 J/mol-K)

(a)581J (b) 291J

(c) 146 J (d)73J
Solution:

(b) Work done,

W =PAV = nRAT:%x8.31>< 70= 291

14. During an adiabatic compression, 830 J of
work is done on 2 moles of a diatomic ideal

gas to reduce its volume by 50%. The change

in its temperature is nearly: (R = 8.3 JK-
Imol?)

(a) 40K (b) 33K
(c) 20K (d) 14K
Solution:

(c) Given : work done, W =830 J
No. of moles of gas, p =2
For diatomic gas y = 1.4
Work done during an adiabatic change
IUR(Tl _Tz)
y-1
830 = 2x8.3(AT) _ 2x8.3(AT)
1.4-1 0.4
~ 830x0.4
~ 2x8.3

W =

AT =20K

Expert 1%t Law of Thermodynamics

1. 5.6 litre of helium gas at STP is adiabatically
compressed to 0.7 litre. Taking the initial
temperature to be Ty, the work done in the
process is

9 3

(@) 3 RT, (b) > RT,
15 9
(c) 5 RT, (d) > RT,
Solution:

(@) Initially, Volume V; = 5.61, temperature = T

and y :% (for monoatomic gas)

The number of moles of gas, n= 5.6l L
2241 4
Finally (after adiabatic compression)
V,=0.71
For adiabatic process
Tlvl}/_l = Tzvzy_l
y-1 5,
oo T2 :Tl ﬁ :TI[S;GJS
Vv, 0.7
=T1(8)2/3 =4T;
Work done in adiabatic process
1
=R[T,-4T,]
RAT 1 !
w=""00 4 _IgT,

y-1 {5_1} 8
3

2. An engine takes in 5 mole of air at 20°C and 1

atm, and compresses it adiabaticaly to 1/10™
of the original volume. Assuming air to be a
diatomic ideal gas made up of rigid molecules,
the change in its internal energy during this
process comes out to be XkJ. The value of X to
the nearest integer is

Solution:

For adiabatic process,
TV = constant

or, TV =TV,
T1=20°C +273 =293 K,
V, 7

V,=-—2 and y=—
210 " 775
y-1
Tl(vl)ylsz( lj
2/5
293=T2(ij
10

T, =293(10)%5 ~ 736 K
AT =736 —293 =443 K
During the process, change in internal energy

<

=
o

AU = NCyAT = 5><g><8.3>< 443
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~ 46 x 103 J =X kJ

& X =46.

. Starting at temperature 300 K, one mole of an
ideal diatomic gas (y = 1.4) is first compressed

adiabatically from volume V; to V; = l/—é Itis

then allowed to expand isobarically to volume
2V,. If all the processes are the quasi-static
then the final temperature of the gas (in °K) is
(to the nearest integer)

Solution:

For an adiabatic process,
TV = constant
Tlvlyil = Tzvzyil

14-1

V,

T, =(300)x zi =300 x (16)°4
16
Ideal gas equation, PV = nRT
S V :ﬂ
P

V = KT (since pressure is constant for isobaric
process)
So, during isobaric process

V2 = sz (I)
2V2 = KTy .. (i)
Dividing (i) and (ii)

1 T,

2 T,

Tr=2T, =300 x 2 x (16)*4 = 1818 K

. A gas is compressed isothermally to half its
initial volume. The same gas is compressed
separately through an adiabatic process until
its volume is again reduced to half. Then
(a) Compressing the gas through adiabatic
process will require more work to be done.
(b) Compressing the gas isothermally or
adiabatically will require the same amount of
work.
(c) Which of the case (whether compression
through isothermal or through adiabatic
process) requires more work will depend upon
the atomicity of the gas.
(d) Compressing the gas isothermally will
require more work to be done.

Solution:

() The solution of this question can be
understood by plotting a p-V graph for the
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compression of a gas isothermally and
adiabatically simultaneously to half of its initial

volume. i.e.
' Adiabatic curve
; Isothermal curve

v/2 "4
Volume V. —

T —

Since, the isothermal curve is less steeper than
the adiabatic curve. So, area under the p-V curve
for adiabatic process has more magnitude than
isothermal curve. Hence, work done in adiabatic
process will be more than in isothermal process.

Pro 1% Law of Thermodynamics

1. A container of volume 1m? is divided into two

equal compartments by a partition. One of
these compartments contains an ideal gas at
300 K. The other compartment is vacuum.
The whole system is thermally isolated from
its surroundings. The partition is removed
and the gas expands to occupy the whole
volume of the container. Its temperature now
would be

(a) 300 K (b) 239 K
(c) 200 K (d) 100 K
Solution:

The correct answer is A.

Since, the system is insulated, Q = 0. Other part
is vacuum, therefore, work done by the gas W is
also zero. Hence, from first law of
thermodynamics, AU = 0i.e, temperature
remains constant.

. 3 moles of an ideal gas at 300K are

isothermally expanded to 5 times its volume
and then heated at this constant volume so
that its pressure will raise to initial value
before expansion. In the whole process 83.14
kJ heat is required. Find the temperature Tc.
Also calculate the ratio Cr/Cy of gas. (Given
log5=1.61)

P
4
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Isothermal
V,,T,) T (R.5V,T)

(P()’ 0’
1 2
Isochoric
(P()75V()’T3)
3
n=3

P,
152 P0V0=P25V0$P2=€0

Po
2-3: & = & > S - &
To T3 To T3
T, = 300K
T; =5%300 =1500 K
1 - 2 (Isothermal expansion)

5V,
0012 = AW, = nRTyn (22)
0

$T3 = STO

= 3R x 300 In(5)
900R X 1.61 = 1449R
2 — 3(Isochoric heating)

AQ2—>3=nCVAT=3Xy_1(5TO_TO)
_1200R><3_3600R
oy-1 y-1
AQ1—>2=nCVAT=3Xy_1(5T0_TO)

12R x 300 3600R
- y—1 - y—1
AQ 5 + AQ,_ 3 = 83.14 X 103]
= 8.314 x 10* = 10*R

3600R 3600
1449R + = 10*R = 1= 8501

3600

8500

. Gaseous hydrogen contained initially under
standard conditions in a sealed vessel of
volume V =5.0 1 was cooled by AT =55 K.
Find how much the internal energy of the gas
will change and what amount of heat will be
lost by the gas.

Solution:

A. AU =nC AT

5 (8.3)

=——>5-~—~=.(-55
22.4 2 ( )

=-0.25kJ

y—1= =042y =142

B. Q=AU +| pdv

= Q=AU =-0.25kJ
Heat lost = -Q = 0.25kJ

4, What amount of heat is to be transferred to

nitrogen in the isobaric heating process for
that gas to perform the work A =2.0 J?

Solution:

Q=AU +w
=nC,AT
_ NRAT

pav._ W
r-1

w
=—+W
r-1

r
=—W
r-1

1.4

=" _2-7]
(L4-1)

. As a result of the isobaric heating by AT =

72K one mole of a certain ideal gas obtains an
amount of heat Q = 1.60kJ.Find the work
performed by the gas, the increment of its
internal energy, and the value of y = C,/C..

AW = pAv =

NRAT = (8.3)(72) = 0.6kJ
BAU=Q-w=1.6-0.6=1kJ
NRAT
r-1

C.AU = =1kJ

=r=16

. Two moles of a certain ideal gas at a

temperature To = 300 K were cooled
isochorically so that the gas pressure reduced
n = 2.0 times. Then, as a result of the isobaric
process, the gas expanded till its temperature
got back to the initial value. Find the total
amount of heat absorbed by the gas in this
process.

In phasel: v = const

Po_P
TO Tl
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Also, Q, =AU
_ nRAT

r-1

nR(To_Toj
—__\7__ )
r-1

In phase 2: p = constant
Q, =AU + pAv
_IRAT L RAT

r-1

- lnR(TO —T—Oj
r-1 n
~.Netheat: Q=0Q, +Q,
-1
=nRT, M (independent of r)
n

. Three moles of an ideal gas being initially at a
temperature To = 273 K were isothermally
expanded n = 5.0 times its initial volume and
then isochorically heated so that the pressure
in the final state became equal to that in the
initial state. The total amount of heat
transferred to the gas during the process
equals Q =80 kJ. Find the ratio y = Cp/C, for

this gas.

Solution:

RV, T,

{ isothermal
_177V1T()

d Isochoric

Po. 77V, 17T,

. In isothermal expansion:
Q, =NRT, /N2 = nRT,(n 7
Vl
And, in isochoric process:

Q, =nC, AT
nR
=——(n-1)T,
r _1(77 ) 0
Q = Ql + Qz

_n1l
Q
nRT,

=>r=1+

-Inn

8. One mole of oxygen being initially at a

temperature To = 290 K is adiabatically
compressed to increase its pressure n = 10.0

times. Find:

(a) The gas temperature after the
compression;

(b) The work that has been performed on the
gas.

Solution:

pv" = const

)
= p| — | =const
p

= p"'T" =const

1-

r
=p " T =const
A. for given adiabatic process

1-r r
pTTO =(np)r T,

-
=T, =—=T,n

1
r

nv
B. work done on the gas: = AU

-1
_7RAT _nRT,(
r-1 r-1

. A certain mass of nitrogen was compressed 7

= 5.0 times (in terms of volume), first
adiabatically, and then isothermally. In both
cases the initial state of the gas was the same.
Find the ratio of the respective works
expended in each compression.

Solution:
Work done by the gas:
nRAT  NRT, (7" -1)
Wi =— ==
r-1 r-1

W, = nRTOEnV—2 = nRTOEnl
Vi n

. Ratio of work done on the gas
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W, (nnfl _1) gas temperature being equal to To. The
= Tw (r —1)In piston is slowly displaced. Find the gas
iso g temperature as a function of the ratio n of
pv' =const the volumes of the greater and smaller
T sections. The adiabatic exponent of the gas is
= [—)v” = const equal to y .
v
. Solution:
= Tv'™ =const Concept: W, = Av
. as given: 3 — dw,, = dU
TV =T, (3]
77 ( pC‘>"r[I\ n P[I\vﬂ! n) T
=T, =T0f7n71
— AT =T, -T, & o av
— 4
=T0 (ﬂn_l —1) ( PV, PJ"I:), F
] ] ‘_ L Lid
10. A certain mass of nitrogen was compressed (p-v)A
n = 5.0 times (in terms of volume), first "
adiabatically, and then isothermally. In both i I""'_*"
cases the initial state of the gas was the same. ( )
Find the ratio of the respective works
expended in each compression. (v, +v)=n(v, -v)
Solution: d d d
Work done by the gas: W= Fodx=(p, - p,) Adx
- —nNRAT _ —nRT, ( 1 _1) = ( P, — pl)dV
n-1 n-1

:(nRT ~ nRT]OIV

W, =nRT, 2 = nRT, L v, v
Vi n
.. Ration of work done on the gas =nRT 1 1 dv
o Vo=V V,+V
_ TWosi _ (77 _1) q
W, (n-1)(ny =2nRT 2V v
Vo =V,
pv" = const R
T = dU = (2n)—1dT
= (—jv” = const -
v -1
—v=| 172
= Tv"* = const (77 + J
.. as given: [”i)v
TyloT v j"]l vdv 1 ]d_T
oV =l 7 2 VoV, (r=1); T
T, =T.p"" =
= =1n (77 +1)2 2
1 =T=T,
SAT=T, -T,=T,(p"*-1) 4n
11. A heat-conducting piston can freely move 12. An ideal gas whose adiabatic exponent equals

inside a closed thermally insulated cylinder
with an ideal gas. In equilibrium the piston
divides the cylinder into two equal parts, the
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y is expanded so that the amount of heat

transferred to the gas is equal to the decrease
of its internal energy. Find:

(a) The molar heat capacity of the gas in this
process;

(b) The equation of the process in the
variables T, V;

(c) The work performed by one mole of the
gas when its volume increases 7 times if the

initial temperature of the gas is To.

Solution:

For pv" = const

i CZR[L_L}
r-1 n-1

Heat = decrease in U
~.nCdt=nCdT

oo R _o[1 1
r-1  |r-1 n-1

=2(n-1)=n-1

n+1
i.=>n=——
2

. . n+1
iv. Process is : va = const

a) C=R -
@ [r—l n-1 r-1

r+l

(b) PV 2 =const
r+l
= (Ijv 2 =const
V

7+l

=TV 2 =const

T T+l
c) | — |V 2 =const
()(Vj

r+l r+l

=TV 2 =T,(pv) 2

1 1}__R

Lr Lr
=T,T,n? = AT =(77 2 —1J

13.

14.

__N,RAT
n-1

=y
n,RT, [77 2 ]

r+l
2

1y
2n,RT, [1—77 2 j

y-1
Two insulating cylinders A and B fitted with
pistons contain equal amounts of an ideal
diatomic gas at temperature 300K. The
piston A is free to move, while that of B is
held fixed. The same amount of heat is given
to the gas in each cylinder. If the rise in
temperature of the gas in A is 30K. Then the
rise in temperature of the gas in B is,

(a) 30K (b) 18K
(c) 50K (d) 42K.
Solution:

The answer is D.

(d) A is free to move, therefore heat will be
supplied at constant pressure

~AQy =nCpATy ————(i)

B is held fixed , therefore heat will be supplied
at constant volume.

~ AQg = nCyATy — — — —(ii)

But

AQ4 = AQg (given)

C
2 nCpAT, = nCyATy + ATg = (C—P) A,
%4
=y (AT, [y = 1.4(dia » mic)]
= (1.4)(30K)
o ATy = 42K

One mole of an ideal gas is compressed from
0.5 lit to 0.25 lit. During the compression,
23.04 x 10% J of work is done on the gas and
heat is removed to keep the temperature of
the gas constant at all times. Find the
temperature of the gas. (Take universal gas
constant R =8.31 J molt K1)

Solution:

Given: Work of compression Wy, =
—23.04 x 10%

Initial volume V; = 0.5L

Final volume V, = 0.25L

Let the temperature of the gasbe T
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15.

As the temperature is constant all the time, thus
all the gas is compressed isothermally.
Work done in isothermal compression

V2
Wepm = nRT In (—)
Vi

0.25
& —2304 =1x831%xTIn (W)

—2304 =1x831XT

X (—=In2)(In2 = 0.693)
=T = 400K
If heat is added at constant volume, 6300 J of
heat are required to raise the temperature of
an ideal gas by 150 K. If instead, heat is
added at constant pressure, 8800 joules are
required for the same temperature change.
When the temperature of the gas changes by
300 K. Determine the change is the internal
energy of the gas.

Solution:

16.

Heat added at constant volume is equal to the
change in internal energy of the system.

Change in internal energy

AU = nCyAT
For AT = 150K ,AU = Q, = 6300]
6300 = nCy(150) — —— (1)

Let the change in internal energy be AU for
AT = 300K

~ AU =nCy(300) ————(2)
Dividing (2) and (1) we get
AU 300
6300 150
= AU = 12600/

A piston can freely move inside a horizontal
cylinder closed from both ends. Initially, the
piston separates the inside space of the
cylinder into two equal parts each of volume
Vo, in which an ideal gas is contained under
the same pressure Py and at the same
temperature. What work has to be
performed in order to increase isothermally
the volume of one part of gas n times
compared to that of the other by slowly the
piston?

I i
| B4 —i
1 |
i F,.. i PA

Solution:

Let the agent move the piston as shown.
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In equilibrium position,
PiA + Fogene = P2A
Fagent = (P, —P)A
Work done by the agent
Fagentdx = (P, — P))AXdx = (P, — P))dV
Applying PV = constant for two parts, we have
Pi(Vy + Ax) = PyV, and P,(Vy — Ax) = Pyl
PoVo PoVo
A= a0 P = T
_ PyVy(2Ax) _ 2P, VoV
V2 —A2x2 V2 -2
When the volume of the left end is n times the
volume of right end, we have
Vo +V)=np—V)
n—1
v=(3)h - @
The work done is given by

~ P, — P

w fV(P P)AV 2PoVoV

= 2 I = 2 oo
0 o (Vo?-V?)

_ 2 _21Y

= —PVo[InVp? =V ]0

= —PoVo[In(Vp® = V2) = InV;?]

—1)\2
= _POV0 [ln {VOZ - (r]—) VOZ} - 11’1 Voz]

n+1
(n + 1)?

= ~PoVolln{dn /(1 + 1)1] = PoVo | =

17. Three moles of an ideal gas being initially at

a temperature To = 273 K were isothermally
expanded 1 = 5.0 time its initial volume and
then isochorically heated so that the pressure
in the final state became equal to that in the
initial state. The total amount of heat
transferred to the gas during the process
equals Q = 80 KJ. Find the ratio y = Cp/Cv
for this gas.

Solution:

For the process BC,

AV =0 ,thus Wg =0
Process AB is isothermal, thus
AUsg =0

v,
Wyp = nRTan—B = 3(8.314)(273) In5
A

=10958.93 ]
AUge = nCyAT = 3C, (5T, — T,) = 3276Cy
Q=AU+W

80000 = 3276C; + 10958.93

= Cy = 21.07
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Also,
Cp—Cy =R =8.314 = Cp = 29.39

18. An ideal gas at NTP is enclosed in a adiabatic
vertical cylinder having area of cross section

A =27 cm?, between two light movable
pistons as shown in the figure. Spring with
force constant k = 3700 N/m is in a relaxed

state initially. Now the lower piston is moved

upwards a height h/2, h being the initial
length of gas column. It is observed that the
upper piston moves up by a distance h/16.
Find h taking y for the gas to be 1.5. Also
find the final temperature of the gas.

k

T

T ’//////lllllllll

[T77TTI7TTTTTiT7
=

ALV LNV VAN

Solution:
NTP: T, = 0°C = 273KP, = 1bar = 10°Pa
Final volume
9
=|lh+——= A——hA——
Vs [ 16 2] 6%
Using PVY =
1.5
P [V
p |9
o] EVO
P; = 2.37P,
Now Pf B, + ToA

Where k = 3700N/mA = 27 x 10~*m?
3700(h)
T lez7x 109

2.37P; = P, +

h=16m
Also,
TVY~1 = constant

e [V

— ( o ).5
7 \2, |7,
16 '/ 16°°
Ty = 364K

19. A thermodynamic system is taken from an
initial state i with internal energy U;=100 J

to the final state f along two different paths

iafand ibf, as schematically shown in the
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figure. The work done by the system along
the paths af, ib and bf are W, =200 j,
W,=50 J and W,;=100 J respectively. The
heat supplied to the system along the path
iaf, iband bfare Q;qf, Q;» and
Qpyrespectively. If the internal energy of the
system in the state b is U= 200 J and

Qiqr=500 J, The ratio % is

ib

v

Solution:

Applying first law of thermodynamics to path
iaf

Qiar = AUjgr + Wigs

500 = AUjqf + 200

AUsqy =300

NOW, Uy p= AUsqs + Wiy + Wiy = 300 + 50 +
100

Qip + Qpr =450

Also Qi =AUy + Wy,

0y, =100 +50 + 150 J .. (ii)

. ... Qpf _ Qibr-q;, _ 300
Fromeg. (i) & (il)) —=——2L="—=2
g () ( )Qib Qip 150

20. An ideal monatomic gas is confined in a

horizontal cylinder by a spring loaded piston
(as shown in the figure). Initially the gas is at
temperatureT, pressure Py and volume V4
and the spring is in its relaxed state. The gas
is then heated very slowly to temperatureTs,,
pressure P, and volumeV,. During this
process the piston moves out by a distance x.
Ignoring the friction between the piston and
the cylinder, the correct statements(s) is (are)
(@) IfV, =2V, and T, = 3T, then the
energy stored in the spring is 1/4 P{V4

(b) If V, =2V, and T, = 3T4, then the
change in internal energy is 3 P,V

(c) IfV, =3V, and T, = 4T, then the work
done by the gas is 7/3 P4V

(d) If V, =3V, and T, = 4T4, then the heat
supplied t the gas is 17/6 P,V

Solution:(a, b, ¢)
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21.

Let spring is compressed by x on heating the
gas.

(a) As gas is ideal monatomic,
PiVi _ PV,

T, T,
Force on spring by gas = kx

P, =P + k—: ( A = area of cross — section of
piston) ...(ii)
WhenV, =2V, T, = 3T}

PiVy _ Py X(2V3) 3
T, 3T P, = 2 Py
1 1

Putting this value of P, in egn. (ii) we get
2p=p +%& kx = 24
2 A 2
_Whh_2nvi_ "

T A A A
Energy stored in the spring

=~ ka? = (kx)(x) =22
(b) Change in internal energy,

3,3
U=l -Pv) =2 G P x 2y, — PW)
(c) Again, when V, =3V, and T, = 4T} then
From eqn. (i),
PiVi _ P2 (3V1) 4

T 4T,
VooVh _2Vy

A A
Form eqgn. (ii),
PiA

4 k.

TP=P kx = =

Work done by gas = Work done by gas on at
Energy stored | spring.
Wg = P;Ax + 21 kx?

P1A

= P2V + 5 (B0 (G
=2P,V,+ %Plv1 =IPV,

(d) AQ= Wy + AU

= §P1V1+ ZE(PZVZ - P1Vy)

2V;

= ZPVyt =(3 Py X 3V; — PyV)

Consider one mole of helium gas enclosed in
a container at initial pressure P4 and
volumeV 4. It expands isothermally to volume
becomes 32V ;. The work done by the gas
during isothermal and adiabatic expansion
processes are Wlsoand W aa4ia » YESPECtively.

If the ratio ke = =fIn2thenfis_

Wadia

Solution:(1.77 to 1.78)

. 5
For monatomic gas , y 3

In adiabatic process
PiV1¥ = P,VyY
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= %(4v1)5/3 = P2(32V1)5’3

5/3 =
=P = (1/ 8) 128

And Wa Gi= P1V1 PZVZ/

22. A mixture of ideal gas contalnlng 5 moles of

monatomic gas and 1 mole of rigid diatomic
gas is initially at pressurePg, volumeV,, and
temperatureT,. If the gas mixture is
adiabatically compressed to a volume Vy /4,
then the correct statement(s) is/are,(Given
212=2 3; 232 9.2: R is gas constant)

(a)The work |W/| done during the process is
13RT,

(b)The final pressure of the gas m0069ture
after compression is in between 9P, and
10P,

(c)The average Kinetic energy of the gas
mixture aftdeedr compression is in between
18RT, and 19RT,

(d)Adiabatic constant of the gas mixture is
1.6

Solution:(a, b, d)

Adiabatic constant of the gas mixture,
nlel + nZsz _ 5><—+1><—

= =1.6
n1Cpl +n2Cp2 5% +1><—

Vm =

For an adiabatic process, P,y =Constant
1.6

V
“P =P, <7°> = Py(4)'6
= P0(22)1'6 = P023'2 = 9.2P0
Work done during the process,

Vi
P2V2_P1V1_9'2POX(TO)_POVO

W = =
1—y 1-16
13P,V,
B 6
BUtP()VO = 6RT0(asn =5+41= 6)
13(6RT,
W = _¥ = —13RT,.. | W|

The average K.E. of the gas mixture,
K.E=nCV,; xT,
FromT, v/ ™" = T,/ ™!
6
OI’, Tz == Tl(Z)E - 23T0
~K.E =nCV,,; xT, = 23RT,

Beginner

Graphs

1. In the following V-T diagram, what is the

relation between P; and P,?
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v
Py

Py

T

(a) P, =Py (b) P,>P;

(c) P2 <Py (d) cannot be predicted
Solution:The answer is C.

Since PV=nRT

V nR

T P

Slope of the graph
1
—_— it evident th h that P.
Dressure so it evident from the graph that P,
will be smaller as compared to P;
2. PV curve for the process whose VT curve is

€ —>Vv d —V
Solution:
The answer is A.
1) From path b to c, the pressure is constant
which is possible only for option A and B. So,
option C and D are wrong.
2) From path a to b volume is increasing in the T
—V graph which is possible in option A only.
3) From path ¢ to a volume is decreasing which
is possible only in option A.
3. An ideal gas undergoes a thermodynamics
cycle as shown in figure.

Which of the following graphs represents the
same cycle?
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i [ ﬁ
pe sl

@ — T @®°

o —

(©) (d)
Solution:
The correct answer is A, C.
From the above problem.
Process to C to B (isochoric process)
Process Ato B
Slope is constant so,
P = constant (isobaric process)
Process ¢ to A (isothermal process)
4. An ideal gas follows a process PT = constant.
The correct graph between pressure & volume

IS

(@) v (b) v

(©) v @ "
Solution:

The correct answer is C.

An ideal gas follows a process PT = constant.
The correct graph between pressure and volume
is represented by option C.

PT = constant ——— (1)
PV = nRT
_ nRT
P=—p —— =~
Substitute (1) in (2)
nRk
PV
Thus
1
P? x v
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constant pressure P is given by the straight
line B. Then the 5expansion of the same ideal
gas of mass 2 m at a pressure 2P is given by
the straight line

Volume

'[cmpcrmur\'-

(@C (b) A
(c)B (d) none

Solution:
The correct answer is C.
The expansion of an ideal gas of mass m at a
constant pressure P is given by the straight line
B. Then the expansion of the same ideal gas of
mass 2 m at a pressure 2P is given by the
straight line B.
The ideal gas equation is PV = nRT or PVM =
WRT
Thus, the volume is directly proportional to the
mass and inversely proportional to the pressure.
Thus, when the ratio of mass to pressure is held
constant, the volume remains unchanged at a
given temperature.

6. A given mass of a gas expands from a state A
to the state B by three paths 1, 2 and 3 as
shown in T-V indicator diagram. If Wy, W,
and W;s respectively be the work done by the
gas along the three paths, then

(a)W1>W2>W3 (b)W1<W2<W3

(C)W1=W2=W3 (d)W1<Wz,W1>W3
Solution:The correct answer is A.

So process 1,

First gas follows constant volume

Path then expand isothermally.

(Wap)1 = Wy + Wiy

v
= nRTIn-Z
i
Ti Uf .
= nRvy v_lnv_ (can be written from process 2)
i i
In process 2:
T xv = P =constant

nRT;
W =P(v —v;) = Tl(vf - ;)
L
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In process 3:

(Wg4) = nRT;In <ﬂ>
Vs

From above we see

(Wap)1 > (Wpa)3

Now

(Wap)1  vf ln(vf/vi)

(Wag)2 (vr — ;)

We represent all three process in PV curve, itis

like
=
5

¥
Area under the curve give the work done
Hence,

Wy > W, > W;

Ratio of

Expert Graphs

1. An ideal gas is taken from point A to point C
on P-V diagram through two process AOC
and ABC as shown in the figure. Process AOC
is isothermal

P4

|

. —> v
V, 2V,

(a) Process AOC requires more heat than
process ABC.

(b) Process ABC requires more heat than
process AOC.

(c) Both process AOC & ABC require same
amount of heat.

(d) Data is insufficient for comparison of heat
requirement for the two processes.

Solution:

The correct answer is A.

Being a state function, change in internal energy
(AU) is the same for the two processes AOC and
ABC, i.e. AUpoc = AU agc

Work done = W = area under P-V diagram
Hence

Waoc > Wapc

= AUpoc + Waoc > AUapc + Wapc

= AQaoc > AQapc

2. Two different masses m and 3m of an ideal gas




Adaptive Problems Book in Physics (Vol. 14) Thermodynamics

are heated separately in a vessel of constant
volume, the pressure P and absolute

temperature T, graphs for these two cases and

shown in the figure as A and B. The ratio of
slopes of curves B to A is

(@3:1 (b)1:9
(©9:1 (d)1:9
Solution:

The answer is A.

Slope of the passing through originon P - T
diagram

3m
stopeof (%) =% (MB)R
m
Slope of B (;)A = n’TR = (MI(;)R
©), m 3
7, ™!

3. The process AB is shown in the diagram. As
the gas is taken from A to B, its temperature

V2V

(a) initially increases then decreases

(b) initially decreases then increases

(c) remains constant

(d) variation depends on type of gas
Solution:

The correct answer is A.

Let us first find equation of the straight line,

P—2p 2p-—p

V—v v-—2v

—p
P—2p="Vx (7)

equation of theline: P =V X (719) +2p

We know that internal Energy (U) = PV

U=P><V=V><(Vx(_7p)+2p)

P
U=-VZx (;) +2pV
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As we go from point A to point B volume
increases.

As volume increases internal energy initially
increases and then decreases, since the internal
energy as a function of volume is a downward
parabola.

. One mole of a gas expands obeying the

relation as shown in the P/V diagram. The
maximum temperature in this process is equal
to

| ,
Ty - E(\ 0-Po)
i) (2V.Py2)
PV, 3RV,
(@ R b) R
9RV,
(©) gRr (d) None of these
Solution:

The correct answer is C.

This question can be solved by maxima and
minima.

Since the graph shown here is a straight line, we
can write it’s equation in the form of : y=mx + ¢
Here

P
p,—P, 5P

Vo=V 2Vy =V,

y=P,x=V,m=

_PO
>m=—
=20,

. , 3Py

c is the intercept and ¢ = -

We can find ¢ by extra piloting the graph
Now
—P, 3P,
P = Z_VOV + T ————— (D
Also from equation of state, we know the
PV =nRT
For 1 mole
PV =RT
Or
RT
P=v
Substituting this in equation (1)
RT —-P, 3P,
vow T
—P, 3P,

= Vie —V
2RV, 2R
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To find the minimum temperature, we will
differentiate the above equation
i.e
dT 2P, 3P,
0 174 _0

av " 2rvy " Y 2R

For
dT P 3P,
0L pyp==2
av RV, 2R

3V,
V=—

2

This is the critical point.
d’T Py
dvZz RV,

Which is negative since
Pressure and volume can’t be negative.
= pt. of maximum

Now at
RIA
V=—
2

maximum temperature = Tp,qy
—Py 9, 3P, 3V,

“2RV, 4 2R 2

9P,V,

"8R

5. In figure, A and B are two adiabatic curves
for two different gases. Then A and B
corresponds to:

= Tnax =

(a) Ar and He respectively

(b) He and H; respectively

(c) O, and H; respectively

(d) Hz and He respectively
Solution:

— increases with atomicity, atomicity of B

> atomicity of A.
Among the given options,
B is correct option.
Atomicity of H, > atomicity of H,
~Yof H,>Y of H,

6. In figure, an ideal gas is expanded from
volume Vq to 2V under three different
processes. Process 1 is isobaric, process 2 is
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isothermal and process 3 is adiabatic. Let AUy,
AU and AUs; be the change in internal energy
of the gas is these three processes. Then:

PJ
P, 1

V, 2v, v

(a) AU; > AUz > AU; (b) AU; < AU, < AUs
(¢) AU, < AU; < AUs (d) AU, < AUs < AU;

Solution:

Correct option is A
From process (1) : Isobaric

AW = PAV
PV = nRT
PAV = nRAT
AW
AT:E
nR nR AW
AU:(r—l)'AT:r—l'ﬁ
AW
1 =r—1

From process (2)
Isothermal: AT = 0
U,=0

From process (3):
Adiabatic :AQ =0

AW = —Au
U; = —AW
nRkR
) AT = AW
AT = AW(r—1)
nR

So, Uy > Uy > Us

. V-T curve for 2 moles of a gas is straight line

as shown in the graph here. Find the pressure
of gasat A.

T(K)

We have, V = (nR/p) T and we know that V — T
curve is a straight line.

Pressure is constant and its slope = nR/p=

tan 53°
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2 X 8314 x 103Pa L/moleK 4
= = —

P 3
= P =125 x 10* Pa

8. P-V graph for an ideal gas undergoing

polytropic process PV™ = constant is shown
here. Find the value of m.

P
(Pa)

2 % 10% femomay \

37¢

4xI10*‘ V(x}ﬁ)
Solution:
Slope of the curve,

dP
— = tan(180 — 37) = tan 143° = —0.75

The given polytropic process
PV™ = constant
Differentiating we get
PxmVm-1ldy = y™mdp =0
S~ mPY™T1qy = —y™dp

dpP mP

av- v
_ _ mx2x10°
.~ —0.75 = Ix10°
>m=1.5

. Three different processes that can occur in an
ideal monoatomic gas are shown in the P vs V
diagram. The paths are labelled as A — B, A
— C and A —D. The change in internal
energies during these process are taken as
Eag, Eac and Eap and the work done as Wag,
Wac and Wap. The correct relation between
these parameters are:

V—»
(@) Eae = Eac < Eap, Wag >0, Wac =0, Wap <
0 (b) Eag = Eac = Eap, Wag >0, Wac =0, Wap
<0

(c) Eag < Eac < Eap, Wag >0, Wac > Wap

(d) Eag > Eac > Eap, Was < Wac < Wap
Solution:

(b)Temperature change AT is same for all three
processes A — B; A—Cand A - D
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AU = nC,AT = same

Eas = Eac = Eap

Work done, W =P x AV

AB — volume is increasing = Wag >0

AD — volume is decreasing = Wap <0

AC — volume is constant = Wac =0

10. 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:
a

[
P b
C
d
V—
(@adbc (b)dach
(c)adchb (ddabc

(d) a — Isobaric, b — Isothermal, ¢ —
Adiabatic, d — Isochoric
11. An ideal gas goes through a reversible cycle a
— b — ¢ — d has the V - T diagram shown
below. Processd — a and b — ¢ are
adiabatic.
v

| >T
The corresponding P - V diagram for the
process is (all figures are schematic and not
drawn to scale) :

P
d c Pn
a b
\\ N
> _—
() () '
P Py
d C a b
©) V@ v

(b) In VT graph
ab-process : Isobaric, temperature increases.
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12.

bc process : Adiabatic, pressure decreases.

cd process : Isobaric, volume decreases.

da process : Adiabatic, pressure increases.

The above processes correctly represented in P-
V diagram (b).

The volume (V) of a monoatomic gas varies
with its temperature (T), as shown in the
graph. The ratio of work done by the gas, to
the heat absorbed by it, when it undergoes a
change from state A to state B, is

v

T

/A)B/

(@] —T
1 2
(@ 3 (b) 3
2 2
© 5 (d) 7

Solution:

(c) According to the given graph,
Volume (V) o Temperature (T)

Or \TL = constant

Thus, the process is isobaric.

V A

T B

/) .

A i
VA """ :
o Ta Ts T—
- Work done, AW =pAV
=nRAT = IIR(TB — TA) (I)
Heat absorbed AQ =nC, AT
=nCp (Te—Ta) (D)
As, C, =ﬁ, [Where, y=1+ E}
y—1 f

For a monoatomic gas, f=3
C :(R+§Rj=§R
P 2 2

Substituting the value of C, in Eq. (ii), we get

AQ:nGR](TB_TA)

Hence, AW __R(T, =T,) =§

AQ n(gRj(TB -T,)

13. A gas is taken through the cycle A
—B—C—A, as shown. What is the net work

done by the gas?
40 (10°Pa)

?..

64 ——————————— B

54

at |

34

2]l __A c

14

© 5 4 3 gV aotmd)
(a) 2000 J (b) 1000 J
(c) Zero (d) —2000 J

Solution:

(b) According to question,
Net work done = Area enclosed in pv curve i.e.
AABC

Area of AABC

:%x5x103X4><105J:103J:1000J

Beginner Cyclic Process

1. In a cyclic process, the internal energy of the
gas
(a) Increases (b) Decreases
(c) Remains constant(d) Becomes zero
The answer is C.
Internal energy is a state function. In a cyclic
process the system returns to its initial state and
so the internal energy is not changed. The heat
added to the system equals the work done by the
system. A free expansion is an adiabatic change
that does not work.
2. In a cyclic process, work done by the system is
(a) Zero
(b) Equal to heat given to the system
(c) More than the heat given to system
(d) Independent of heat given to the system
Solution:
The correct answer is B.
In a cyclic process, since the system returns to its
initial state, the change in internal energy must
be zero. Therefore, by first law of
thermodynamics the net heat given to the system
must be equal to the net work done by the
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Adaptive Problems Book in Physics (Vol. 14)

system. Net heat given to the system must be
equal to the net work done by the system.

3. U represents the Internal Energy. Which of
the following is not true?

P4
2P| . B B
P > < (@
T T T
(a) Ua = Up (b) Us < Ua
(C) Ug = Uc (d) Uc > Up
Solution:

The answer is D.
Internal energy of a gas

U—3 RT

Where R is constant.

Thus, for a given number of moles of the same

gas
UxT
From the graphs, we conclude that
Up = Up
Ug = Ug
Ug > Uy
Uec > Up
4. Two moles of helium gas undergoes a cyclic

process. Calculate the following:
P

(atm) t
24 4 o B
A v
T = C
300k 400k T
(@) Qret (b)Whet
(c) AU
Solution:
In a cyclic process.
AU =0
Qnet = Whet
QAB = nCpAT

=(2) (;R) (400 — 300) = 500R

QBC = nRTB ln <&>
br

2
= (2)(R)(400) In (I) — 80ORIn(2)

Thermodynamics

QCD = nRTD In <&>
br

2
— (2)(R)(300) In (I) — —600R In(2)

* Qnet = Wher = (200R) In(2)
= (200)(8.31)(0.693) =~ 1153]

5. In a cyclic process shown in the figure an ideal
gas is adiabatically taken from B and A, the
work done on the gas during the process B —
A is 30 J, when the gas is taken from A — B
the heat absorbed by the gas is 20 J. The
change in internal energy of the gas in the
process A — B is:

P
A
Q‘_zm
30J B
v
(@)20J (b)-30J
(c)50J (d)-10J
Solution:
The correct answer is B.
Wp_q = =30/

Adiabatic process, Qg_4 = 0/

Q-4 =Wp_4+Up_4

Up-a = 30]

We know that the internal energy only depends
on the final and initial state.

Up-a =Up — Uy

Up-4 =Up —Uy=—Up-4

Up-p = =30]

6. A certain mass of an ideal gas is at pressure P
and volume V1. It is compressed isothermally
and then allowed to expand adiabatically until
its pressure returns to P;. The gas is then
allowed to expand its original volume. Which
of the following P-V graphs are these process
correctly shown?
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P P
Pl -= le

(© N (d) N
Solution:

The correct answer is A.

For an isothermal process:

PV = constant

PdV = —dPV
dP _—P
av - v

For adiabatic process:

PVY = constant
dP P
av- v

A certain mass of an ideal gas is at pressure Py
and volume V. It is compressed isothermally
hence volume decreases and pressure increases
with hyperbola.Then it is expand adiabatically
until its pressure returns to P4 the graph is little
steeper hyperbola than isothermal graph.

The gas is then allowed to expand its original

volume represents a straight line with zero slope

to pressure axis and at increasing volume best
represented by,
P A

\%

7. Pressure versus temperature graph of an ideal

gas is shown in figure

(a) During the process AB work done by the
gas in positive
(b) During the process CD work done by the
gas is negative
(c) During the process BC internal energy of
the gas is increasing
(d) None

Solution:
The correct answer is C.

Internal energy of an ideal gas is a function of
temperature alone, and doesn’t depend on any
other parameters like volume, or pressure.

In process BC, the temperature increases linearly,
hence the internal energy of the gas also
increases.

8. A gas can be taken from A to B via two

different processes ACB and ADB. When path
ACB is used 60 J of heat flows into the system
and 30J of work is done by the system. If path
ADB is used work done by the system is 10 J.

The heat Flow into the system in path ADB is:

P A
C B
A D
- >V
(a) 40J (b) 80J
(c) 100 J (d) 20J
Solution:

(a)AU remains same for both paths ACB and
ADB

4P

C B

A D

>V
AQace = AWace + AUacs
60J=30J+ AUacs

UACB =301J

& AUppg = AUacg = 30J
AQaps = AUaps + AWaps
=10J+30J=401J

9. A thermodynamic cycle xyzx is shown on a V

T diagram.
Vv

T

The P-V diagram that best describes this cycle
is: (Diagrams are schematic and not to scale)

Explore more at www.ph



Adaptive Problems Book in Physics (Vol. 14)

@ " () d
. P
ﬁ; }w
© () 4
Solution:

(a) From the corresponding V-T graph given in
guestion,

Process xy — Isobaric expansion,

Process yz — Isochoric (Pressure decreases)
Process zx — Isothermal compression
Therefore, corresponding PV graph is as shown
in figure

P

Z
;/f

10. A sample of an ideal gas is taken through the
cyclic process abca as shown in the figure.
The change in the internal energy of the gas
along the path ca is — 180 J, The gas absorbs
250 J of heat along the path ab and 60 J
along the path bc. The work down by the gas
along the path abc is:

! .
a b
V —»
(a) 120J (b) 130J
(c) 100J (d) 1409
Solution:

(b) AUac = — (AUcs) = — (— 180) = 180 J
Q=250+ 60 =310 J

Thermodynamics

Now Q =AU + W
Or310=180+W
Orw=1301J

11. For the given cyclic process CAB as shown
for gas, the work done is:

60l A
4 L
pPa) 31
1t B
! : : N i'(lni)
(a) 30J (b) 10J
(c) 1J (d) 5J

(b) Total work done by the gas during the cycle
is equal to area of triangle ABC.

AW:%X4><5= 10J

Expert Cyclic Process

1. One mole of an ideal monoatomic gas is taken
along the path ABCA as shown in the PV
diagram. The maximum temperature attained
by the gas along the path BC is given b

Solution:
(a) Equation of the BC

oop, 2R

0

(V - ZVO)

Using PV =nRT

2
py _ 2RV

Temperature, T = 0
1xR

+4PV

(* n =1 mole given)

2
1 R[s 2
R V

0
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T oo=s-Y g

av v,
5

V=ZV0

T=To5, M 2, 25:) 2RV
R4 v, 16 8 R

2. One mole of an ideal gas in initial state A
undergoes a cyclic process ABCA, as shown in
the figure. Its pressure at A is Py. Choose the
correct option(s) from the following

VA
Vo
T

(a)Internal energies at A and B are the same
(b)Work done by the gas in process AB is
PoVoIn4

(c)Pressure at C is %
(d)Temperature at C is %

Solution:(a, b)
Process A to B

Here, Ty = Tg..Uy = Up

AISO POV0 = PB X 4V0
Py

—>P = —
B ™y

Work done
41,
WAB = TlRTO loge _—
Vo

= POV0 loge 4 [POV0 == nRTo]

3. The figure shows the P-V plot of an ideal gas
taken through a cycle ABCDA. The part ABC
is an semi circle and CDA is half of an ellipse.
Then,

3 ——

e :
"\

0 I 2 IV

(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 A - B — C is zero
(d) Positive work is done by the gas in the
cycle ABCDA

Solution:(b, d)
(a) Process A-B is not isothermal. In case of an
isothermal process we get a rectangular
hyperbola in a P-V diagram.
(b) In process B—C—D, AU is negative. PV
decreases and volume also decreases; therefore,
W is negative. From first law of thermodynamic,
Q is negative i.e., there is a heat loss.
(c) Wug > Wg.Therefore work done during
path A—B—C is positive.
(d) Work done is clockwise cycle in a PV
diagram is positive.

4. An ideal monoatomic gas is carried around
the cycle ABCDA as shown in the fig. The
efficiency of the gas cycle is

B

4 2
(@) 1 (b) 1
4 2
(c) 3 (d) 7

Solution:
The correct answer is A.
Heat is absorbed only during processes AB and
Bc
Gas is mono atomic. Hence
3 5

CV - ERCP = ER
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Heat is absorbed during AB,
3 3
AQap = nCyAT = SnRAT = VAP = 3P,

Heat absorbed during BC,
15

5 5

2
Hence, net heat absorbed
= AQ = AQup + AQpc = 22_1P0V5
Also, net work done= AW = area under P-V
graph= 2R, V,
Hence,
o AW 4
ef ficiency = E =51
5. A certain mass of a diatomic gas occupies a
volume of 100 cm?® at a pressure of 75 cm of
Hg. It is compressed adiabatically until the

pressure increased to 80 cm of Hg. Calculate

the work done by gas in the process. (
Py =13.5349 /cm’)

Pt [T.] [T,
[B]FFC]

DI[T.]
AlT]
\Y

Solution:

P1V1T = Pszr

75 X (100)14 = 80 x (V)

v, 14 g
(w5) =
(ﬁ) = (0.9375)1/14
100
V, = 95.43

P V; — RV,

- r—1

_ (75 x 100 — 80 x 95.42)

14-1
_ 139.52

= x 9.81 x 13.539
04 8 3.53

= 46.32 x 10°]

X g X 13.539

Pro Cyclic Process

1. One mole of monoatomic ideal gas is taken
through the cycle shown in figure.

Explore more at www.ph

vV —>
A — B Adiabatic expansion

B — C Cooling at constant volume
C — D Adiabatic compression

D — A Heating at constant volume
The pressure and temperature at A, B etc., are
denoted by Pa, Ta; Pg, Ts etc. respectively.
Given Ta =1000 K, Pg = (2/3)Pa and P¢ =
(1/3)Pa Calculate

(@)

The work done by the gas in the process A—
B

(b)

The heat lost by the gas in the process B—C
and

()

Temperature Tp given (2/3)?°=0.85and R =
8.31 J/mol K.

The answer is A
_ nR[T, — Tg]
AB = —y ]
Hence
n=1;R =832;T, = 1000K
5

V=§

To find Tg we use

TAV _ Tg =>(P_A)Y—1=<T_A
P/t BTt \Pg Tp
B 1 % 8.31[1000 — 850]

)y = 3/2)

W,y = = 1870]
21
3

b)Q = n X CyAT = n x CyA(Ts — T¢)

Ty = 850K

To find Tc we use

P_B =-C (volume constant)

Tg Tc

Substituting the values we get T = 425K
3
Q=1x5x831x [425 — 850] = —5298]

c) Temperature Tp
TA == TD == 1000K
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2. The answer is.

For enclosed gas number of moles

_B8_1
n—32—4moe

From gas equation for process (a)
PV; PVy Vi 300 3
—_— s — = — = —

T, T V; 400 4
P

Vi Vi \%
(1)Heat absorbed by the gas during operation ‘a’

= nconT = 21279 s 32 4+ 2] x 100
Q =nCrAT = 77500 +3
2233

= T] = 7443]

(2)Work done by the gas in case ‘a’

W = nRAT = — x 22 x 100 = 222
= =—X—X -
n 4773 3/

(3)Work done by the gas in case ‘b’

W = nRT1 (Vf>—125><4001 (4)
— 08 (1) T 43 "3
2500

3 In(4/3)

(4)Heat extracted from gas in case ‘¢’

a1 670
= = —X
Q =nly 471000

. Calculate the efficiency of a heat engine in a
gas (whose ratio of specific heat) while it is
being taken through a cycle as shown in the
indicator diagram. (Process Ato Band Cto D
is adiabatic)

Solution:

BC is an isobaric process and temperature from
Toto T3

Heat absorbed = Q1 = Cp (T3 —T2)

CD is an adiabatic process. So no heat is
absorbed or rejected.

DA is an isochoric process.

So heat rejected = Q2 = Cv (T4 - T1) and AB is an
adiabatic process. So again, no heat is absorbed
or rejected during AB.

Net amount of heat converted to work =Q, — Q,
=Cp(T5 —T2) = Cy(Ty — Ty)

X 32 x 100 = 536/

So, efficiency
_ work done
n= heat absorbed
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Q-0
&
Cp(Ts —Ty) — Cy(Ty — Ty)
B Cp(T3 — T2)
G -T) 1T =Ty
B Cp Ts—T, Yy T3—-T,

. One mole of a monatomic ideal gas goes

through a thermodynamic cycle, as shown in
the volume versus temperature (V-T)
diagram.

The correct statement(s) is/are:

[R is the gas constant]
V

(2)Work done in this thermodynamic cycle
1-2-3-4-1)is|W|=%RT,

(b)The above thermodynamic cycle exhibits
only isochoric and adiabatic processes.

(c)The ratio of heat transfer during processes
1-2and3 - 4isQ1-2/0Q2_3 =5/3

(d)The ratio of heat transfer during processes
1-2and3 ->4isQq,2/0Q2.3=1/2

The P-V graph of the given V-T graph is given
below.

(a)Work done during cyclic process
(1-2-3-4->1)W

. po
= area enclosed in the loop = 5 Vo

Py V; RT,
. PoVo = nRT, R U]

2 2
nR TO R TO

. Work done W = = [asn=1]

(b) Process 1—2 is isobaric

Process 2— 3 is isobaric

Process 3— 4 is isobaric

Process 4 — 1 is isobaric

Hence no adiabatic process is involved.
© [AQiz | =

InC,AT|=|nC, (2T, -T,)|=|nC,T,

|AQ,-3| = |4au| = |nc,aT| = |nC, 10|
. |AQ1—>2 =C_p=§
4Q2-3 ¢ 3
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(A [AQsos| =nCy2

Q12 | _ NCpTo _ 2
| AA | - To — 1
Q3-4 ncp=}
Hence, a, c are correct.
Beginner Polytropic Process

1. An ideal gas obeys TP =constant at STP
(273 K, 1 atm). If volume of gas changes from
V to 8V, Find the final temp. of gas.

Solution:

TPY2 = constant
1/2

(D) = constan
v constan

T3/2y~1/2 = constant
T13/2V1—1/2 _ T23/2V2—1/2
(273)32(V)~V/2 = 1,%/%(8V~1/2)
(273)3/2(8)1/2 — T23/2
273 x 83 =T,
273%x2 =T,
T, = 546K

2. During an experiment, an ideal gas is found to
obey the equation P?V = constant. The gas is
initially at temperature T and volume V.

When it expands to a volume 2V, the
temperature becomes

(a)~/2T (b) T/2
(€)~/3T (d) 2T
Solution:

The answer is C.
P2V = constant

Or
RT\?
(7> V = Constant [~ PV = RT]
Or,
TZ
—= tant
v constan
Now,
Tl =T ) Vl =V
T2 =?,V2 =2V
77
V.
T22 = —2 X le
Vi
2V
— X T?
%4

3. A perfect gas is found to obey the relation
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PV®? = constant, during an adiabatic process.
If such a gas, initially at a temperature T, is
compressed adiabatically to half its initial
volume, then its final temperature will be

(@) 2T (b) 4T
() N2T (d) 2v/2T
Solution:

The answer is C

pV?/3 = Constant

nRT
TVZ/?’ = Constant

Vi3 = Constant
T = (k)V1/3
Given,pVY = constant ,y = %

TVY~1 = constant

T T(V>
>Tr=T;|—

f

lVf

2\
Vr
Tr = T(2)Y2

. Two mole diatomic ideal gas is taken through

the process PT = const. Its temperature is
increased from ToK to 2ToK . Find work done
by the system?

pT = constant

s~ p(pV) = constant (as T x pV)
or pV'/2 = constant
Comparing with pV* = constant

We have,
1
*=3
nRAT 2R(Q2T —T)
1—x 1
=3
= 4RT

5. An ideal gas mixture filled inside a balloon

expands according to the relation PV?3 =
constant. The temperature inside the balloon
is

(a) increasing (b) decreasing
(c) constant (d) can’t be said
Solution:
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Thecorrectoptionis A
PV ??® =constant

2 2 Py
V2=4‘V1:V1P1 =4V1P2 :P2=?

. PV%3 = constant ... (2)

nRT
TV #% = constant Comparing (2) with (1) we get,
1
\%zconstant y=s
v Option B
T=kv _ _ From adiabatic process, TVY~! = constant
Her-lce,OptlonAlscorr?ct. STV = TY,r 1
6. An ideal gas expands in such a way that PV? = T 1,05-1 14,705
A —_ (= = 2(=2)x(0.5) — 9
constant throughout the process. "7, \a =2 = =
(a) The graph of the process of T-V diagram is Option A and D.
a parabola. ] ] For adiabatic process,
(b) The graph of the process of T-V diagram is TV
a straight line. pyi= constant
(c) Such an expansion is possible only with 1 705
heating. Substitutingy = S we get Po5—T
(d) Such an expansion is possible only with — constant
Coo_lmg' ~ TP = constant
Solution: o ~ PT curve is not a parabola, but a hyperbola
Corre(ft option Is D. ) ~ 2. One mole of an ideal gas passes through a
From ideal gas equation, PV = nRT process where pressure and volume obey the
= VT = constant relation
= V is inversely proportional to T LIV Y
=expansion causes increase in V P=P {1—5(#’) } . Here Po and Vo are
=it leads to decrease in T
=gas is cooled constants. Calculate the_ c_harge in the
Expert Polytropic Process temperature of the gas if its volume changes
- . - ; from V, to 2Vo.
1. During an experiment, an ideal gas is found to
Perime . 1RV, 5 PV,
obey a condition VP2 = constant. The gas is @ = (b) ——=
o 2 R 4 R
initially at a temperature T, pressure P and
volume V. The gas expands to volume 4V. (c) 3 RVo (d) 1RV
4 R 4 R
(@) The pressure of gas changes to g Solution:

(b)The temperature of gas changes to 4T (b) We have given,

(c)The graph of above process on the P-T P_p 1_1(\&J2
diagram is parabola % o2\v
(d)The graph of above process on the P-T When Vi = Vo
diagram is hyperbola.
. 1| R
Solution: P =P, 1—5 =
Correct option is A and D.
When V, = 2Vo

During an adiabatic process PVY =

constant ... (1) P =P {1_E(EH Z(B)
Given, © 2\ 4 8

VP2 = constant RV, PV,

AT =T,-T, =
nR nR

{_.T :ﬂ}
nR

V1P12 = VZPZZ = constant
Given,
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1 dr M L, 1
AT = ‘[EJ(F’M -PV,) - gf—Dp Cnpn—1 (—=pg)
—Mg(n—1)
- nR

(1)[(RV, 7RV,
“{nR 2 4

2. An ideal gas is taken through a process in
which the pressure and the volume are

— 5|:)OVO _ 5|:)OVO ( ‘n _1)

" 4nR 4R T changed according to the equation P = KV.
3. A rigid diatomic ideal gas undergoes an Show that the molar heat capacity of the gas

adiabatic process at room temperature. The for the process is given by C = Cy +R/2.

relation between temperature and volume for Solution: _ _

this process is TV* = constant, then x is: For the gas work done will be given by

@ > (b) 2 W—f PdV = kadV— k V-’

5 5 Bl B B 2
2 5 Also, since P = kV

© 3 @3 y _ PaVa = PiVi _ nRAT
Solution: _ 2 2 _

(b) Equation of adiabatic change is Also, internal energy change will be

TVrl = constant AU = nCyAT

7 7 Since
Putyzg,weget:}/—lzg—l AU:Q+W
R
axo2 Q = nCAT = AU =W = nCyAT + 5 nAT
> R

Pro Polytropic Process C=0C+ 2
1. Suppose the pressure P and the density p of 3. The volume of one mole of an ideal gas with

air are related as P/p = constant regardless of the adiabatic exponent y is varied according to

height (n is constant here). Find the

(04 . .
. . the law V ==, where a is a constant. Find the
corresponding temperature gradient. (Take v T’

average molecular weight of air = M) amount of heat obtained by the gas in this
Solution: process if the gas temperature increased by A
We have, T.
dp Solution:
=P @ nRAT
AU =
But, r-1
fromp = Cp™(where C is a const) dp nRT
p=_Lp dh W:IpdV ZI—dV

= Cnp™! v
We have from gas low B I nRT (—adT)

_ R, o Jfa) T?
p—pM , so using (2) T
Cp”=p£.T 01'T=%Cp"_1 T+AT

M R =—nR [ dT =-nRAT

Thus, 7
dT _ M n-2 1 2-r
%—E-C(n—l)p (3) Q=AU +W:nRAT(Tl—1j=nRAT.T
B . .

ut 4. Demonstrate that the process in which the
dT dT dp dp . .
=z work performed by an ideal gas is
gh dp dp dh proportional to the corresponding increment

0,
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of its internal energy is described by the
equation pV" = const, where n is a constant.

Solution:

dw= pdv=$dv (i)

NRAT .
du =

r-1 (”)
wocU (given)

= dwoc dU = dw=Kk,dU
NRTdv nRdAT
v r-1

dv dT
==k [==
v 2J‘T

= (nV =k, /nT +k,

= (nV =k,/n(k,T)

=v=k,T* :v:k{EJ
nR

Vi _ g Vo ﬂ
nR

17k, -1

=V

= p=kyVv

L
k
= pv ? =K

= pv" = constant

. One mole of argon is expanded polytropically,
the polytropic constant being n = 1.50. In the
process, the gas temperature changes by AT =
-26 K. Find :
(a) The amount of heat obtained by the gas;
(b) The work performed by the gas.

Solution:

(@ Q=n,CAT

For a polytrophic process,
pv" = const

C= R[i —il}(derived in2.45)

6. An ideal gas whose adiabatic exponent equals

y is expanded according to the law p=aV ,

where a is a constant. The initial volume of the
gas is equal to V. As a result of expansion the
volume increases 7 times. Find:

(a) the increment of the internal energy of the
gas;

(b) the work performed by the gas;

(c) the molar heat capacity of the gas in the
process.

Solution:

For PV" = const

C:R[L_L}
r-1 n-1
__N,RAT

~ n-1
Polytropic process:

pv ' =a = pv" = const

finding AT

nRT \
— |V =a
v

T IF

Vg (77\/0 )2
=T, =nT,

AT =T, -T, =(772 —1)T0

_ (772 _1) PoVo _ (772 —1)0{V§

R mR
(a) AU ZnORAT
r-1
(D)
o or-1
n,RAT
b — 0
(b) —
(772 —1)av§
n-1
1 1
¢c)c=R| ——-———
© L—l n—J

. One mole of an ideal gas whose adiabatic

exponent equals ¥ undergoes a process in

which the gas pressure relates to the
temperature as p=aT”, whereaand a are

constants. Find:
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(a) The work performed by the gas if its 1 1
temperature gets an increment AT ; C=R -1 n-1
(b) The molar heat capacity of the gas in this

process; at what value of « will the heat W=— N,RAT
capacity be negative? n-1
Solution: U=av”
For PV" = const RT
C=R 11 r-1
r-1 n-1
ﬂ —av®
_ n, RAT r-1 B
n-1 . Process is :
p=aT” pvi“ = const
—p= a( ij n=1-«
nR n RAT
. (@ w=—=2
". process is: n-1
2 r-1 1-r
pvet =const =— N,RAT =( )=AU ( )
a-1 n-1 n-1
_ (24
=n=-= AU (1-r) :(r—l)AU
nRAT (1-a-1) a
@ w=—"" 11
nRATn_ (b)CZR[ 1 1}
S (1-a)n,RAT L e
o 4 9. An ideal gas has an adiabatic exponent y . In
a-1 some process its molar heat capacity varies as
R R o . .
(b) c=—r- C ==, where a is a constant, Find :
r-1 a _1 T
a-1 (a) The work performed by one mole of the
_ R (¢ -1)R gas during its heating from the temperature
r-1 T, to the temperature n times higher;
c<0if,<a-1 (b) The equation of the process in the
; variables p, V.
:oz<—1 Solution:
- n,CdT =n,C,dT + pdV
pdVv
. . . . A)C=C, +
8. An ideal gas with the adiabatic exponent » ) " ondT
undergoes a process in which its internal pdV
energy relates to the volume as U =aVv*“*, T =G, + T
where a and o are constants. Find: o
(a) The work performed by the gas and the J‘ pdv = j [_ _ jd'r
amount of heat to be transferred to this gas to
increase its internal energy by AU ; R
(b) The molar heat capacity of the gas in this = Ww=alny ——1T (7-1)
process.
Solution:

For PV" = const

Explore more at www.ph



Adaptive Problems Book in Physics (Vol. 14) Thermodynamics

:—%—C\,énT:RlnnV+k

_a_R_ R /n pv
pv. r-1 R
=Rink'V

1

= (ne * +n (HJH
R

=(n(k'v)
= ML = const
e™ pv

10. One mole of an ideal gas whose pressure

changes with volume as P = aV, where P is
n

a constant, is expanded so that its volume
increase 1 times. Find the change in internal
energy and heat capacity of the gas.

Solution:

Let V be the initial volume of the gas, it
expanded to a volume pV. The work done in
this process is given by

nv nv V1™
W=f PdV=f anV=a[—]
v v 21,

The pressure of the gas varies volume as
P=aV
So, the initial and final pressure will be aVand
naV. The change in internal energy is given by
R(Ty —T) _ PeVy —PVi

y—1 y—1

2 2 2 2

n‘alVs —aV aV

= = (172 — 1)
y—1 y—1

The heat exchange in this process is given by

Q=U+W
2 av2
(n*—-1) +T(772 -1)

dU = nCydT =

aV
y—1
aV? y+1
=—m2-1)|——
Y )y_l]

Hence,
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P;V; _ aV?
""" mR nR
And
Pfo _ ,leC(VZ

f=R ~ nR
Now heat capacity,

C = Y

Tr —T;

1 aV? +1
C = —(7]2 - 1) {_]/ }]

nR aV? +1
- o - ni—]
aV?(u?-1)| 2 y—1
_nR y+1]
2 1ly—-1
Hence,n=1

11. A gas undergoes a process in which the
pressure and volume are related by VP" =
constant. Find the bulk modulus of the gas.
The correct answer is.

AP

AV

For this process = VP" =k

Bulk modulus f§ = —

1
PVn =k
Differentiating this we get,

1.1, 1
PEVn +Vn=0

L, AP _ -1
AV n
| ar| P
dvl T n

12. An ideal gas has a molar heat capacity Cv at

constant volume. Find the molar heat

capacity of this gas as a function of volume, if

the gas undergoes the process: T = Toe®".
Solution:
The process is givenas T = T,e%”
Differentiating we get  dT = T,e*VdV
dT

:WzocT (1)

Using 1%t law of thermodynamics,

dQ =dU + adw

Where

AU = CyAT and dW = PdV  and AQ
= CAT

« CAT = CyAT + PaV

Or




Adaptive Problems Book in Physics (Vol. 14) Thermodynamics

c=C +PdV
S vVdr
1
>C=C/+PX— 1
vt oT ey
From ideal gas equation:
P_R ) . .
T-V in equation ,we ge
R
C:CV+_

aV
13. An ideal gas, whose adiabatic exponent is

equal to vy, is expanded so that the amount of

heat transferred to the gas is equal to the

decrease of internal energy. Find

(a) The molar heat capacity of the gas in this

process

(b) The equation of the process in the

variables T,V;

(c) The work performed by one mole of the

gas when its volume increases times if the

initial temperature of the gas is To.
Solution:(a)

vR
AU = yTlAT and Q = VC,AT

Where C, is the molar heat capacity in the
process. It is given that

Q =-AU
So,

R R
CnAT = )/TIAT or Cn = m
(b)
By the first law of thermodynamics,
dQ =dU + dA,
or,2dQ = dA(as dQ = dU)

2Rv

2V CpdT = pdV ,or = 1dT+pdV =0
So,
dT y—1dV
_— e (}/—1)/2 —
T + >V 0,orTV constant
()
We know,

n—y)R
c o= (n—vy)

T -D-D
But from part (a), we have

C o= R
Thus

R  (n—y)R
y—-1 (-DF-1D
Which yields

1+y
n=-—-

2
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From part (b) we know
TV ~D/2 = constant

So,

(y-1)/2
To _ (K) = nr-1/2
T~ \V,

(Where T is the final temperature)

Work done by the gas for one mole is given by

(To —T) 2RTo[1—n0r~b72]

n—-1 y—1

14. A gas is enclosed in a cylinder with a
movable frictionless piston. Its initial
thermodynamic state at pressure P; = 10> Pa
and volume V; = 10~3m3 changes to a final
state at Py = (1/32) x10° Pa and V = 8x

10~-3m3 in an adiabatic quasi-static process,
such that P3V> = constant. Consider another
thermodynamic process that brings the
system from the same initial state to the same
final state in two steps: an isobaric expansion
at P; followed by an isochoric (isovolumetric)
process at volumeV . The amount of heat
supplied to the system in the two-step process
is approximately

A=R

(@) 112 J (b) 294 J
(c) 588 J (d) 813 J
Solution:

(c) - PV" = constant

P3V5 = constant — PV5/3 =constant . y =
5/3

For the two step process

W=p (V; — V; ) =10%(7x 1073%) =

7 x 102]

-r —_py)=-"(1 2 _ 102
AU =L(pr vy = PV;) = (5% 102~ 10?)
AU =322 x102= —210?]

2 4 8
From first law of threnody mimics
Q-W=AU
9 47
Q=7 x10> —=x10?> = —x 10?]
8 8
= 588 ]

Beginner Molar Heat Capacities

1. For an ideal gas, the heat capacity at constant
pressure is larger than that at constant
volume because
(a) Positive work is done during expansion of
the gas by the external pressure
(b) Positive work is done during expansion by
the gas against external pressure
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(c) Positive work is done during expansion by
the gas against intermolecular forces of
attraction
(d) More collisions occur per unit time when
volume is kept constant.
Solution:

Correct option is B
When heat is supplied at constant volume,
temperature increases accordingly to the ideal
gas equation.

nRT

%4

As V is constant and T is increasing, pressure
will also increase.
Than at constant pressure as temperature is
increase volume increases, resulting in expansion
of the gas, resulting in positive work, Hence the
heat given is used up for expansion and then to
increase the internal energy, the heat capacity at
constant pressure is larger.

2. If molar heat capacity of the given process (as

shown in figure) is C, then

|/

A"
(@)C<Cy (b)C=0
(cC>Cv (dC=Cy
Solution:

Correct option is C.

C — Cy = R[Mayer'sformulal]
So,

C=R+Cy

Therefore,C > Cy,

3. 1f 32 gm of 02 at 27°C is mixed with 64 gm of
02 at 327°C in an adiabatic vessel, then the final
temperature of the mixture will be:

(a) 200°C (b) 227°C
(c) 314.5°C (d) 235.5°C
Solution: (b)
nfRT, | n,fRT, _ (ny+n,)fRT;
2 2 2
1x300 N 2x600 _ 3xT
2 2 2
T =500 K

4. During an adiabatic process, the pressure of a
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gas is found to be proportional to the cube of its
temperature. The ratio of Cp/Cy for the gas is
equal to:

4
@ 3 (b) 2
5 3
c) = d) =
OF Ok
Solution:
As per the question;
=Po (PV)

= P?V? = costant

3
= PVA = costant

3 _C 3
Sy=-—>—F—=—
2 C, 2

5. The molar heat capacity in case of a diatomic

gas if it does a work of %When heat Q is

supplied to it is:

2 5
a) =R b) =R
@ (b)
10 6
c) —R d) =R
© 3 OF
2(dU
duchdT:PR]dTordT:M ........ )
2 5R
From the first law of thermodynamics,
dU =dQ =dw
_o 2.
=0y
Now molar heat capacity,
ng_(?:z(dgu B SZQ - 3F
(dV) Z(Q) 3
5R 4

6. P-V diagram of a diatomic gas is a straight
line passing through origin. The molar heat
capacity of the gas in the process will be -

(a) 4R (b) 2.5 R
© 3R @3
Solution: (c)

P-V diagram of the gas is a straight line passing through
origin.
Hence, P o« V or PV = constant

Molar heat capacity in the process PV? = constant is

C= R +i; Here y=1.4 (For diatomic gas)
y-1 1-X
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- R R cow
14-1 1+1

7. The molar specific heat at a constant pressure

of an ideal gas is %R . The ratio of specific

heat at constant pressure to that at constant
volume is:

@ ; ®) 2

© 2 @ 2

Solution:
Hint: Use Mayer's formula. Step 1: Find the value of
Cv.
We have given molar specific heat at constant

7R
pressure, C, :7

Mayor's relation can be written as:
C,-C, =R

=C,=C,-R

_R_R.R
2 2

Step 2: Find the ratio of C, and C..
7

C
Hence, the required ratio, y = —*=—
Cv 5

8. Equal moles of monoatomic and diatomic

. : : Cy
gases are mixed, y for mixtureis | y= o
\Y

(@15 (b) 1
(c)2 (d) 1.67
Solution:
nlc\,1 +n2C\,2
Y (ng+ny)
_ N Cp +n,Cp,
P (ny+n,)

CP
y=—=15
CV
9. An ideal gas expands according to the law
PVvZ = const. The molar heat capacity C is
(@ cy +R (b) Cy -R
(c) Cy +2R (d) Cy -3R

Solution: PV" = constt.
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Y 1-2  {:PV2=constt}

10. The pressure of a monoatomic gas increases
linearly from 4x10°N/m? to 8x10°N / m? when

its volume increases from 0.2 m* to 0.5 m®.
The molar heat capacity of the gas is:
[R =8.31 J/mol k]
(@) 20.1 J/mol K
(c) 18.14 J/mol K
Solution:
Molar heat capacity is defined as:
_AQ  AQxR
AT PV -PV,

(b) 17.14 J/mol K
(d) 20.14 J/mol K

_ 6.6x10°x8.31
10°(8x0.5—-4x0.2)

ie.C :% =17.14 J/ mol K

11. A reversible adiabatic path on a P-V diagram
for an ideal gas passes through state A where
P=0.7x10° N/ m? and v = 0.0049 m3. The
ratio of specific heat of the gas is 1.4. The
slope of path at Ais :
(a) 2.0 x 107 Nm-5
5
(c)— 2.0 x 107 Nm-5
Nm-5

Solution:

Correct option is C
For reversible adiabat,

(b) 1.0 x 107 Nm-—

(d) —1.0 x 107

d
PvY = constant = vdP + Pydv =0 = T
yP
v

For

P =0.7x10°Nm~2,v = 0.0049m3,y = 1.4

1.4 % 0.7 X 10°Nm ™2
0.0049m3

required slope = —

= —-2X10’Nm™>

12. One mole of a gas mixture is heated under
constant pressure, and heat required AQ is
plotted against temperature difference
acquired. Find the value of y for mixture.




Adaptive Problems Book in Physics (Vol. 14) Thermodynamics

AQ

2500J -----7

100K AT

Solution:

Q=AU+W =n£RAT+nRAT

Q=(1+£)RnAT=>—2500=(—1+f)R:f
2 100 2
=4
2 3

13. Ideal diatomic gas is taken through a process
AQ =2AU. Find the molar heat capacity for
the process (where AQ is the heat supplied
and AU is change in internal energy)

Solution:
Let C be the molar heat capacity of this gas.
~ AQ = nCAT
And we know
AU = nCyAT
& AQ = 2AU
&~ nCAT = 2nCyAT

5
=>C=2CV=2(ER)=5R

Expert Molar Heat Capacities

1. 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:

3R
()8 (b) <
() 2R (d)25R

Solution:
Hint: The molar specific heat of the mixture at
L n,C, +n,C
constant volume is given as C.(miyure) = ﬁ
Step 1: Use the above relation.
c o _ n,C, +n,C,
v(mixture) n,+n,

Step 2: Calculate Cy of individual gases
For monoatomic gas,
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3R

)]

2
R
Cy, = E)
Step 3 : Calculate C,,, mix.
Hence
3R SR

C,,mix = % =2R
2. One mole of a monoatomic ideal gas
undergoes the process A — Bin the given , V

diagram. The molar heat capacity for this

process is
4 P
6Py 5
A — i
3pgf ! ]
0 Y
3R 13R
() > (b) ry
(©) % (d) 2R

Solution: W, _, 5 = Area under p — v diagram

=4V, x3p,y + %4v0 x3pg = 18PV,

- AU =nC,AT
:1%R(TB _TA)
_ 3 R 30RVy 3PV _ 8_1POVO
2 R R 2
=18RP)V, = % PV,
Molar heat capacity, C = AQ
nAt
_117PV, /2
~ 30R,V, 3RV
R R
_117PVp /2 13R
- 2TRV, 6
R

3. One mole of an ideal monoatomic gas
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undergoes a process as shown in the figure.
Find the molar specific heat of the gas in the

process.
Solution:
From the graph shown,
TV = K = constant — — — (1)

For a polytropic process,

PV™ = constant

nRT
TV’" = constant

TV™ 1 = constant — — — —(2)
On computing (1) and (2)
m—1=1

A%

==

m=2
For monoatomic gas,
5
V=3
Molar specific heat capacity of the gas in
polytropic process is given as
R R

C=——+——

y—1 1-m

Pro Molar Heat Capacities

1. An ideal monoatomic gas undergoes a process
where its pressure is inversely proportional to
its temperature.

(a) Calculate the specific heat for the process.
(b) Find the work done by two moles of gas if
the temperature changes from Ty to To.

Solution:

(@)

p T or pT = constant

=~ p(pV) = constant
or pV'/? = constant
In the process, pV* = constant
Molar heat capacity is
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Thermodynamics

—3R+2R—7R
T2 2

(b)
W = Q — AU = nCAT — nCy, AT
=n(C — Cy)AT

7 3
=2 [ER —ER] (T, —T,)
=4R(T, — T)

2. A mixture of 4 gm helium and 28 gm of
nitrogen in enclosed in a vessel of constant
volume 300°K. Find the quantity of heat
absorbed by the mixture to double the root

mean velocity of its molecules. (R = Universal
gas constant)

Given,
T = 300K
V=2V
Root mean square velocity
- 3RT
M
4 _ T’
v T

v T
v 300

T' = 1200K

Number of moles He,
4

ny = Z =1

Number of moles Na,
28

n, = % =1

Total number of moles

n=1+1=2

For Helium,
3

CV = ER

For Nitrogen,
5

CV = ER

Specific heat capacity of the mixture
_n1XCV1+Tl2XCV2
v nq + n,

Cy = 2R

Net heat absorbed at constant volume
Qv =nCy(T' = T)

& Qy =2 X% 2R(1200 — 300) = 3600R
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3. Calculate the value of y = Cp/Cv for a

gaseous mixture consisting of vy = 2.0 moles of
oxygen and v, =3.0 moles of carbon dioxide.
The gases are assumed to be ideal.
Solution:
Method 1:
Umix =U1 +U2
(n,+n )—RT
R ]
_MRT | n,RT
nr-1 r-1
nr(r,-1)+n,r,(r,-1
=r= 1 l( 2 ) 2 2( 1 )
n(r,—1)+n,(r,-1)

Method 2:
_ nCv, +n,Cy,

n-1 r-1

— nlrl(rZ—l) + n2 r2 (rl—l)
n (rZ—l) +n, (r171)

4. Find the specific heat capacities ¢y and ¢, for a
gaseous mixture consisting of 7.0 g of nitrogen
and 20 g of argon. The gases are assumed to
be ideal.

Solution:

r-1 r-1

n +n,

=15.2J / mol —k

r-1 r-1
n, +n,

C =

\%

C =

p

=23.8J /mol —k
Specific heat capacities:

. C
- _042J)/g-k
CV Mmix g
. C,
szMmiX=0.66J/g—k
Mo =t my
™ n+n,
7420 27
=7 20-1 1%
28 40 4 2

5. Find the molar heat capacity of an ideal gas in
a polytropic process pV" = const if the
adiabatic exponent of the gas is equal to y . At

what values of the polytropic constant n will

the heat capacity of the gas be negative?
Solution:

A. For a polytropic process of, pV" = const

o R(L-T,)
n-1
also, AU =—nOR(T2 1)
r-1
Q=AU +w
= nOC(T2 —Tl)

_MR(T,-T)  -nR(T,-T))

r-1 n-1
1 1
=C= R[E—E}
=D (i)
B. From 1:

c<0oif2=" <o
n-1

=l<n<y

6. In a certain polytropic process the volume of
argon was increased « = 4.0 times.
Simultaneously, the pressure decreased g =
8.0 times. Find the molar heat capacity of
argon in this process, assuming the gas to be
ideal.

Solution:
V—aV

p>L

B

Let the process be:
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Pv" = constant

e

—n-nB
/na
We derived ,

CZR[L_L}
r-1 n-1

L C_R 1 Ina
r-1 mmpg-Ina

7. An ideal gas has a molar heat capacity C, at
constant volume. Find the molar heat capacity
of this gas as a function of its volume V, if the
gas undergoes the following process:

(@ T =T,

(b) p=pe”
where Ty, po, and a are constants,
Solution:
dQ =dU +dw
= n,Cdt =n,C,dT + pdV
~c=c,+ PV
n,dT
AT=Te"
ar =T,ae”
dv
~c=c, J{nORTJ dv
v )n,dT

UV Tae” v

8. One mole of an ideal gas whose adiabatic
exponent equals y undergoes a process p = po
+ a IV, where poand « are positive
constants. Find:
(a) Heat capacity of the gas as a function of its
volume;
(b) The internal energy increment of the gas,
the work performed by it, and the amount of
heat transferred to the gas, if its volume
increased from Vi to V.

Solution:

dQ =dU +dw
n,RAT

pdVv
n,dT

= n,CdT =

+ pdV

:C:iJr
r-1

(24

Ap=p+—

v

=n,RT =(pO +g]v
v

= n,RAT = p,dV

:i+R 1+i
r-1 [SAY

Hence, C=i+R(1+ @ j
7/_1 pov

Finding, AT

a
P=P+—

v
N RT = pV +a
n,RAT = p,Av

Po (Vz _Vl)
n,R

AT =

Po (Vz _Vl)
r-1

W:J.pdv::f(p(ﬁ%jdv

B. AU =n,C AT =

Q=AU +w

9. One mole of an ideal gas with heat capacity at

constant pressure Cp undergoes the process T
=To+ a V, where Ty and a are constants.
Find:

(a) Heat capacity of the gas as a function of its
volume;

(b) The amount of heat transferred to the gas,
if its volume increased from V, to V.

Explore more at www.ph
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A. n,CdT =n,C,dT + pdv

C=Cp-R+PI
n,dT
R(T
:>C=Cp_R+M

vn,a

:Cp—R+R(T—°+1j

av
=Cp+ Rl

av
B.dQ=n,C dT

dQ = nO(Cp)+ﬂ

av
Q= nOaJ[Cp+%jdv

=n,Cpa (v, —Vv,)+n, RTOKn\\//—2

1

10. For the case of an ideal gas find the equation

of the process (in the variables T, V) in which
the molar heat capacity varies as:

(@ C=C,+aT;

(b) C=C, +4T;

(c) C=C, +ap

Where «, # and a are constants.

Solution:

n,CdT =n,CvdT + pdV

pdVv
n,dT

=C=C,+——

pdv
" n,dT

:(nORTj dv T
vV )n,dT

dv
R|—=«aldT
J7=el

= nRV =aT +k (constant)

=al

=BV
ndTﬂ

n,RT ) dv
= pv
:{ v )nOdT P

pdv
——=4a
n,dT P

[dv=an, [dT

V =an,T +k

11. The pressure of an ideal gas changes with
volumes as P = aV where 'a’ is a constant.
One moles of this gas is expanded to 3 times
its original volume V,. Find
(a)The heat transferred in the process
(b)The heat capacity of the gas.

Solution:
Vr Ve
AW = PdV = j avdV

Vi

[aVZ]Vf avy® — aV2

P
(Vf) v® (Vi)l
2
(e=7=7)
A7
P:Vs — PV, nRAT
Ve — PiV;
AW = -
2 2
nR
AU = nCyAT = ——— AT

AQ = AW + AU

_nRAT "R AT RAT[ + ]

=g Ty A et
nRAT (y +1

L) o
2 \y—-1

We know P = Av

nRT aV?
—=aVl =T =——

8aV,?

~ AT = R ————(2)
Substituting (2) in (1)
Thus

_R 8aVy? iy +1 _(r+1 2
ac R (y—l)_(y—1)4aVO
(b) C —>heat capacity of gas
So,
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AQ = nCAT
Using (i) we get
CAT = nRAT (y + 1)
e
e~ (=92
2
Beginner 2" |_aw — Heat Engine

1. A cannot engine whose low temperature

reservoir is at 7°C has an efficiency of 50%. It

is desired to increase its efficiency to 70%. By
how many degrees should the temperature of
high temp. reservoir be increased?

(a) 840 k (b) 560 k
(c) 280 k (d) 380 k
Solution:
The answer is D.
Initially
T, —T, T, — (273 +7)
n= >05=—-—7-
Ty Ty
1 B2 seok
72
Finally
T, — T, T, — (273 +7)
n' = — = 0.7 = -
Ty Ty
= Tl' = 933K

Increase in temperature
= 933 — 560 = 373K = 380K

2. An ideal gas heat engine operates in a
Carnot's cycle between 227°C and 127°C . It
absorbs 6 x 10* J at high temperature. The
amount of heat converted into work is.
(@) 4.8 x 10*J (b) 3.5x10%J
(c) 1.6 x 10*J (d) 1.2 x10*J

Solution:
The answer is D.
T, 400 1 W
L )
1 W
5 Q
=§=§x104 1.2 x 10%)

3. An ideal heat engine exhausting heat at 77°C

is to have a 30% efficiency. It must take heat
at

(a) 127°C (b) 227°C
(¢) 327°C (d) 673°C
Solution:
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The answer is B.

We know,

30 77 + 273
S—=1-—

100 T,

350 _ 3

T, 10

350 x 10

=T, = ———— = 500K

Or, it must take heat at 500 — 273 = 227°C
4. Efficiency of Carnot engine is 100% if

(@) T2=273K (b) T2=0k
() T1=273K d)T:=0K
Solution:

The correct answer is B.
T.
n=1- T_2 for 100% ef ficiency
1

n = 1 which gives T, = 0K

5. A Carnot's engine used first an ideal
monoatomic gas then an ideal diatomic gas. If
the source and sink temperature are 411°C
and 69°C respectively and the engine extracts
1000 J of heat in each cycle, then area
enclosed by the PV diagram is

(a) 100 J (b) 300 J
(c) 500 J (d) 700 J
Solution:

The correct answer is C.

T, 273 + 69
T (273 + 411) -
work done =n X Q = 0.5 x 1000 = 500/

6. A Carnot engine absorbs an amount Q of heat
from a reservoir at an absolute temperature T
and rejects heat to a sink at a temperature of
T/3. The amount of heat rejected is

(@Q/4 (b)Q/3
(©Q/2 (d)2Q/3

Solution:

The correct answer is B.

o W

B PR

Where Q: = heat absorbed , Q, = heat rejected

T/3 W

T O
W_u-0
%

=>1-
2
3
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2 Q2 Q2 1 _ Q0

> —===2Q,=—===

3 Qi 0@ 3 3 3
7. 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
Solution:
The correct answer is C.
T, 25 300 1 300
77 = —_—_— — = —_——_— —_
T, 100 T, 4 T,

T, = 400K = 127°C
8. The temperature of reservoir of Carnot's
engine operating with an efficiency of 70% is
1000K. The temperature of its sink is
(a) 300 K (b) 400 K
(c) 500 K (d) 700 K
Solution:
The correct answer is A.
T, 70 T,
n= 1—-——=—=1-
T, 100 1000
9. A thermodynamic cycle takes in heat energy
at a high temperature and rejects energy at a
lower temperature. If the amount of energy
rejected at the low temperature is 3 times the
amount of work done by the cycle, the
efficiency of the cycle is

= T, = 300K

(@) 0.25 (b) 0.33
(c) 0.67 (d)0.9
Solution:

Correct option is A.
Let heat taken be Q1, heat rejected be Q, and
work done be W
Then
Q3 = 3W
Also,
Q=0 +W
Q= 4w
Efficiency of cycle
= work done/heat taken

w —1—025
aw 4

10. In a cycle ABCA consisting of isothermal
expansion AB, isobaric compression BC and

adiabatic compression CA, find the efficiency

of cycle (Given: TA=TB =400 K, y =1.5)
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Pl...A
By
Vo 2V, %
Solution:
Vy =V, Ty = 400K
. 400nR
. Py = 7
At B
400nR
Vg = 2V, , Ty = 400K, Py = 20
AtC
Ve T2 p = 400nR
Cc 2 ic e ZVO
AC is adiabatic process
PVY = constant
1
Ve = (%)V Va = (2)%5170 = Ve = 2273y,
_ PV

¢ == =400 x (2)71/3
From process AB
AU =0
2V,
AQ = AW = nR X (400) X In (V_>
0
=400nRIn2

For process BC

nR
AU = nCyAT = x [400(2)~%/3 — 400]

y—1
= —2 X 400nR(1 —271/3)
nyR

AQ = nCpAT = — 1% 400[1 — 271/3]

= —3 X 400nR|[1 — 271/3]

AW = —400nR[1 — 271/3]

For process AC

AQ =0

AU = nCyAT = 2 x 400nR[1 — 271/3]
AW = —AU = —2 x 400nR[1 — 27%/3]
Qreleased

Efficiency (e) =1 —
Qabsorbed

3 X 400nR[1 — 271/3]

B 400nR In 2

) 3(1—2713)
B In 2

11. An engine operates by taking a monatomic
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ideal gas through the cycle shown in the
figure. The percentage efficiency of the
engine is close to

3P+ B_5 C
2P5+ ¥ L 2
PO 4 A < D
\"vo 2\—0
(@) 19 (b) 16
(c)8 (d)4
Solution:
(@
AP
B C
3Py [ >
P fpremmmmeeeeees i & D

A 277
From the figure,

Work, W = 2PyVy

Heat given, Qin = Wag + Wac
=n-C, AT, +NC AT,

3R n5R
= n7(TB —TA)+T(TC _TB)

( C, = 3R and Cp = ﬁj
2 2

3 5
= (RVs =RV, )+ (RVe Vi)

=§xpm%—%wj+gm&%—3W%]

=3PV, +%Pov0 = 2?1 PV,
- W 2RV, 4
Efficiency, n=—=-">2=—
? 0vo0
% =39 _1q
21

12. A heat engine is involved with exchange of

heat 0of 1915 J,-40J, +125Jand - Q J,
during one cycle achieving an efficiency of
50.0%. The value of Q is:

(a) 640J (b) 40

(c) 980J (d) 4009

Workdone W
Heatabsorbed > Q

_Q+Q+QQ
Q]_ +Q3

Here, Q1 = 1915 J, Q, = — 40 J and Qs = 125 J

. 1915-40+125+Q, _

B 1915+125

1915 — 40 + 125 + Q4 = 1020

Qs = 1020 — 2000

Qs=-Q=-9801

Q=980

(c) Efficiency, n =

13. A Carnot engine having an efficiency of % 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:

(@) 99J (b) 100J
(c)1J (d) 90J
Solution:
(d) For carnot refrigerator
Efficiency = Q-Q
1
Where,

Q1 = heat lost from surrounding

Q2 = heat absorbed from reservoir at low
temperature.

Also,uzﬂ
Ql Ql

1 w

10 Q

Qi=wx10=100J

SO, Ql—Q2=W

Q:2=Q1—-w

100-10=Q.=901J

14. A Carnot engine operates between two

reservoirs of temperatures 900 K and 300 K.
The engine performs 1200 J of work per
cycle. The heat energy (in J) delivered by the
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engine to the low temperature reservoir, in a
cycle, is
Solution:
Given;
T1=900 K, T, =300K, W =12001J
Using, 1— T—2 = ﬂ
Tl Ql
300 _ 1200
900 Q,
2 1200

3 Q

Q1 =1800

Therefore heat energy delivered by the engine
to the low temperature reservoir, Q, = Q1 — W =
1800 — 1200 = 600 J

15. The efficiency of a Carnot engine depends
upon
(a) The temperature of the sink only
(b) The temperatures of the source and sink
(c) The volume of the cylinder of the engine
(d) The temperature of the source only
Solution:
(b) Efficiency of Carnot engine is given as
1k
n T,
where, T, = temperature of sink
and T1 = temperature of source.
Hence, n depends upon the temperature of
source and sink both.

Expert 2" Law — Heat Engine

1. The efficiency of an ideal heat engine working
between the freezing point and boiling point of
water, is

(@) 6.25% (b) 20%
(c) 26.8% (d) 12.5%
Solution:
(c) Efficiency of an ideal heat engine is given as
T
—1--2
n T,

Where, T1 is the temperature of the source and T»
is the temperature of the sink.

Here, T, =100+ 273 = 373K
T,=0+273=273K

_1_ 213
373
= 373-213 = 100 =0.268
373 373

=M% =0.268 x 100 =26.8%
2. A Carnot engine having an efficiency of % 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

(@1J (b)90J
(c)99J (d) 100 J
Solution:

Consider schematic diagram for a Carnot engine
as shown below.

LT3 *= Low temperature

reservoir
q,

— ()
q
High temperature

|—Tj “reservoir

In case of engine,

work w

Engine efficiency = Teatabsorbed q_
1

W1
T, 10
10 1

@ =10 orqg:=1001J
When this engine is reversed, it takes in work W
and heat gz from cold reservoir and ejects 100 J
of heat to hot reservoir.

W+ J2= 01
10+92=1000rqg.=901J

3. An engine operates by taking n moles of an
ideal gas through the cycle ABCDA shown in
figure. The thermal efficiency of the engine is :
(Take Cy =1.5 R, where R is gas constant)

B C
2p, |- >
! b1
Py [ D
Vo 2V,
V—
(a) 0.24 (b) 0.15
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(c)0.32 (d) 0.08 5.
Solution: pf\
(b) Work-done (W) = PoVo 5 A B
According to principle of calorimetry L
Heat given = Qag = Qsc
=nCvdTag + NCpdTac Pofp==mmmmmn- D ] EC
— 3(nRT, —nRT, )+ 2(nRT, —nRT, H N
2 ( B A ) 2 ( c B ) v, 2\-’0 v rg
= §(2|:>Ov0 —BV,)+ §(4P0Vo —2RV) = 3 PV, The above p-v diagram represents the
2 2 2 thermodynamic cycle of an engine, operating
Thermal efficiency of engine with an ideal monatomic gas. The amount of
(7)= Wo_2_ 015 heat, extracted from the source in a single
Qgiven 13 cycle is
(@) povo (b) (%j Yo
4. A Carnot engine absorbs 1000 J of heat 11
energy from a reservoir at 127°C and rejects ©) (_j PoVo (d) 4povo

600 J of heat energy during each cycle. The

efficiency of engine and temperature of sink

Heat is extracted from the source would be in

will be: path DA and AB
(@) 20% and - 43°C (b) 40% and — 33°C A '
(c) 50% and —20°C (d) 70% and — 10°C p A B
Solution: 2pgfeeeeeees
(b) Given: Q1 =1000J Pl
Q2=6001J ’ D ¢
T1=127°C =400 K : : >
T,=? ) Vo 2v, ¥
n=>2 Thus heat supplied
Efficiency of carnot engine, =NnCv(2To-To)+NCp(4To-To)
W 3nRT, 5nR(2T,)
= — 0, +
n 1 x100% > 5
13nRT, 13
or, =" 1000 =T T v
"7Q
' 6. Two ideal Carnot engines operate in cascade
or, n= MxlOO% (all heat given up by one engine is used by the
00 other engine to produce work) between
n=40% temperatures, T1 and T,. The temperature of
Now. for carnot cvele QT the hot reservoir of the first engine is T1 and
' y X B T, the temperature of the cold reservoir of the
60 T second engine is T». T is temperature of the
1000 = 4#020 sink of first engine which is also the source for
the second engine. How is T related to T, and
T, = 600400 T, if both the engines perform equal amount
1000 of work ?
=240 K oTT
=240 - 273 @T=—>> (b) T=1tT:
T a3 T, +T, 2
T (©) T =TT (d)T=0
1°2
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Solution: | | T,
(b) Let Qn = Heat taken by first engine
Q. = Heat rejected by first engine O “
Q2 = Heat rejected by second engine | | T,

Work done by 1t engine = work done by 2

engine O )

W=Qu-QL=QL.-Q2 | |Ta
2Qu=Qn+ Q2
2 = e_H + & O ?

o o | | 74
Let T be the temperature of cold reservoir of first 12 13
engine. @ T,=(TT,)" ;s T=(T°T,)
Then in carnot engine.

1/3 1/3

Q T g _T b) T, =(T'T,) " T, =(T.17)
Q T Qe T 13

© T,=(112)"; T, =(171,)"
1/4

2=%+I_—2 using (i) »
(d) Tz Z(T13T4) ) T3 = T1T43)

2T=T1+ T, )
. T 4T, Solution: _ _
T (b) According to question, r, =7, =1,
7. A Carnot engine has an efficiency of 1/6. 1_T_2 :1_£ :1_T_4
When the temperature of the sink is reduced T, T, T,
by 62°C, its efficiency is doubled. Thfa [ Three engines are equally efficient]
temperatures of the source and the sink are, T T T
respectively. 2=2=-2
(@) 62°C, 124°C (b) 99°C, 37°C T T
(c) 124°C, 62°C (d) 37°C, 99°C T, =TT, . (i)
Solution: ] T, =TT, ... (i)
(b) Using, n =1—_|_—2 From (i) and (ii)
1
1,7 T, =(T/T, )% T, =(T.T; )%
e T, 9. Two Carnot engines A and B are operated in
2 T _62 series. The first one, A receives heat at T; (=
and 3 =1--2 T 600 K) and rejects to a reservoir at
) ! temperature T». The second engine B receives
On solving, we get heat rejected by the first engine and in turn,
T1=99°Cand T, =37°C rejects to a heat reservoir at T3 (= 400 K).
Calculate the temperature T if the work
8. Three Carnot engines operate in series outputs of the two engines are equal:
between a heat source at a temperature T; and
a heat sink at temperature T, (see figure). (a) 600K (b) 400K
There are two other reservoirs at temperature (c) 300K (d) 500 K
T, and T3, as shown, with T1 > T, > T3> T(4) Solution:
The three engines are equally efficient if : T-T w
(A ny==—2=2"
1 Ql
and, 77, LT W
TZ QZ
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According to question,

WA = WB
LQ T, LT T
Qz Tz T1 _Tz Tz
AT = T +T,
22
_ 600 + 400 ~ 500 K
2
Pro 2" Law — Heat Engine

1. A scientist says that the efficiency of his heat
engine which operates at source temperature
127°C and sink temperature 27°C is 26%,
then
(a) Itis impossible
(b) It is possible but less probable
(c) It is quite probable
(d) Data are incomplete

Solution:
Correct answer is A.
400 400

26% efficiency is not possible.

2. Efficiency of a Carnot engine is 50% when
temperature of outlet is 500 K. In order to
increase efficiency up to 60% keeping
temperature of intake the same what is
temperature of outlet
(@) 200 K (b) 400 K
(c) 600 K (d) 800 K

Solution:

Correct answer is B.
50 500
00 T

1 T-500

2T

T =2T — 1000

T = 1000K

60 T

100~ 1000
6 1000—T
10 1000
600 = 1000 —T
T = 400K

3. In which case will the efficiency of a Carnot
cycle be higher: when the hot body
temperature is increased by AT , or when the
cold body temperature is decreased by the
same magnitude?

In carnot cycle is:
T, T

=1- cold :1__2
7 T, T,

hot 1
When hot is made hotter
T, +AT

T, -T,+AT
T, +AT

=1

77c > 77h
4. Hydrogen is used in a Carnot cycle as a
working substance. Find the efficiency of the
cycle, if as a result of an adiabatic expansion
(a) The gas volume increases n = 2.0 times;
(b) The pressure decreases n = 2.0 times.
Solution:
T

n=1-=+
Tl

(@ pv" =const

=TV =const

n-1 r-1
L (v :H
T, v, n

1

n’t

sn=1-

(b) pv" =const

= p"'T" =const

sn=1l-n"’

5. An ideal gas goes through a cycle consisting of
alternate isothermal and adiabatic curves
(Fig.). The isothermal processes proceed at the
temperatures T1; T2, and Ts. Find the
efficiency of such a cycle, if in each isothermal
expansion the gas volume increases in the
same proportion.
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p T

Solution:

= RTiInn+RT,Inn= R(T\+T)Inn
Now Txv‘}_l' 72V;-l
1

T,\1-1
or V;= (?) v,
2

g s T.\v-1
Similarly Vs‘(_z'] v,

T,\r-1
» V= Fa v
Thus Q, = heat ejected at the lower temperature

Ve

= -~RT;In v,

1

PO i\ LT )
3nT2 V4-- 3"T2 n2V3

6. Find the efficiency of a cycle consisting of two

isochoric and two adiabatic lines, if the

volume of the ideal gas changes n = 10 times
within the cycle. The working substance is

nitrogen.
Solution:

nC,AT =C, (nAT)

=C,ApV
_ﬂz Q1_|Q2|
(O
19
Q

_C.(p,—p;)nV 1
Cv ( P, — p4)VV

For the two adiabatic processes:

Pr" = const

=1-2:pV =R (nV) (i)

=1

3-4:pV' =PR(nv) ..(ii)

Subtracting (i), (ii):

(P =P )V =(p,—Py)(nv)
PP _ 1

:>— r
pl_p4 n

. Find the efficiency of a cycle consisting of two

isobaric and two adiabatic lines, if the

pressure changes n times within the cycle. The

working substance is an ideal gas whose
adiabatic exponent is equal to y .

Solution:

AQ=nC,AT =C_(nAT)=C,pAv

l)

r'y

:ﬂ: Q1_|Q2 |

Q Q
:1_|Q2| 1- Cpp(V3—V4)
Ql Cpnp(VZ _Vl)
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For the two adiabatic processes: 9. An ideal gas goes through a cycle consisting of
PV' = const (a) Isochoric, adiabatic, and isothermal lines,
—2-3:npV, (b) Isobaric, adiabatic, and isothermal lines,

. With the isothermal process proceeding at the
=n'v, =v, (1) minimum temperature of the whole cycle.

. . Find the efficiency of each cycle if the absolute
4-1inPy; = pv, temperature varies n-fold within the cycle.
I N Solution:
=N =V, (ii) Q =n,Cv(n-1)T
Subtracting (i), (ii):
1

— ) V2
(v, —vy)n" =v; v, 2 |_nORTmV_

1 D
Ih

VetV
Vo =Yy
8. An ideal gas whose adiabatic exponent equal
y goes through a cycle consisting of two

isochoric and two isobaric lines. Find the
efficiency of such a cycle, if the absolute

temperature of the gas rises n times both in v v Y
the isochoric heating and in the isobaric
expansion. B
Solution: r;zﬂ:Ql |Q2|:1—|Q2|
P QA Q Q
T CIQ R WT For adiabatic process 1-2:
v 1
o (),
Ts 1
PR - =Try
< I 2
1 J ! 1
4 =2 _pr
>V Vi
kS 1,
W n,RT/nn'? P
77_Q+Q ~n=1- R =1- 1
Lo no—l(n—l)T ﬁ(n—l)
Q1+Q2_|(Q3+Q4)|=1_|Q3+Q4| mn
Q1+Q2 Q1+Q2 :1_m
Q, =n,Cv(n-1)T
Q, =n,Cp(n* —n)T
|Q, |=n,Cv(n® —n)T
|Q4 |: non(n_l)T
Cv(n*-n)+Cp(n-1)
" cv(n-1)+Cp(n*-n)
n+ P
1 Cv[n—l] Cv 1 n+y
Cv(n-1) {HCp.n} 1+n’ >V
Cv
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Q =nc,(n-1)T P

Q,|=7,RT 22
o)

1

Y
Ql lr.l.
For adiabatic process 1 — 2
n n H H >
pl(nT )H =p,T¥" Y nVv
Lo _pin T ()" =Tv ™
P - Tl T
r
n, a(n_l)-r _ |Q2|
an=l-— 77—1—?
P 1
n,RT (npt
L 7 1-n,C,(n-n"")T n(1-n"")
r'(n-1) = —1-
» 1 ) mn n,C,(n-1T n(n-1)
o T on-1 11. Calculate the efficiency of a cycle consisting

In
1 _1 77

r of isothermal, isobaric, and isochoric lines, if

in the isothermal process the volume of the
10. An ideal gas with the adiabatic exponent ideal gas with the adiabatic exponent y
(a) Increases n-fold

goes through a direct (clockwise) cycle
(b) Decreases n-fold

consisting of adiabatic, isobaric and isochoric

lines. Find the efficiency of the cycle if in the Solution:
adiabatic process the volume of the ideal gas @)
(a) Increases n-fold Py
(b) Decreases n-fold.
Solution:(a)
Pn
T'=n'T
Q.:; A% nv >V
! i(; o n= w :Q1+Q2_|Q3|:1_&
. v Q+Q, Q+Q, Q+Q,
N o 1-n,C, (n-1)T
Q,| nC,(n-1)T r(n-1) = =Y
=1-—=1- =1- nC,(n-=1)T +n,R(nT)/n—
n Ql nOCv(nr _1)T nX -1 (o} V( ) (o] ( ) V
TV = (nT)(nT)"" . r(n-y
ST oT n—-1+(r-1)n/nn
(b) (b)
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12.

13.

P

ﬂzﬂ: Q1_|Q2|_|Q3| 21_|Q2|_|Q3|
Ql Ql Ql

n,C,(n-1)T +nORTnt1/—V

:1—

n,C,(n-1)T

1 n—-1+(r-1lInn
- r(n—1)

Find the efficiency of a cycle consisting of two
isochoric and two isothermal lines if the
volume varies v-fold and the absolute
temperature 7 -fold within the cycle. The
working substance is an ideal gas with the
adiabatic exponent y .

Solution:
P a T

W Y
)12+

Q+Q,

nC,(z-1)T +n,RT /nv
n,C,(7=1)T +n,R(zT)(nv

r-1+(r -1)inv
S r—1+(r-1)z v

Find the efficiency of a cycle consisting of two
isobaric and two isothermal lines if the
pressure varies n-fold and the absolute

temperature 7 -fold within the cycle. The
working substance is an ideal gas with the
adiabatic exponent y .

Solution:

vy
-~

77:1_|Q3|+|Q4|
Q+Q,
n,C,(z-1)T +n,RT /nn
n,C,(r=1)T +n,R(zT)(nn

r (r-1)+(r—1)/nn
r (r=1)+z(r -1)tnn

Beginner

2"d _aw — Heat Pump

1. An ideal refrigerator has a freezer at a

temperature of —13°C. The coefficient of
performance of the engine is 5. The
temperature of the air (to which heat is
rejected) will be

(a) 325°C (b) 325K
(c) 39°C (d) 320°C
Solution:
The answer is C.
Given:
temperature of freezer =T, = —13°C

= —13 4 273 = 260K

Coefficient performance =8 =5

And

B = [Tz/(T, — T)]

=~ 5=1[(260)/(T; — 260)]

=Ty =260+ 52 =312K = (312 — 273)°C
= 39°C

. In a mechanical refrigerator, the low

temperature coils are at a temperature of —
23°C and the compressed gas in the condenser
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has a temperature of 27°C. The theoretical
coefficient of performance is

(@) 5 (b) 8
(c)6 (d) 6.5
Solution:

The answer is A.
Coefficient of performance
T,
T -T,
(273-23) _ _ 250 -5
(273+27)—(273-23) 300-250
3. 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

(a) 31°C (b) 41°C
(c) 11°C (d) 21°C
Solution:

Coefficient of performance (B) of a refrigerator is

defined as the ratio of quantity of heat removed per
cycle to the work done on the working substance per
cycle to remove this heat.
Given, coefficient of performance of a refrigerator
p=5
Temperature of surface i.e. inside freezer,
T, =-20°C=-20+273=253K
Temperature of surrounding i.e. heat rejected outsider
Ti= ?
SO, B = L

Tl - T2

253
T, — 253

5T, =1518T,

_1518_ 303.6K

T, =303.6-273=31°C
4. A refrigerator is to maintain eatables kept

inside at 9°C. If room temperature is 36°C, the
coefficient of performance is:

(@) 9.3 (b) 12.4
(c)11.2 (d) 10.4
Solution:
Hint: The coefficient of performance is p = TCT
H™ 'C

Step 1: Calculate the coefficient of performance by
putting the values Here,

Tw = Temperature outside or temperature of hot
source = 36° C

Tc - Temperature of sink or temperature of the cold
source = 9°C.

Explore more at www.ph

So,
B Te _273+9
T,-Tc 36-9

5. A Carnot freezer takes heat from water at 0°C
inside it and rejects it to the room at a
temperature of 27°C. The latent heat of ice is
336 x 10° J kg™. If 5 kg of water at 0°C is
converted into ice at 0°C by the freezer, then
the energy consumed by the freezer is close to:
(@) 1.51x10°J (b) 1.68 x 10° J
(c) 1.71x 10" J (d) 1.67 x 10°J

~10.4

(d) AH=mL =5 v 336 x 10% = Qsink
Qsink — Tsink
Qsource Tsource
T u
Qsource = -IS-0 X sink

sink

Energy consumed by freezer

T
Woutput = Qsource — Qsink = Qsink(—_lioume —]_j

sink
Given: Tsource = 27°C + 273 = 300K,
Tsik =0°C + 273 =273 k

Woupu = 5x336x10°( 220 _1] =167 x 10°J
273

6. If minimum possible work is done by a
refrigerator in converting 100 grams of water
at 0°C to ice, how much heat (in calories) is
released to the surroundings at temperature
27°C (Latent heat of ice = 80 Cal/gram) to the
nearest integer?

Solution:
Given,
Heat absorbed, Q2 = mL =80 x 100 = 8000 Cal
Temperature of ice, T, =273 K
Temperature of surrounding,
T1=273+27=300K

Q-Q, T -T, 300-273

Efficiency = w_

Q, O T, 273
Q —8000 27

8000 273
Q1 =8791 Cal

7. 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)
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(a) 23.65W (b) 236.5 W
(c) 2365 W (d) 2.365 W
Solution:

(b) Given, temperature of source,
T=30°C=30+273=>T;=303K
Temperature of sink, T, =4°C =4 + 273
T, =277 K

As, we know that

QT QW T o op
QZ TZ QZ TZ

Where Q2 is the amount of heat drawn from the
sink (at T2), W is work done on working
substance, Q1 is amount of heat rejected to source
(at room temperature T1).

WT, + T2Q2 = T1Q2

WT, =T1Q2— T2Q2

WT,=Q2 (T1—T»)

T
ol

W = 600x4.2x(ﬁ—1j
277

W =6oox4.2x(§j
277

W = 236.5 Joules

Power = \orkdone W _ 2365 _ »35 5w
Time t 5
8. 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

+273
(a) — (b) &
t1 - tz t1 - tz
© t, +273 (d) t+t,
t -t t +273
Solution:
(b) For a refrigerator, we know that
w Ql - Qz T1 _Tz
where,

Q1 = amount of heat delivered to the room
W = electrical energy consumed

T1 = room temperature = t; + 273

T, = temperature of sink =t + 273

Q t +273
1 t,+273—(t,—273)
+273
Q1 = h
tl _tz
Expert 2" Law — Heat Pump

1. Calculate the least amount of work that must
be done to freeze 1 gram of water at 0°C by
mean of refrigerator. T; = 27°C. How much
heat is passed to surrounding in this process.
L+ =80 cal/g

Solution:

The answer is.
cal
L=80—
g
m=1g
T, = 27° = 300K
T, = 0°= 273K
Least work doneW =L X m X %

80 x 1 300
= X1X——
273

= 87.912cal

2. A Carnot's engine works as a refrigerator
between 250 K and 300 K. It receives 500 cal
heat from the reservoir at the lower
temperature. The amount of work done in
each cycle to operate the refrigerator is:

(a) 4203 (b) 2100J

(c) 7723 (d) 2520J
Solution:

(a) Given: Temperature of cold body,

T, =250 K

Temperature of hot body; T =300 K
Heat received, Q2 = 500 cal work done, W =?

Efficiency = 1—T—2= W
T Q,+W
_20__w
300 Q,+W
_Q, 500x4.2 3
5 5
=420

3. A refrigerator works between 4°C and 30°C.
It is required to remove 600 calories of heat
every second to keep the temperature of the
refrigerated space constant. The power
required will be: (Take 1 cal = 4.2 Joules)
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(a) 23.65W (b) 236.5 W 77=ﬂ= Q-Q, =1—%
(©) _2365 w (d) 2.365 W Q, Q Q
Solution:
The temperature of the source, T1= 30°C i.e. 303 K — % =1-7p
Temperature of the sink, T =4°C i.e. 277 K Q
Itis known that, Refrigeration cycle :
Ql _ Tl .
02 T_2 P, Q,
Q,+W T,
= 2= =H{W=0Q,-Q;}
Q T P
Here, Q2 is the amount of heat drawn from the sink at Q,
temperature T, Q; is the amount of heat given to the > v
source at temperature T1 W is the amount of work
done on working substances W
= WT, +T,Q, =TQ,
= WT, =T,Q, - T,Q,
=WR, =Q,(T,-T) Q Q:
SW-gQ, (L B ] Hot Cold
T
? e= % = —QZ
:W=600x4.2x£ﬁ—1j W Q-Q
277
26 %
W =600x4.2x| — Q 1-n
277 = 1 - 7
1_% n
W = 236.5 Joules
Q
Work - -
Power = doe?irme Beginner Miscellaneous Problems
W 2365 1. 200g water is heated from 40°C to 60°C.
e — —=236.5W Ignoring the slight expansion of water, the
4. A heat engine employing a Carnot cycle with change in its internal energy is close to (Given
L n ) specific heat of water = 4184 J/kgK):
an efficiency of ¥ =10% is used as a (a) 167.4kJ (b) 8.4KJ
refrigerating machine, the thermal reservoirs 49 i(J q 16 7 K]
being the same. Find its refrigerating (C)_ - (d) 16.
efficiency ¢ . Solution: )
Solution: (d) Volume of water does not change, no work is
Carnot cycle: done on or by the system (W =0)
P Q, According to first law of thermodynamics
1 Q=du+W
For Isochoric process Q = dU
AU =nCdT =2 x 4184 x 20 = 16.7 kJ.
Q. 2. Under an adiabatic process, the volume of an
> ideal gas gets doubled. Consequently, the
W mean collision time between the gas molecule
' C
‘[ changes from 11 to 1,. If C_p =y for this gas
Q, Q. then a good estimate for %2 s given by:
’ ’ T
Hot 1
Cold
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1
a) 2 b) =
(@) (b) 5
7+l
1Y 1\ 2
c) | = d) | =
offf ol
Solution:
We know that Relaxation time,
_Vv :
T=7 e (1)

Equation of adiabatic process is
TV = constant
1
Vot

y=1
1+

T

using (i)
y+1
TV 2

1+y

T YAYS Lty

T \

3. 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 V¢,
where V is the volume of the gas. The value of

is : _S
qis: V—CV

y+1 y-1
a) -—= b) L=
(@) 5 (b) 5
3y+5 3y-5
© 76 (01)7T
Solution:
@ 7= lil 3RT
27d?| — |, [——
J2r (Vj | §
roe L
JT
y+1
As, TVr1=K |, So, txV 2z

Therefore, q= %rl

4. 1g of water, of volume 1 cm? at 100°C is
converted into steam at same temperature
under normal atmospheric pressure = (= 1 x
10° Pa). The volume of steam formed equals
1671 cm?®. If the specific latent heat of
vaporization of water is 2256 J/g, the change
in internal energy is
(a) 2423 J (b) 2089 J
(c) 167 J (d) 2256 J

(b) Given, mass of water, m = 1g
Volume of 1g of water = 1cm3 = 10° m?3
Volume of 1g of steam = 1671 cm?
=1671 x 10° m?
Pressure, p =1 x 10° Pa
Latent heat of vaporization of water,
L = 2256 J/g
Change in volume,
AV = (1671 -1) x 10 m?3
=1670 x 10® m? .. (D)
Heat supplied,
AQ =mL =1 x 2256 = 2256 J .. (i)
As the steam expands, so the work done in
expansion is
AW = pAV
=1x10°x 1670 x 10°° [from Eq.(i)]
=167J .. (iii)
According to first law of thermodynamics,
AQ =AU + AW
AU = AQ — AW
= 2256 — 167
=2089J

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

[from Eq. (ii) and (iii)]

(a)42.2J (b) 208.7
(c) 104.3J (d) 845
Solution:

(b) According to the question,

Heat spent during the conversion of sample of
water at 100°C to steam is,

AQ =54 cal =54 x 4,18 J=225.72 ]

Normal pressure, p = 1.013 x10° Nm~2

Net work done during the conversion would be
given as

AW = pAV =p [Vsteam - Vwater]

Here, Vsieam = 167.1 cc = 167.1 x 10 m?
Vwater =0.19 =0.1cc = 0.1 x 108 m?

& AW =1.013 x 10° [(167.1 - 0.1) x 1079]
=1.013x 167 x 101 =16.917 J

Now, by the first law of thermodynamics,

AQ = AU + AW

Where, AU is the change in internal energy of the
sample.
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AU = AQ — AW

Substituting the values in the above equation, we
get

AU =225.72 - 16.917 = 208.7 J

Expert Miscellaneous Problems

1. 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 volume

u:EocT4 and pressure pzi(B . If the
\ 3\V

shell now undergoes an adiabatic expansion
the relation between T and R is:

1 1
@ T = (b) T oc g
(© Tocer (d) T ce™™®
Solution:

1(U
(a) AS, P = E(vj

But U_ KT*
V

So, P =ZKT*
3

or U\R/—T:%KT4 [As PV = uRT]

gnR3T3 = constant

Therefore, T oc%

2. A solid body of constant heat capacity 1 J/°C
is being heated by keeping it in contact with
reservoirs in two ways:

(i) Sequentially keeping in contact with 2
reservoirs such that each reservoir supplies
same amount of heat.

(i1) 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 :

(@) In2, 2In2 (b) 2In2, 8In2
(c) In2, 4In2 (d) In2, In2
Solution:

(d) The entropy change of the body in the two
cases is same as entropy is a state function.
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Beginner Test - |

. Alir pressure in a car tyre increases during driving. Explain.

. If a gas is suddenly compressed, its temperature increases, why?

. Write conditions for an isothermal process.

. Apply first law of thermodynamics for isothermal expansion of an ideal gas.

. When a bottle of cold carbonated drink is opened, a slight fog is formed around the opening, why?

. A person of mass 60 kg wants to lose 5 kg by going up and down a 10 m high stairs. Assume he burns twice as
much fat while going up than coming down. If 1 kg of fat is burnt on expending 7000 kcal calories, how many
times must he go up and down to reduce his weight by 5 kg?

7. What amount of heat must be supplied to 2.0 x 10 kg of nitrogen (at room temperature) to raise its temperature

by 45°C at constant pressure? (Molecular mass of N = 28, R = 8.3J mol-* K1)

8. Two bodies at different temperatures T1 and T are brought in contact. Under what condition, they settle to

mean temperature? (after they attain equilibrium)

9. The initial state of a certain gas is (pi, Vi, Ti). It undergoes expansion till its volume becomes V. Consider the

following two cases
(i) The expansion takes place at constant temperature.
(if) The expansion takes place at constant pressure.
Plot the p-V diagram for each case. In which of the two cases, is the work done by the gas more?
10. Explain, why?
(i) 500 J of work is done on a gas to reduce its volume by compression adiabatically.
What is the change in internal energy of the gas?
(ii) The coolant in a chemical or a nuclear plant, i.e. the liquid used to prevent the different parts of a plant
from getting too hot should have high specific heat.
(iif) The climate of a harbour town is more temperate than that of a town in a desert at the same latitude
11. In changing the state of a gas adiabatically from an equilibrium state A to another equilibrium state B, an
amount of work equal to 22.3 J is done on the system. If the gas is taken from state A to B via a process in
which the net heat absorbed by the system is 9.35 cal, how much is the net work done by the system in the
latter case? (Take, 1 cal = 4.19 J). According to first law of thermodynamics, if AQ heat energy is given (or
taken) to a thermodynamic system which is partially utilised in doing work (AW) and remaining part increases
(or decreases) the internal energy of the system.

12. Calculate the work done for adiabatic expansion of a gas.

13. Consider a p-V diagram in which the path followed by one mole of perfect gas in a cylindrical container is

shown.

o Ol B~ W N

p 7 |
l(pH VI’ TL)

pV'"”? = constant

Ap, V. T)

v, v,

(i) Find the work done when the gas is taken from state 1 to state 2.
(ii)What is the ratio of temperatures T1/T», if Vo =2V1?

(iif) Given the internal energy for one mole of gas at temperature T is (3/2) RT, find the heat supplied to the
gas when it is taken from states 1 to 2, with V, = 2V1.
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14.

15.

16.
17.
18.
19.
20.
21.
22.

23.

24,
25.
26.
217.
28.

29.

30.

31.

32.

Consider that an ideal gas (n moles) is expanding in a process given by p = f(V), which passes through a point
(Vo, pPo). Show that the gas is absorbing heat at (po, V,), if the slope of the curve p = f(V) is larger than the
slope of the adiabat passing through (po, Vo).

What is a cyclic process? What is change in internal energy of the system in a cyclic process? In changing the
state of gas adiabatically from an equilibrium states A to B. an amount of 40.5 J of work is done on the system.
If the gas is taken from states A to B via a process in which net heat absorbed by the system is 12.6 cal. How
much is the net work done by the system in the later case? (1 cal =4.19 J)

If a refrigerator's door is kept open, will the room become cool or hot? Explain.

Can a ship be moved with the energy of the sea water?

What are the forces which make any process irreversible?

The coefficient of performance of a refrigerator depends on which factor?

Find the efficiency of the Carnot engine working between boiling point and freezing point of water.

Which thermodynamic law put restrictions on the complete conversion of heat into work?

Consider a Carnot cycle operating between T; =500 K and T, = 300 K producing 1 kJ of mechanical work
per cycle. Find the heat transferred to the engine by the reservoirs.

(i) The efficiency of a heat engine is more in hilly area than in plain. Explain it.

(i) Is the coefficient of performance of a refrigerator, a constant quantity?

(iii) Why is it theoretically not possible to have a device which create no thermal pollution?

A Carnot engine is operating between 600 K and 200 K. Consider that the actual energy produced is 2 kJ per
kilocalorie of heat absorbed. Compare the real efficiency with the efficiency of Carnot engine.

Explain, what do you understand by the efficiency of a heat engine?

Under what condition, an ideal Carnot engine has 100% efficiency?

Temperatures of the hot and cold reservoirs of a Carnot engine is raised by equal amounts. How the efficiency
of the Carnot engine affected?

A refrigerator transfers 250 J heat per second from —23°C to 25°C. Find the power consumed, assuming no
loss of energy.

Find out whether these phenomena are reversible or not.

(i) Waterfall and

(ii) Rusting of iron.

An ideal engine works between temperatures T1 and T». It derives an ideal refrigerator that Works between
temperatures Tz and T4. Find the ratio Qs/Q1 in terms of Ty, T2, Tz and T4

Explain with the suitable example that a reversible process must be carried slowly and a fast process is
necessarily irreversible.

Two Carnot engines A and B are operated in series. The first one A receives heat at 800 K and rejects to a
reservoir at temperature T K. The second engine B receives the heat rejected by the first engine and in turn
rejects to a heat reservoir at 300 K. Calculate the temperature T K for the following cases.
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(i) When the outputs of the two engines are equal.
(if) When the efficiencies of the two engines are equal.

Answer Key

Refer. Solutions

Beginner Test - 11

1. 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?

2. What amount of heat must be supplied to 2.0 x 102 kg of nitrogen (at room temperature) to raise its
temperature by 45 °C at constant pressure? (Molecular mass of N2 =28; R = 8.3 Jmol™* K1)

3. Explain why
(a) Two bodies at different temperatures T1 and T if brought in thermal contact do not necessarily settle to
the mean temperature (T1 + T2)/2.

(b) The coolant in a chemical or a nuclear plant (i.e., the liquid used to prevent the different parts of a plant
from getting too hot) should have high specific heat.

(c) Air pressure in a car tyre increases during driving.

(d) The climate of a harbour town is more temperate than that of a town in a desert at the same latitude.

4. A cylinder with a movable piston contains 3 moles of hydrogen at standard temperature and pressure. The
walls of the cylinder are made of a heat insulator, and the piston is insulated by having a pile of sand on it. By
what factor does the pressure of the gas increase if the gas is compressed to half its original volume?

5. In changing the state of a gas adiabatically from an equilibrium state A to another equilibrium state B, an
amount of work equal to 22.3 J is done on the system. If the gas is taken from state A to B via a process in
which the net heat absorbed by the system is 9.35 cal, how much is the net work done by the system in the
latter case? (Take 1 cal =4.19J)

6. Two cylinders A and B of equal capacity are connected to each other via a stopcock. A contains a gas at
standard temperature and pressure. B is completely evacuated. The entire system is thermally insulated. The
stopcock is suddenly opened.

Answer the following:

(a) What is the final pressure of the gas in A and B?

(b) What is the change in internal energy of the gas?

(c) What is the change in the temperature of the gas?

(d) Do the intermediate states of the system (before settling to the final equilibrium state) lie on its P-V-T
surface?

7. A steam engine delivers 5.4 x 108 J of work per minute and services 3.6 x 10° J of heat per minute from its
boiler. What is the efficiency of the engine? How much heat is wasted per minute?

8. An electric heater supplies heat to a system at a rate of 100 W. If system performs work at a rate of 75 Joules
per second. At what rate is the internal energy increasing?

9. A thermodynamic system is taken from an original state to an intermediate state by the linear process shown

in Fig.
D
300 IIIII&E

Fi

0 390 .
Volume, V(mg’]

Pressure, P (_\'J’mz

= ELER
L
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Its volume is then reduced to the original value from E to F by an isobaric process. Calculate the total work done

by thegasfromDtoEto F

10. A refrigerator is to maintain eatables kept inside at 9°C. If room temperature is 36° C, calculate the
coefficient of performance.

Answer Key
1. 15.75 g/min 2.933.381J 3. Refer Solution 4.2.639
5.16.88J 6. (a) 0.5 atm, (b) Zero, (c) Zero, (d) No 7.3.06 x 10°J
8.25W 9.4501 10.10.44
Expert Test - |

1.1g of water, of volume 1 cm3 at 100°C is converted into steam at same temperature under normal atmospheric
pressure = (= 1 x 10° Pa). The volume of steam formed equals 1671 cm?. If the specific latent heat of
vaporization of water is 2256 J/g, the change in internal energy is
(@) 2423 (b) 2089 J
(c) 167 (d) 2256 J

2. A sample of 0.1 g of water at 100°C and normal pressure (1.013 x 105 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
(@) 42.2) (b) 208.7 J
(c) 104.3J (d)84.5]

3. The p-V diagram for an ideal gas in a piston cylinder assembly undergoing a thermodynamic process is
shown in the figure. The process is

p Initial
state , Final
state
V
(a) Adiabatic (b) Isochoric
(c) Isobaric (d) Isothermal

4. Two cylinders A and B of equal capacity are connected to each other via a stop cock. A contains an ideal gas
at standard temperature and pressure. B is completely evacuated. The entire system is thermally insulated.
The stop cock is suddenly opened. The process is

(a) Adiabatic (b) Isochoric
(c) Isobaric (d) Isothermal
5. In which of the following processes, heat is neither absorbed nor released by a system?
(a) Adiabatic (b) Isobaric
(c) Isochoric (d) Isothermal

6. The volume (V) of a monoatomic gas varies with its temperature (T), as shown in the graph. The ratio of
work done by the gas, to the heat absorbed by it, when it undergoes a change from state A to state B, is
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O —T
1 2
a) - b) —
() 3 (b) 3
2 2
c) — d) =
(© 5 (d) =
7. Thermodynamic processes are indicated in the following diagram

Py

Match the following:

Column-I Column-II
P. | Process | a. | Adiabatic
Q. | Process Il b. | Isobaric
R. | Process Il1 c. | Isochoric
S. | Process IV d. | Isothermal
(@P—a,Q—c,R—>d,S—b ®)P—>c,Q—a,R—d,S—b
(c)P—>¢c, Q—d,R—b,S—a (dP—-d,Q—b,R—a S—c

8. A gas is compressed isothermally to half its initial volume. The same gas is compressed separately through an
adiabatic process until its volume is again reduced to half. Then
(a) Compressing the gas through adiabatic process will require more work to be done.
(b) Compressing the gas isothermally or adiabatically will require the same amount of work.
(c) Which of the case (whether compression through isothermal or through adiabatic process) requires more
work will depend upon the atomicity of the gas.
(d) Compressing the gas isothermally will require more work to be done.

9. A gas is taken through the cycle A - B—C—A, as shown. What is the net work done by the gas?

1P (10° Pa)

>V (102 m?)

(a) 2000 (b) 1000 J
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(c) Zero

Thermodynamics

(d) —2000 J

10. The efficiency of a Carnot engine depends upon

(@) The temperature of the sink only
(c) The volume of the cylinder of the engine

(b) The temperatures of the source and sink
(d) The temperature of the source only

11. The efficiency of an ideal heat engine working between the freezing point and boiling point of water, is

() 6.25%
(c) 26.8%

(b) 20%
(d) 12.5%

12. A Carnot engine having an efficiency of % 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

@11
(c) 99 J

(b) 90 J
(d) 100 J

13. 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)

(a) 23.65 W
(c) 2365 W

(b) 236.5 W
(d) 2.365 W

14. 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

(a) t Et (b) tl +_273
t, +273 t+t,
© t -t 9 t, +273
Answer Key
1. (b) 2. (b) 3. (o) 4. (a)
5.(a) 6. (c) 7. (b) 8. (a)
9. (b) 10. (b) 11. (¢) 12. (b)
13. (b) 14. (b)
Expert Test - 11

1. A gas can be taken from A to B via two different processes ACB and ADB. When path ACB is used 60 J of
heat flows into the system and 30J of work is done by the system. If path ADB is used work done by the
system is 10 J. The heat Flow into the system in path ADB is:

(a) 40J
(c) 100J

P A
C B
A D
- >V
(b) 80J
(d) 203

2. 200g water is heated from 40°C to 60°C. Ignoring the slight expansion of water, the change in its internal
energy is close to (Given specific heat of water = 4184 J/kgK):

(a) 167.4kJ
() 4.2 kJ

(b) 8.4kJ
(d) 16.7 kJ
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3. A gas is compressed from a volume of 2m?3 to a volume of 1m?3 at a constant pressure of 100 N/m2. Then it is
heated at constant volume by supplying 150 J of energy. As a result, the internal energy of the gas:
(@) Increases by 250 J (b) Decreases by 250 J
(c) Increases by 50 J (d) Decreases by 50 J

4. Three different processes that can occur in an ideal monoatomic gas are shown in the P vs V diagram. The paths
are labelled as A — B, A — C and A —D. The change in internal energies during these process are taken as
Eas, Eac and Eap and the work done as Wag, Wac and Wap. The correct relation between these parameters
are:

(@) Eas = Eac < Eap, Wae > 0, Wac =0, Wap <0 (b) Eag = Eac = Eap, Wag >0, Wac =0, Wap <0
(c) Eag < Eac < Eap, Wag > 0, Wac > Wap (d) Eag > Eac > Eap, Was < Wac < Wap

5. In an adiabatic process, the density of a diatomic gas becomes 32 times its initial value. The final pressure of
the gas is found to be n times the initial pressure. The value of n is :

(@) 32 (b) 326
1
c) 128 d)—
(© (d) o
6. A thermodynamic cycle xyzx is shown on a V-T diagram.
4
z v
// ..x'
T
The P-V diagram that best describes this cycle is: (Diagrams are schematic and not to scale)
2]
Jp :
¥
x vy
z Y z
V V
(a) (b)
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¥y Pt y

© ' ) d
7. A litre of dry air at STP expands adiabatically to a volume of 3 litres. If y = 1.40, the work done by air is:
(314 =4.6555) [Take air to be an ideal gas]
(a) 60.7J (b) 90.5J
(c) 100.8J (d)481J
8. Under an adiabatic process, the volume of an ideal gas gets doubled. Consequently the mean collision time

C
between the gas molecule changes from 11 to 15. If C_p =y for this gas then a good estimate for %2 is given
\% Z-l

by:
(@2 m>;

1Y 1 %l
c) | = d) | =
()[Zj (3]
9. A sample of an ideal gas is taken through the cyclic process abca as shown in the figure. The change in the

internal energy of the gas along the path ca is — 180 J, The gas absorbs 250 J of heat along the path ab and 60
J along the path bc. The work down by the gas along the path abc is:

! .
a b
V—
(a) 120J (b) 130J
(c) 100J (d) 140)

10. A cylinder with fixed capacity of 67.2 lit contains helium gas at STP. The amount of heat needed to raise the
temperature of the gas by 20°C is : [Given that R = 8.31 J mol~* K]
(a) 350J (b) 374J
(c) 748J (d) 700J

11. One mole of an ideal gas passes through a process where pressure and volume obey the relation

2
P=P, {p%(%} } . Here Pg and V, are constants. Calculate the charge in the temperature of the gas if its

volume changes from V, to 2V,.
1 IDovo S I:)()Vo
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12. Following figure shows two processes A and B for a gas. If AQa and AQg are the amount of heat absorbed by
the system in two cases, and AUa and AUg are changes in internal energies, respectively, then:

1 f
Pl A
B
1
V—>»
(a) AQA < AQB, AUa < AUg (b) AQA > AQB, AUa > AUg
(C) AQA > AQB, AUa = AUg (d) AQA = AQB; AUa = AUg

13. A thermally insulted vessel contains 150 g 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 closed to: (Latent heat of vaporization of water = 2.10 x 10%Jkg~* and Latent heat of Fusion of
water = 3.36 x 10° J kg?)

(@ 1504 (b) 20 ¢
(c)130¢g (d)35g

14. 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:

a

T g
P b
C
vd
V—
(@adbc (bydach
(c)adch (ddabc

15. For the given cyclic process CAB as shown for gas, the work done is:
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60F 5 A
4r v
p(Pa) 3
2 L
1 B
T2 5 4 5 .
V(m™)
(a) 30J (b) 10J
(c) 1J (d) 5

16. A rigid diatomic ideal gas undergoes an adiabatic process at room temperature. The relation between
temperature and volume for this process is TV* = constant, then X is:

3 2
@ 5 (b) 5
2 5
(© 3 (d) 3

17. Half mole of an ideal monoatomic gas is heated at constant pressure of 1 atm from 20°C to 90°C. Work done
by gas is close to: (Gas constant R = 8.31 J/mol-K)

(@) 581J (b) 291 J
(c) 146 (d) 7313

18. One mole of an ideal monoatomic gas is taken along the path ABCA as shown in the PV diagram. The
maximum temperature attained by the gas along the path BC is given b

25 RV, 25 PV,
a) —= b_OO
()8 R ()4 R

25 RV, 5PV,
C) — d) -5
()16R ()8R

19.'n' moles of an ideal gas undergoes a process A — B as shown in the figure. The maximum temperature of the
gas during the process will be :
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P
A
A
2P0 """ \
P0 ------ - - =3B
Vo 2V A%
9PV, 9PV,
a) —2° b) 2ot
@ 2nR ) nR
9PV, 3RV
c 0'0 d 070
© 4nR @ 2nR
20. The ratio of work done by an ideal monoatomic gas to the heat supplied to it in an isobaric process is:
2 3
a)- b)-
( )5 ( )2
3 2
Cc)- d)-
( )5 (d) 3

21. 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

fqi G,
0 IS . =—
ais: | 7=3

y+1 y—1
a) —— by L=
(a) > (b) >
3y+5 3y-5
¢ d) —
(© 5 (d) 5
22. 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 volume u :%ocT4 and pressure p :%(%) If the

shell now undergoes an adiabatic expansion the relation between T and R is:

1 1
@T OCE (b) T o =
() Tce™® (d) Toce™

23. An ideal gas goes through a reversible cycle a — b — ¢ — d has the V - T diagram shown below. Process d
— a and b — c are adiabatic.

\"'? A

»T
The corresponding P - V diagram for the process is (all figures are schematic and not drawn to scale) :
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I \? P
(a) \ (b) '
Pa Pa
d C d b
), ch
- > - >
© v (A v

24. One mole of a 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, 800 K and 600 K respectively. Choose the correct
statement:

-~

800 K

600 k

A 400 K

>
>

-
(@)The change in internal energy in whole cyclic process is 250 R.
(b)The change in internal energy in the process CA is 700 R.
(c)The change in internal energy in the process AB is —350 R.
(d)The change in internal energy in the process BC is -500 R.

25. During an adiabatic compression, 830 J of work is done on 2 moles of a diatomic ideal gas to reduce its
volume by 50%. The change in its temperature is nearly: (R = 8.3 JK'mol)
(a) 40K (b) 33K
(c) 20K (d) 14K

26. An ideal gas at atmospheric pressure is adiabatically compressed so that its density becomes 32 times of its
initial value. If the final pressure of gas is 128 atmospheres, the value of “y’of the gas is :

(@ 1.5 (b)1.4
(c)1.3 (d)1.6

27. 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

9 3

(a) Yy RT, (b) 2 RT,
15 9

(©) ERTl (d) 2 RT,
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28. An engine takes in 5 mole of air at 20°C and 1 atm, and compresses it adiabaticaly to 1/10" of the original

volume. Assuming air to be a diatomic ideal gas made up of rigid molecules, the change in its internal energy
during this process comes out to be XkJ. The value of X to the nearest integer is

29. Starting at temperature 300 K, one mole of an ideal diatomic gas (y = 1.4) is first compressed adiabatically

V. . . .
from volume Vi to V; = ﬁ It is then allowed to expand isobarically to volume 2V. If all the processes are

the quasi-static then the final temperature of the gas (in °K) is (to the nearest integer)

30. An engine operates by taking a monatomic ideal gas through the cycle shown in the figure. The percentage

31.

32.

33.

34.

35.

efficiency of the engine is close to

3P+ B S C
2Po+ A Y
P 4 A = D
Vo 2Vg
(@) 19 (b) 16
()8 (d)4

A heat engine is involved with exchange of heat of 1915 J, — 40 J, +125 Jand — Q J, during one cycle achieving
an efficiency of 50.0%. The value of Q is:

(a) 640J (b) 40

(c) 980J (d) 400J

A Carnot engine having an efficiency of % 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:

(@) 99J (b) 100J
(c)1J (d) 90J
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, T1 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 T1 and T, if both the engines perform equal
amount of work ?

2T,T T +T
a T = ~12 b T =
@ T, +T, ) 2
©T= \/T1T2 @T=0
A Carnot engine has an efficiency of 1/6. When the temperature of the sink is reduced by 62°C, its efficiency
is doubled. The temperatures of the source and the sink are, respectively.
(a) 62°C, 124°C (b) 99°C, 37°C
(c) 124°C, 62°C (d) 37°C, 99°C
Three Carnot engines operate in series between a heat source at a temperature T, and a heat sink at temperature

T4 (see figure). There are two other reservoirs at temperature T, and Ts, as shown, with T1 > T2 > T3 > T(4)
The three engines are equally efficient if :
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T1

O &
TZ

() =
r

() =
T,

@ T,=(TL)"; 7, =(r71, )" 0) T, =(127,)" s T, =(1712)”

1/3 1/4

© T,=(T17)" T, =(T°T,) @ T, =(FL) " T, ()

36. Two Carnot engines A and B are operated in series. The first one, A receives heat at T, (= 600 K) and rejects
to a reservoir at temperature T,. The second engine B receives heat rejected by the first engine and in turn,
rejects to a heat reservoir at T3 (= 400 K). Calculate the temperature T if the work outputs of the two engines
are equal:

(a) 600K (b) 400K
(c) 300K (d) 500 K

37. A Carnot's engine works as a refrigerator between 250 K and 300 K. It receives 500 cal heat from the reservoir

at the lower temperature. The amount of work done in each cycle to operate the refrigerator is:

(a) 420 (b) 2100J
(c) 772] (d) 2520J
38. An engine operates by taking n moles of an ideal gas through the cycle ABCDA shown in figure. The thermal
efficiency of the engine is : (Take Cy, =1.5 R, where R is gas constant)
[Main Online April 8, 2017]

B C
2P [r=meee >
! S
PO """" :—‘-s.: ~— : D
vV, 2V,
V—
(@) 0.24 (b) 0.15
(c) 0.32 (d) 0.08

39. A Carnot freezer takes heat from water at 0°C inside it and rejects it to the room at a temperature of 27°C. The
latent heat of ice is 336 x 10% J kg*. If 5 kg of water at 0°C is converted into ice at 0°C by the freezer, then
the energy consumed by the freezer is close to:

(@) 1.51 x 10°J (b) 1.68 x 106 J
(c) 1.71 x 10" J (d) 1.67 x 10%J
40 A solid body of constant heat capacity 1 J/°C is being heated by keeping it in contact with reservoirs in two
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ways:
(i) Sequentially keeping in contact with 2 reservoirs such that each reservoir supplies same amount of heat.
(i) 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 :
(@) In2, 2In2 (b) 2In2, 8In2
(c) In2, 4In2 (d) In2, In2

41. A Carnot engine absorbs 1000 J of heat energy from a reservoir at 127°C and rejects 600 J of heat energy
during each cycle. The efficiency of engine and temperature of sink will be:

(@) 20% and — 43°C (b) 40% and — 33°C
(c) 50% and —20°C (d) 70% and — 10°C
42.
A
d A B
2p,p--mmmmm--
Pof====m== D i EC
Vi 2\"0 v©

The above p-v diagram represents the thermodynamic cycle of an engine, operating with an ideal monatomic
gas. The amount of heat, extracted from the source in a single cycle is

(a) Povo (b) [%) PoVo

© (131) o (d) 4povo

43. If minimum possible work is done by a refrigerator in converting 100 grams of water at 0°C to ice, how much
heat (in calories) is released to the surroundings at temperature 27°C (Latent heat of ice = 80 Cal/gram) to the
nearest integer?

44. A Carnot engine operates between two reservoirs of temperatures 900 K and 300 K. The engine performs
1200 J of work per cycle. The heat energy (in J) delivered by the engine to the low temperature reservoir, in a
cycle, is

Answer Key
1. () 2. (d) 3. (@) 4. (b)
5. (c) 6. (a) 7. (b) 8. (Bonus)
9. (b) 10. (¢) 11. (b) 12. (¢)
13. (b) 14. (d) 15. (b) 16. (b)
17. (b) 18. (a) 19. (¢) 20. (a)
21. (a) 22. (a) 23. (b) 24. (d)
25. (c) 26. (b) 27. (a) 28. (46)
29. (1818K) 30. (a) 31. () 32.(d)
33. (b) 34. (b) 35. (b) 36. (d)
37. (@) 38. (b) 39. (d) 40. (d)
41. (b) 42. (b) 43.(8791) 44. (600)
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Pro Test - |

1. A thermodynamic system is taken from an initial state i with internal energy U;=100 J to the final state f
along two different paths iafand ibf, as schematically shown in the figure. The work done by the system
along the paths af, ib and bf are W,y =200 j, W;;,=50 J and W}, =100 J respectively. The heat supplied to

the system along the path iaf, iband bfare Q;qf, Qi and Qpsrespectively. If the internal energy of the

system in the state b is U= 200 J and Q;,£=500 J, The ratio Q—’f’r is

ib

b
v

v

. An ideal monatomic gas is confined in a horizontal cylinder by a spring loaded piston (as shown in the figure).
Initially the gas is at temperatureT;, pressure P; and volume V; and the spring is in its relaxed state. The gas
is then heated very slowly to temperatureT,, pressure P, and volumeV,. During this process the piston moves
out by a distance x. Ignoring the friction between the piston and the cylinder, the correct statements(s) is (are)

(@) If v, = 2V, and T, = 3Ty, then the energy stored in the spring is 1/4 P, V;
(b) If V, = 2V; and T, = 3Ty, then the change in internal energy is 3 P,V;
(c) If V, =3V; and T, = 4T, then the work done by the gas is 7/3 P, V;
(d) If V, = 3V; and T, = 4Ty, then the heat supplied t the gas is 17/6 P,V;
. One mole of a monatomic gas is taken through a cycle ABCDA as shown in the P-V diagram. Column Il give
the characteristics in the cycle. Match them with each of the processes given in Column 1.

Column | Column 11

(A) Process A B (p) Internal energy decreases
(B) ProcessB C (q) Internal energy increases
(C) ProcessC D (r) Heat is lost

(D) ProcessD A (s) Heat is gained

(tYWork is done on the gas
. Column 1 contains a list of processes involving expansion of an ideal gas. Match this with Column Il
describing the thermodynamic change during this process. Indicate your answer by darkening the appropriate
bubbles of the 4 x 4 matrix given in the ORS.
Column | Column 1l
(A) An insulated container has two (p) The temperature of the gas decreases.
chambers separated by a valve.
Chamber I contains an ideal gas
and the Chamber Il has vacuum.
The valve is opened.
(B) An ideal monoatomic gas expands (9) The temperature of the gas increases or constant
to twice its remains original volume
such that its pressure P oo 1/V2 where
V is the volume of the gas
(C) An ideal monoatomic gas expands (r) The gas loses heat where V is its volume
to twice its original volume such that its
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pressure P oo 1/V4/3
(D) An ideal monoatomic gas expands (s) The gas gains heat
such that its pressure P and volume
V follows the behavior shown in the graph
5. Heat given to process is positive, match the following option of Column | with the corresponding option of
column II:

P(atm)4
J
3(Q) [
20 M
10 i —> ﬂ:L
10 20 V)
Column | Column Il
(A) JK (p) AW >0
(B) KL (9 AQ <0
(C) LM (N AW <0
(D) MJ (s) AQ >0

6. A gas is enclosed in a cylinder with a movable frictionless piston. Its initial thermodynamic state at pressure
P; = 10° Pa and volume V; = 10~3m? changes to a final state at P; = (1/32) x10° Pa and V; = 8x 10~3m3 in
an adiabatic quasi-static process, such that P3V> = constant. Consider another thermodynamic process that
brings the system from the same initial state to the same final state in two steps: an isobaric expansion at P;
followed by an isochoric (isovolumetric) process at volumeVy. The amount of heat supplied to the system in
the two-step process is approximately
(@) 112 (b) 294 J
(c) 5881 (d) 8131J

7. 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) an the final temperature is a T;, the value of a is

8. Consider one mole of helium gas enclosed in a container at initial pressure P; and volumeV/;. It expands
isothermally to volume becomes 32V;. The work done by the gas during isothermal and adiabatic expansion

processes are Wig,and W4, , respectively. If the ratio VKV& =fIn2,then fis :

adia

9. A spherical bubble inside water has radius R. Take the pressure inside the bubble and the water pressure to be
Po- The bubble now gets compressed radially in an adiabatic manner so that its radius becomes (R-a). For a<<R
the magnitude of the work done in the process is given by, where X is a constant and y = C,,/C,, = 41/30. The
value of X is

10. A mixture of ideal gas containing 5 moles of monatomic gas and 1 mole of rigid diatomic gas is initially at

pressureP, , volumel/,, and temperatureT,. If the gas mixture is adiabatically compressed to a volume V, /4,
then the correct statement(s) is/are,(Given 212=2.3; 232 9.2: R is gas constant)

(@)The work |W| done during the process is 13RT,

(b)The final pressure of the gas m0069ture after compression is in between 9P, and 10P,

(c)The average kinetic energy of the gas mixture aft4ee4r compression is in between 18RT, and 19RT,
(d)Adiabatic constant of the gas mixture is 1.6

11. One mole of a monatomic ideal gas goes through a thermodynamic cycle, as shown in the volume versus

temperature (V-T) diagram. The correct statement(s) is/are: [R is the gas constant
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R el

|

T
Ty2 Ty 37,2 2T, r

(@) Work done in this thermodynamic cycle
(1-2-3-4-1)is|W|=%RT,
(b) The above thermodynamic cycle exhibits only isochoric and adiabatic processes.
(c) The ratio of heat transfer during processes 1 - 2 and 3 - 4 is Q;.,,/Q2_3 =5/3
(d) The ratio of heat transfer during processes 1 - 2 and 3 = 4 iS Q1_2/Q23 =1/2
12. One mole of an ideal gas in initial state A undergoes a cyclic process ABCA, as shown in the figure. Its
pressure at A is P,. Choose the correct option(s) from the following

2\ ’
AV~ B
A
VO
>
Ty T
(a)Internal energies at A and B are the same (b)Work done by the gas in process AB is Py, In 4
(c)Pressure at C is % (d) Temperature at C is 7;—"

13. The figure shows the P-V plot of an ideal gas taken through a cycle ABCDA. The part ABC is an semi
circle and CDA is half of an ellipse. Then,

P

s y

IRV
\

I C

0 I 2 3V

(@) 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 A - B — C is zero
(d) Positive work is done by the gas in the cycle ABCDA
14. In a thermodynamic process on an ideal monatomic gas, the infinitesimal heat absorbed by the gas is given by
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15.

TAX, where T is temperature of the system and AX is the infinitesimal change in a thermodynamic quantity
X of the system. For a mole of monatomic ideal gas

X= %R in (T1)+R In (VL). Here R is gas constant, V is volume of gas T, and Vare constants. The List-1 below
A A

gives some quantities involved in a process and List-11 gives some possible values of these quantities.

List-1 List-11

(1) Work done by the (P) 3 RT,/In2
(2) System in process

1-2-3

(3) Change in internal (Q)éRT0
Energy in process

1-2-3

(4) Heat absorbed by (R) RT,

The system in
Process1 -2 -3

(5) Heat absorbed (S) gRT0
By the system
In process 1 - 2 (T) §RT0 (3+ In2)
(U)2RT,
P
3P 4
StV 3
2
|
PO """" ? ’ 52
: 1
Yo 2 Vo

If the process carried out on one mole of monatomic ideal gas is shown in the figure PV-diagram with PV, =
%RTO , the correct match is,

(@ [ - QI - RII—SIV->U

(b) I -S,1I ->RII—-QIV->T

() I - QI »RII—PIV-U

d I-Q,II->SII->RIV->U

One mole of a monatomic ideal gas undergoes four thermodynamic processes as shown schematically in the
PV-diagram one is isochoric, one is isothermal and one is adiabatic. Match the processes mentioned in List-I
with the corresponding statements in List-1I.
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P\ IV Y I
L N
Vv, 3V, S
List-1 List-11
P. In process | 1. Work done by the gas
is zero
Q. In process 1l 2. Temperature of the gas
Remain unchanged
R. In process Il 3. No heat is exchanged
Between the gas and its
Surroundings
S. In process IV 4. Work done by the gas is
6P,V,
@P—-40Q0-3R->1S-2 b)P>1;,Q—>3;R>2;S—>4
C)P-3;Q0—-4R-1;,S-2 P->3;,0-4R->25->1

DIRECTIONS Q.NO.16, 17, and 18: By appropriately matching the information given in the three columns of
the following table. An ideal gas is undergoing a cyclic thermodynamic process in different ways as shown in the
corresponding P-V diagrams in column 3 of the table. Consider only the path from state 1 to state 2. W denotes
the corresponding work done on the system. The equations and plots in the table have standard notations as used
in thermodynamic processes. Here Y is the ratio of heat capacities at constant pressure and constant volume. The
number of moles in the gas in n.
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Column 1 Column 2 Column 3

1
O Wi :H(szz -hV) (i) Isothermal P) Pt

»
>

\%

.

M W, =—PV, +PV, (i) Tsochoric @Q  p4

v

1 2
1
| 2
1
o (Vy : L
(IV) W,_,, =-nRT In v (iv) Adiabatic S) 5

16. Which one of the following options correctly represents a thermodynamic process that is used as a
correction in the determination of the speed of sound in an ideal gas?

v
PJI
) Wy, =0 (iii) Isobaric ®R)
e
[_) F 3
|
-

(@) (H(i)(Q) (b) (IV)(ii)(R)

(©) (1N(Iv)(R) (d) (D(v)(Q)
17. Which one of the following options is the correct combination?

(@) (IV)(ii)(S) (b) (1D (Ii)(S)

(©) (IN(iv)(P) (d) (INGv)(R)

18. Which one of the following options is the only correctly representation of a process in which AU = AQ
PAV?

(@ (I)(iv)(R) (b) (H1)(iii)(P)
(c) (I(iii)(S) (d) (I(iii)(P)

19. One mole of a monatomic ideal gas is taken along two cyclic processes E - F - G - Eand E - H = E as
shown in the PV diagram. The processes involved are purely isochoric, isobaric, isothermal or adiabatic.
Match the paths in List | with the magnitudes of the work done in List Il and select the correct answer using
the codes given below the lists.
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P A
32P, 5
n
L) e — G
V(l - V
List I List 1l
P.G-E 1. 160PyV, In 2
Q.G—-H 2. 36P,V,
R F->H 3. 24P, V,
S F-G 4. 31PyV,
Codes:
P QRS
@4 3 21 (b4 3 12
©3 124 d13 2 4

20. The piston is now pulled out slowly and held at a distance 2L from the top. The pressure in the cylinder
between its top and the piston will then be

@) Py (b) 2>
2+ (d) 2-22

pPR2 PR2
21. While the piston is at a distance 2L from the top, the hole at the top is sealed. The piston is then released, to a
position where it can stay in equilibrium. In this condition, the distance of the piston from the top is

@) {2 }2L) (b) (2oL
©) (2oL () (o}l

22. The piston is taken completely out of the cylinder. The hole at the top is sealed. A water tank is brought below
the cylinder and put in a position so that the water surface in the tank is at the same level as the top of the
cylinder as shown in the figure. The density of the water is p. In equilibrium, the height H of the water
column in the cylinder satisfies

(@) pg(Lo — H)* + Py (Lo — H) + LoPy =0 (b) pg(Lo — H)* = Py (Lo —H) - LyPy =0
(©) pa(Lo — H)* + Py (Lo — H) - LoPy =0 (d) pg(Lo — H)* = Py (Lo —H) + LyPy =0

Explore more at www.physicsfactor.com



Adaptive Problems Book in Physics (Vol. 14) Thermodynamics

Answer Key
1.(2) 2.(a, b, c) 3A-prt;B—-p,rnC—-q,s;D-r,t
4.A-q;B-p,1; C-p, s; D-q,s. 5.A-q;B-p,s;C-s;D-1r,q.  6.(c)
7.(4) 8.(1.78) 9.(2.05)
10.(a, b, d) 11.(a, ¢) 12.(a, b)
13.(b, d) 14.(a) 15.(c)
16.(d) 17.(b) 18.(d)
19.(d) 20.(a) 21.(d)

22.(c)
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Solutions: Beginner Test - |

During driving, temperature of the gas increases

while its volume remains constant. So, according
to Charles' law, at constant V. p o T. Therefore,

pressure of gas increases.

Because sudden compression of a gas is an
adiabatic process. According to the first law of
thermodynamics,

AQ =AU + AW

“AQ=0

-~ AU = AW

AW = negative because work done on the gas

Thus, AU increases and gas temperature rises.

The conditions for an isothermal process are
(i) The walls should be diathermic.
(i) The process should be quasi-static.

First law of thermodynamics gives,
AQ =AU + AW

For an isothermal expansion, AU = 0.
S0, AQ =AW

For an isothermal expansion of the ideal gas
work done by the gas is equal to the heat given to
the ideal gas.

In opening of bottle, adiabatic expansion of gas
causes lowering of temperature.

Here, m =60 kg, g =10 m/s?, h=10m
In going up and down once, number of

kilocalories burnt = (mgh + mgh/2) = g mgh

—§>< 60x10x10 _E
2 4.2x1000 7

Total number of kilocalories to be burnt for
losing 5 kg of weight =5 x 7000 = 35000 kcal

~ Number of times of the person has to go up and
down the stairs

35000 35x7
15/7

kcal

x10% =16.3x10%times

Here, mass of gas, m=2 x 102kg=20g

Explore more at www.ph
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Rise in temperature, AT =45°C
Heat required, AQ =?
Molecular mass, M = 28

Number of moles, n= m_ & =0.714
M 28

As nitrogen is a diatomic gas, molar specific heat
at constant pressure is

C. = 7R=%><8.3 Jmolt K1

P2
As AQ=nC, AT
~ AQ=0.714 x % x8.3x45])=933.4)
Let m; and m; are masses of bodies with specific

heats s1 and sy, then if their temperature after they
are in thermal equilibrium is T.

7 7,

m,s, | | m,s,

Then, if T1 > T > T, and assuming no heat loss.

Heat lost by hot body = heat gained by cold

M1S1 (T1—T) =myS2 (T —To)

M:T [equilibrium temperature]
m,s, + m,s,

So for, bodies to settle down to mean
temperature,

mi=myands; =s;

means bodies have same specific heat and have
equal

Then, T= L ;TZ [mean
temperature]
P V) Case (i1)
" PV
p Case (i) ®, V)
0] V— V/ g

The p-V diagram for each case is shown in the
figure. In case (i) piVi = piVs, therefore process is




Adaptive Problems Book in Physics (Vol. 14)

11.

12.

isothermal. In case (ii), pressure is constant, work
done = area under the p-V curve, so work done is
more when the gas expands at constant pressure.

10.

(i) - process is adiabatic

~AQ =0

Work done on the gas, AW =-500J
According to the first law of thermodynamics.
AQ =AU + AW = AU =-AW = 500J

(i) This is because heat absorbed by a substance
(coolant) is directly proportional to the specific
heat of the substance.

(iii) This is because in a harbour town, the
relative humidity is more than in a desert town.
Hence, the climate of a harbour town is without
extremes of hot and cold.

Given, work done (W) =—-22.3J

Work done is taken negative as work is done on
the system.

In an adiabatic change, AQ =0

Using first law of thermodynamics,
AU=AQ-W=0-(-22.3)=22.31

For another process between states A and B,
Heat absorbed (AQ) =+ 9.35 cal
=+(9.35x4.19) J=+39.18 J

Change in internal energy between two states
via different paths are equal.

~AU =223

-~ From first law of thermodynamics,
AU=AQ-W

or W=AQ-AU
=39.18-22.3=16.88 1= 16.9J

Consider (say pu mole) an ideal gas, which is
undergoing an adiabatic expansion. Let the gas
expands by an infinitesimally small volume dV,
at pressure p, then the infinitesimally small
work done given by dW = pdV

The net work done from an initial volume V1 to
final volume V- is given by

W =" pdv

For an adiabatic process, pV" = constant = K

13.

14.

Thermodynamics

w2 _ _ \Varas K
..vv_jvl (Kv7)dv —K[_}/+J

Vi
KV, 7™ — KV, 7™
(1-7)
For an adiabatic process,
K= plvly = p2V27
_ P, zy ‘Vz_Hl - plvl;/ 'Vz_y+1
(1-7)
1
= m( pzvz - plvl)

For an ideal gas, p1V1 = uRT: and p2V2 = uRTo.
So, we have

W

1
W= —[,uRT2 —,uRTl]

(1-7)
- %[Tl -1,]
(i) Work done by the gas (let pV¥2 = A)
AW = [ pav = Afvvj%/: AL/ﬂzI
_2A(\7; - )

=2 plvlllz [V21/2 _V11/2 }

(ii) Since, T =pV /nR = AWT

—
T. V.

Thus, 2= /—2 =2
Tl Vl

(iii) Then, the change in internal energy

AU=U;—U; = gR(TZ—Tl)z gRTl(ﬁ ~1)

AW =2A N, (V2 —1)=2RTy(V2 -1)
According to first law of thermodynamics,
AQ =AU + AW

AQ = (7/2)RT: (+/2 1)

Slope of p = f(V), curve at (Vo po) = f(Vo)
Slope of adiabat at (o, po)

=K (—}/)VO‘H =—yp, 1V,
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15.

Now, heat absorbed in the process p = f(V)
dQ =dU + DW =nCydt + pdV

Since, T = (1/nR) pV = (1/nR) V f(V)

~ dT = (1/nR) [f(V) + V f(V)] dV

Thus, d—Q
dv

S ) ) £ (%)

YEA

Heat is absorbed when dQ/dV > 0 when gas
expands, that is when

7P +Vo f'(Vy)>0
(Vo) > 7Py 1V,

A cyclic process restores the system back to its
initial state after completion of the cycle.
r,

iLf

NN

|

o

As internal energy is a state function, so its
value at initial point is same as that at final point
(initial state is same as that of final state).

p

A

AQ = 12.6cal

A
AW =-40.5]

>V

Adiabatic

0
For adiabatic process A — B,

AQ =0, so by first law of thermodynamics,
AQ =AW + AU

or AU=-AW=—-(-405)=405]

For another process, A — B,

AQ = +12.6 cal

=126 x4.19J=52.81J

and by first law of thermodynamics,

AQ = AW + AU
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AW = AQ — AU
AW =528 -40.5=12.3 ]
[as AU is a state function, AUag is same for this
process also]

16.
Here, heat removed is less than the heat supplied
and hence the room become hotter.

17.
No, a ship cannot be moved in a sea by the use

of the energy of sea water because refrigerator is
against the second law of thermodynamics.

18.

All sorts of dissipative forces, e.g. force of
friction, viscous drag, electrical resistance, non-
elasticity, thermal radiation, convection etc.,
make a real process irreversible.

19.

The coefficient of performance of a refrigerator
depends on the temperatures of source and sink.

20.

Efficiency of Carnot engine, 7=1— T
1

. 273K _ 100
373K 373
= 0.268 = 26.8%

21.

According to second law of thermodynamics,
heat energy cannot converted into work
completely.

22.
Q, 3

As we know,—:T—Zz—
Ql Tl 5
1—% :l—T—2
Ql Tl
Q —-Q, 500-300

Q 500 [ Q- Q2= W]

w_z
Q 5

= Q, =103><g = 2500

23.

(i) Because in the hilly area, temp of
surrounding is lower than that of plains.
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As 7 _1_T_2 and T; = temperature of sink source.

T, So, forn =1 or 100%, T, =0 K or heat is

(i) No, it is not constant quantity, as inside, rejected into a sink at O K temperature.

temperature of the refrigerator decreases, it is 21.

coefficient of performance also decreases. Let the initial temperatures of hot and cold

(iii) According to the second law of reservoirs were Ty and T». The efficiency of the

thermodynamics whole of the heat cannot be Carnot engine is given by

converted completely into work. Some part of o T-T ]

R . . S t ” _ 1 2

the heat that is not converted into work is O, Initially 77 =——— - (1)

released by the engine to the atmosphere (as !

sink). As given the temperature of both the reservoirs

Thus, thermal pollution will always occur. Is raised by equal amountt, so T,=T, +t and
24 T, =T, +t. The final efficiency of the Carnot

engine will be
LT, (T, +t)—(T, +1)

Given, T1 =600 K, T, =200 K
Efficiency of Carnot engine,

T,-T, 600-200 T (T.+1)
L 600 T,-T, )
) o
+
:@:E=66% ) .l. . .
600 3 Dividing Eq. (ii) by Eq. (i), we have
Real efficiency = Energy—o_utput (Tl_TzJ
Energy input ! T, +t T
n_\1 =< 1t .. (iii)
T,-T, +
__ 2 _0u47=47% 7 [12) '
1x4.2 T
Real efficiency Asn'=n, i.e. the efficiency of Carnot engine
Carnot engine efficiency decreases.
28.
:ﬂ =0.71 H - -1
66 ere, Q2 =250 Js
25, T,=-23°C=-23+273=250K
The efficiency of a heat engine is stated as the T1=25°C=25+273=298K
ratio of the net work done by the heat engine Q, T,
and heat absorbed by the working substance. We know, S = WoT-oT
1 2
Suppose a heat engine absorbs Q1 heat from the
hot reservoir and gives Qz heat rejected to the W W= Q(M-T,)
colder reservoir. So, the work done by the T,
working substance is 95D (298 250) 050 48
W=0Q:-Q: W = = X
- . 250 250
So, efficiency of heat engine
W W =48 Js!
n= a = % =1- % 29,
' ' ' (i) Waterfall- The falling of water cannot be
reversible process. During the water fall, its
26. potential energy convert into kinetic energy of

Efficiency of a Carnot engine is given by the water.

On striking the ground, some part of potential
n= 1_T_z energy converts into heat and (sound not
T possible that heat the sound). In nature, it

1
. automatically convert the kinetic energy and
where, T, = temperature of sink y gy
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potential energy so that the water will rise back
so waterfall is not a reversible process.

(i) Rusting of iron- In rusting of iron, the iron
become oxidised with the oxygen of the air as it
is a chemical reaction, it cannot be reversed.

30.

31.

32.

W = work done by engine = Q1 — Q:

and W = work done supplied to refrigerator
=Q3— Q4

Q1—-Q2=Q3—-Qq

R Q _Q Q
Dividing by Qp, 1— <2 = <8 _ 4
Viding by Q: Q Q Q

A reversible process must pass through
equilibrium states which are very close to each
other so that when process is reversed, it passes
back through these equilibrium states.

Then, it is again decompressed or it passes
through same equilibrium states, system can be
restored to its initial state without any change in
surroundings.

e.g. If a gas is compressed as shown

& v\;\\\\\\\\\\

But a reversible process can proceeds without
reaching equilibrium in intermediate states.

6k

Compression

Expansion

Forengine A, T:=800K, T,=TK
. T T
Efficiency, =1-2=1-—
Yo =TT T Boo

Also,&zT—zzL
Q T, 800

Work output,

Q,
A:]'__
{ " Qj

orw, =(1—L)Q1

W,=Q,—-Q,=7m,xQ

800
For engine B, T/=TK, T,=300K
- T, 300
Efficiency, n, =1-2=1-"—"
Y, g T T
Work output,

’ ! ’ 300 !
We =Q - Q; =15 xQ :(1_TJQ1

Since, the engine B absorbs the heat rejected by
the engine A, so

cw, =[1-3%
e

(i) When outputs of the two engines are equal,
WA = WB

T 300
o (1;):(1_@)&
800 T )Q

_(7.800) T
T 800

On solving, we get T =550 K
(i) When the efficiencies are equal, 77, =7,

T, 30
800 ~ T
Or T2 = 24 x 10¢

~T=4899K

Q1'=Qz

Orl1-

Solutions: Beginner Test - 11

Water is flowing at a rate of 3.0 litre/min.

The geyser heats the water, raising the
temperature from 27°C to 77°C.

Initial temperature, T, = 27°C
Final temperature, T, = 77°C

~Rise in temperature, AT =T, —T;
=77 -27=50°C
Heat of combustion = 4 x 10* J/g
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Specific heat of water,c=4.2J g1 °c™1

Mass of flowing water, m = 3.0 litre/min = 3000
g/min

Total heat used, AQ = mc AT
=3000 x 4.2 x 50

=6.3 x 10> J/min

~Rate of consumption =

6.3x105 _ 15.75¢g
4x10*  min

Mass of nitrogen, m =2.0 x 10~%kg =20 g
Rise in temperature, AT = 45°C

Molecular mass of N,, M = 28

Universal gas constant, R =8.3Jmol~t K1

2.0x1072x103
Number of moles, n=— = 2=2=_*=2
M 28

Molar specific heat at constant pressure for
nitrogen

=0.714

C =ZR =Z><83 = 29.05/mol*K!
p=5 5 %8 :

The total amount of heat to be supplied is given
by the relation:

AQ =nCp AT
=0.714 x 29.05 x 45
=933.38J

Therefore, the amount of heat to be supplied is
933.38 J.

a) When two bodies at different temperaturesT,
and T, are brought in thermal contact, heat flows
from the body at the higher temperature to the
body at the lower temperature till equilibrium is
achieved, i.e., the temperatures of both the bodies
become equal. The equilibrium temperature is
equal to the mean temperature (T + T,)/2.

only when the thermal capacities of both the
bodies are equal.

b) The coolant in a chemical or nuclear plant
should have a high specific heat. This is because
higher the specific heat of the coolant, higher is
its heat-absorbing capacity and vice versa.
Hence, a liquid having a high specific heat is the
best coolant to be used in a nuclear or chemical
plant. This would prevent different parts of the
plant from getting too hot.

c) When a car is in motion, the air temperature
inside the car increases because of the motion of
the air molecules. According to Charles’ law,
temperature is directly proportional to pressure.

Explore more at www.ph
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Hence, if the temperature inside a tyre increases,
then the air pressure in it will also increase.

d) A harbour town has a more temperate climate
(i.e., without the extremes of heat or cold) than a
town located in a desert at the same latitude. This
is because the relative humidity in a harbour
town is more than it is in a desert town.

The cylinder is completely insulated from its
surroundings. As a result, no heat is exchanged
between the system (cylinder) and its
surroundings. Thus, the process is adiabatic.

Initial pressure inside the cylinder = P,
Final pressure inside the cylinder = P,
Initial volume inside the cylinder = V;
Final volume inside the cylinder = 1/,
Ratio of specific heats, y = 1.4

For an adiabatic process, we have:
PV =P,V

The final volume is compressed to half of its
initial volume.

A
“Vp=s
VY
A = Py ()
P _ )
2= = (2)Y = (2)'* = 2.639
T @ =@
2

Hence, the pressure increases by a factor of
2.639.

The work done (W) on the system while the gas
changes from state A to state B is 22.3 J. This is
an adiabatic process. Hence, change in heat is
zero.

~AQ=0

AW = -22.3 J (Since the work is done on the
system)

From the first law of thermodynamics, we have:
AQ =AU + AW

Where,

AU = Change in the internal energy of the gas
~AU=AQ — AW =— (- 22.3))

AU=+223]

When the gas goes from state A to state B viaa
process, the net heat absorbed by the system is:
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AQ=9.35cal =9.35x4.19=39.1765J

Heat absorbed, AQ = AU + AQ

~AW = AQ — AU

=39.1765-22.3

=16.8765J

Therefore, 16.88 J of work is done by the system.

a) 0.5 atm
b) Zero

c) Zero

d) No
Explanation:

a) The volume available to the gas is doubled as
soon as the stopcock between cylinders A and B
is opened. Since volume is inversely proportional
to pressure, the pressure will decrease to one-half
of the original value. Since the initial pressure of
the gas is 1 atm, the pressure in each cylinder
will be 0.5 atm.

b) The internal energy of the gas can change only
when work is done by or on the gas. Since in this
case no work is done by or on the gas, the
internal energy of the gas will not change.

c) Since no work is being done by the gas during
the expansion of the gas, the temperature of the
gas will not change at all.

d) The given process is a case of free expansion.
It is rapid and cannot be controlled. The
intermediate states do not satisfy the gas equation
and since they are in nonequilibrium states, they
do not lie on the P-V-T surface of the system.

Work done by the steam engine per minute, W =
5.4 x108]

Heat supplied from the boiler, H=3.6 x 10° J

.. . Output
Efficiency of the engine =—————-9%
Input energy

W 54x10°
DT H T36x10°
Hence, the percentage efficiency of the engine is 15
%.

Amount of heat wasted = 3.6 x 10° — 5.4 x 108
=30.6 x10%8 =3.06 x 10°J

Therefore, the amount of heat wasted per minute
is 3.06 x 10° J.

0.15

Heat is supplied to the system at a rate of 100 W.
~Heat supplied, Q =100 J/s

Thermodynamics

The system performs at a rate of 75 J/s

~Work done, W =75 J/s

From the first law of thermodynamics, we have:
Q=U+W

Where, U = Internal energy

“U=Q-WwW

=100-75

=251J/s

=25W

Therefore, the internal energy of the given
electric heater increases at a rate of 25 W.

Total work done by the gasfromDto Eto F =

Area of ADEF
Area of ADEF =§DE>< EF

Where,

DF = Change in pressure
=600 N/m? — 300 N/m?
=300 N/m?

FE = Change in volume
=50m3-2.0m3

=3.0m3

Area of ADEF =300 3=450]

Therefore, the total work done by the gas from D
to E to F is 450 J.

Temperature inside the refrigerator,

T, =9°C=282K

Room temperature, T, =36°C = 309K
Coefficient of performance = T /(T2- T1)
=282/(309-282) = 10.44

Therefore, the coefficient of performance of the
given refrigerator is 10.44.

Solutions: Expert Test - |

(b) Given, mass of water, m = 1g
Volume of 1g of water = 1cm® = 10° m?
Volume of 1g of steam = 1671 cm?
=1671 x10°m?

Pressure, p =1 x 10° Pa

Latent heat of vaporization of water,

L = 2256 J/g

Change in volume,
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AV = (1671-1) x 10 m3

=1670 x 10° m?3 .. (D)

Heat supplied,

AQ =mL =1 x 2256 = 2256 J .. (i)

As the steam expands, so the work done in
expansion is

AW = pAV
=1x10°x 1670 x 10°® [from Eq.(i)]
=167 ... (iii)

According to first law of thermodynamics,
AQ =AU + AW

AU = AQ — AW
=2256 - 167 [from Eq. (ii) and (iii)]
=2089J

(b) According to the question,

Heat spent during the conversion of sample of
water at 100°C to steam is,

AQ =54 cal =54 x4.18 J
=225.721
Normal pressure, p = 1.013 x10% Nm2

Net work done during the conversion would be
given as

AW =pAV

=P [Vsteam — Vwater]

Here, Vsieam = 167.1 cc = 167.1 x 105 m3
Vwater =0.19 =0.1cc = 0.1 x 108 m3

~ AW =1.013 x 105 [(167.1 —0.1) x 109
=1.013 x 167 x 10!

=16.917J

Now, by the first law of thermodynamics,
AQ =AU + AW

Where, AU is the change in internal energy of the
sample.

AU = AQ — AW

Substituting the values in the above equation, we
get

AU =225.72 - 16.917 = 208.7 J

(c) pV-diagram for an ideal gas is given as

Thermodynamics

p
L . ]
[nitial Final
state state
VI

From the pV diagram, it is clear that pressure of
ideal gas in the piston cylinder is constant during
thermodynamic process. Hence, this process is
isobaric.

(@) Since, the entire system is thermally
insulated. Thus, their will be no transfer of heat
between the system and the surrounding. Hence,
when the stop cock is suddenly opened, a sudden
process of expansion will takes place with no
heat transfer. Thus, the given process will be
adiabatic, as it is a process that occurs without
transferring heat or mass between a
thermodynamic system and its surroundings.

Hence, correct option is (a).

(a) In an adiabatic process, the system is
completely insulated from the surroundings.
Thus, heat is neither absorbed nor released by the
system to the surroundings. So, AQ = 0.

Sudden processes are adiabatic like bursting of
cycle tyre, etc.

If the pressure of gas is kept constant, then the
process is called isobaric, i.e. Ap = 0.

If the temperature of the system remains
constant, then it is called isothermal process, i.e.
AT =0.

If the volume of gas is constant in a system, then
it is called isochoric process, i.e. AV =0.

(c) According to the given graph,

Volume (V) o Temperature (T)
Or LA constant
T

Thus, the process is isobaric.
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O Tn Tg T—
~ Work done, AW =pAV
=nRAT = nR(TB — TA) (I)
Heat absorbed AQ =nC, AT
=nCp (Te—Ta) -..(11)
As, C :ﬂ, where, 7/=1+E
Pyl f

For a monoatomic gas, f=3
C, =[R+§Rj=§R
2 2

Substituting the value of C, in Eq. (ii), we get
2Q=n( 3R (T, -T,)

nR(T, =T
Hence, AW _ (s =T =§

AQ n@Rj(TB -T,)

(b) In isochoric process, the curve is parallel to y-
axis because volume is constant. Isobaric is
parallel to x-axis because pressure is constant.
Along the curve, it will be isothermal because
temperature is constant.

So,P->C=>Q—>a=>R—->d=>S—->b

() The solution of this question can be
understood by plotting a p-V graph for the
compression of a gas isothermally and
adiabatically simultaneously to half of its initial

volume. i.e.
' Adiabatic curve
; Isothermal curve

Vv/2 Vv
Volume V. ——

E

T —

Thermodynamics

Since, the isothermal curve is less steeper than
the adiabatic curve. So, area under the p-V curve
for adiabatic process has more magnitude than
isothermal curve. Hence, work done in adiabatic
process will be more than in isothermal process.

(b) According to guestion,

Net work done = Area enclosed in pv curve i.e.
AABC

Area of AABC

E><5><10*3><4X105J

2
10% J =1000 J

(b) Efficiency of Carnot engine is given as
T.

n=1--2%
Tl

where, T, = temperature of sink

and Ti = temperature of source.

Hence, n depends upon the temperature of
source and sink both.

(c) Efficiency of an ideal heat engine is given as

T
n=1--2%

Tl
Where, T; is the temperature of the source and
T, is the temperature of the sink.

Here, T, =100 + 273 = 373K
T,=0+273=273K
. 273
IETE]
_373-273 100 _ 0
373 373

# 1% =0.268 x 100 = 26.8%

Consider schematic diagram for a Carnot engine
as shown below.
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| T
2 | *= Low temperature
reservoir

T . High temperature
rj reservoir

In case of engine,

work W

Engine efficiency= """  _ 77
heatabsorbed ¢,

LW

g 10

10 _ 1 orgy=1001
g 10

When this engine is reversed, it takes in work W
and heat g2 from cold reservoir and ejects 100 J
of heat to hot reservoir.

-'-W+QZZQ1
10+qg2=1000rqg>=901J

(b) Given, temperature of source,
T=30°C=30+273=>T;=303K
Temperature of sink, T, =4°C =4 + 273
T,=277K

As, we know that

Q_T _+W _ T row=0Q,-Qu}
Q T, Q, T,

Where Q: is the amount of heat drawn from the
sink (at T2), W is work done on working
substance, Q1 is amount of heat rejected to
source (at room temperature T1).

WT;, + T2Q2 = T1Q2
WT, =T1Q2— T2Q:
WT,=Q2(T1—Tb)
T.
v-afi]

2

W = 600><4.2><(@—1)
277

W =600x4.2x [Ej
277

W =236.5 Joules

Workdone ~W _ 236.5

Power = - =
Time t 5

14.

Thermodynamics
=236.5W
(b) For a refrigerator, we know that
Q__Q T
W Ql - Qz T1 _Tz
where,

Qi1 = amount of heat delivered to the room
W = electrical energy consumed

T1 = room temperature = t; + 273

T, = temperature of sink =t + 273

. % 3 t +273
1t +273—(t,-273)
_t+273
Ql - t1 _tz
Solutions: Expert Test - 11
1.

(a)AU remains same for both paths ACB and
ADB

4P
C B

A D

—V
AQacs = AWacs + AUacs
60J=30J+ AUAacs

Uace =301

& AUaps = AUacg = 30J
AQaps = AUape + AW aps
=10J+30J=401J

(d) Volume of water does not change, no work is
done on or by the system (W =0)

According to first law of thermodynamics
Q=du+WwW

For Isochoric process Q = dU

AU =pcdT =2 x 4184 x 20 =16.7 kJ.

(a) As we know,

AQ = Au + Aw (Ist law of
thermodynamics)

AQ = Au + PAv

or 150 = Au + 100(1 — 2)

= Au—100
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~Au=150+100=2501J

Thus the internal energy of the gas increases by
250

(b)Temperature change AT is same for all three
processes A — B; A—Cand A —» D

AU = nC\AT = same

Eas = Eac = Eap

Work done, W =P x AV

AB — volume is increasing = Wag > 0
AD — volume is decreasing = Wap <0

AC — volume is constant = Wac =0

(c) In adiabatic process
PV = constant

4
- P[m] = constant (V :m]
p P

As mass is constant
s Poc p'y

If P; and Ps be the initial and final pressure of the
gas and pi and pr be the initial and final density of
the gas. Then

P [&]7 ~(32)"

Pi

(a) From the corresponding V-T graph given in
guestion,

Process xy — Isobaric expansion,
Process yz — Isochoric (Pressure decreases)
Process zx — Isothermal compression

Therefore, corresponding PV graph is as shown
in figure

P

(b) Given, V1 =1 litre, P, =1 atm

V, =3 litre, y = 1.40,
Using, PV'" = constant
RV, =RV,

14
P2=P1XGJ -1 am

3 4.6555
- Work done, W = LFI)ZVZ
}/ —

x 3)1.01325 x10°x10°°

Ix1- 1
_ 4.6555

Thermodynamics

0.4
=90.11J
Closest value of W =90.5J

We know that Relaxation time,
|4 .

ﬁ ....... (l)

Equation of adiabatic process is

TV = constant

T =

To L
vt
1+Y :
Tt V=" 2z using (i)
y+1
TxV 2

(0) AUz = — (AUcs) = — (~ 180) = 180 J

Q=250+60=3101J
Now Q = AU + W
Or310=180 +W
Orw =130

10.

(c) As the process is isochoric so,

Q=nc,AT = 67.2 ><3—R>< 20
224 2

=90R =90 x 8.31
=~ 748 J.

11.

(b) We have given,

o]

When V1i=Vy
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12.

13.

14.

15.

16.

1 P
P=P|1-=|==2
=h 111
WhenVZ:ZVo
P,=P, 1_1 l = B
2\ 4 8
AT =T,-T, = ﬂ——PZVZ T :ﬂ
nkR nR nR

1
AT = ‘(ﬁ)( RV, - szz)

(1 RVs TRV,
nR 2 4

_5RV, 5RV,
4nR 4R

( n= 1)

(c) Internal energy depends only on initial and
final state

So, AU = AUg
Also AQ=AU+W
As Wa > Wpg

AQa > AQs

(b) Suppose amount of water evaporated be M
gram.

Then (150 — M) gram water converted into ice.

So, heat consumed in evaporation = Heat
released in fusion

M x Ly = (150 — M) x L
M x 2.1 x 106 = (150 — M) x 3.36 x 10°
M=20g

(d) a — Isobaric, b — Isothermal, ¢ —
Adiabatic, d — Isochoric

(b) Total work done by the gas during the cycle
is equal to area of triangle ABC.

o~ AW = E x4 x5
2
=10J
(b) Equation of adiabatic change is
TVr-1 = constant

7 7
Put y=—,weget: y-1=—-1
v 5 get y 5
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17.

18.

19.

(b) Work done,
W =PAV =nRAT

= E x8.31x 70
2
~ 2911

(a) Equation of the BC

op, 22

0

(V-2V,)

Using PV =nRT
2P\V?

PV —
Temperature, T = 0

+4PV

Thermodynamics

1xR
(** n =1 mole given)

2
L VA
R v,

d—T=O:>5—ﬂ=0
av V,

0
Vzgv0
T:& 5><%—£><§VO2
R 4 V, 16

_25RY,
8 R

(c) The equation for the line is

AV

Pz_—POV +3P [slope = _—PO,C-SPO]
VO VO
PVo + PoV = 3PoVo . ()
But pV =nRT
nRT .
PzT .. (i)
From (i) & (ii)
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”\;ﬂvo +PV =3PV,

~NRTVy + PoV2 =3PqVoV ... (III)

. dT
For temperature to be maximum v =0
Differentiating e.q. (iii) by ‘V’ we get

dT
MRV, -+ Ry (V) =3RV,

dT
RV, = 3RV, ~ 2RV

dT 3RV, - 2PV

dv nRVY,
Mo
2

V=

Pz% [From (i)]

9PV,
=—— [From (iii
max = o0 [ (ii)]

20.
(a) Efficiency of heat engine is given by
hoW :1_& R R 2

0T, TR s
2
(+ Cp—Cy=R)

. 5
For monatomic gas C, =3 R.

21.
1
@ 7= N\ [3RT
o
V M
T C—
N3
As, TVr1=K
y+1
So, Tx V2
Therefore, q= }%1

22,
(a) As, P = %(%j

U

But — =KT*
Vv
So, P= 1kt
3
URT 1

or — ==KT* [AsPV = uRT]
\Y 3

4 373

§7rR T° = constant

Therefore, T oc%

23.
(b) In VT graph
ab-process : Isobaric, temperature increases.
bc process : Adiabatic, pressure decreases.
cd process : Isobaric, volume decreases.
da process : Adiabatic, pressure increases.

The above processes correctly represented in P-

V diagram (b).
24.

(d) In cyclic process, change in total internal
energy is zero.

AUcycIic =0

AU, =nC,AT =1X§AT

Where, C, = molar specific heat at constant
volume.

For BC, AT =- 200 K
=~ AUgc = - 500R
25.
(c) Given : work done, W =830 J
No. of moles of gas, p =2
For diatomic gas y=1.4
Work done during an adiabatic change

W = ﬂR(Tl _Tz)
y-1

830 — 2x8.3(AT) _ 2><8.3(AT)
14-1 04

T :830><O.4
2x8.3
=20K
26.

(b) Volume of the gas
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27.

28.

v=m and
d

Using PV" = constant

PV _(dy
P Vv' (d
Or 128 = (32)"

wy=—=14
"%
(@) Initially, Volume V1 = 5.6, temperature = T,

and y = > (for monoatomic gas)
3

The number of moles of gas, n= 56l _1
2241 4

Finally (after adiabatic compression)
V,=0.71

For adiabatic process

Tlvlyil = Tzvzyil

VY (56"
AT, =T, [\71] :T{ﬁj
] .

=T1(8)2/3 =4T;
Work done in adiabatic process

1
_nraT _ 4 RIL 4T
3

=§Rn

W

For adiabatic process,
TVr1 = constant
or, TV, =TV,
T,1=20°C +273 =293 K,
V. 7
V,=-2Land y=—
T
y-1 v, Y
(V) =T, =%
=T

2/5
293=T, (ij
10

T, =293(10)%% ~ 736 K
AT =736 —293 =443 K
During the process, change in internal energy

29.

30.

AU = NCvAT = 5><%><8.3>< 443

~ 46 x 103 J =X kJ
~ X =46.

For an adiabatic process,
TVr1 = constant
Tlvlyil :Tzvzyil
14-1

V.

16
T, =300 x (16)°4
Ideal gas equation, PV = nRT
wv="RT

P

V = KT (since pressure is constant for isobaric
process)

So, during isobaric process

T, =(300)

Vz = sz (I)
2V2 = ka (II)
Dividing (i) and (ii)
1.5
2 T,
Tr=2T2 =300 x 2 x (16)°*
=1818 K
(a)
AP
B c
3P, [ >
P, ] > D
> 7

Vo 27,

From the figure,
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31.

32.

Work, W = 2PV,
Heat given, Qin = Wag + Wac
=n-C, AT,z +NC AT,
3R n5R
= n?(TB _TA) +T(TC _TB)

( C =3—Rand Co :ﬁj
2 2

\

3 5
:E(PBVB - PAVA)+E(PCVC ~PV,)

=gx[3p0v0 - P0V0]+g[6POVO ~3RV,]

=3PV, + % PV, = %1 PV,

W 2RV, 4

Efficiency, n=— =
Y. 7 ) 21PV 21
? oYo
17%=4—00z19
21

Workdone W
Heatabsorbed Y>Q

(c) Efficiency, n=

_Q+Q,+Q; +Q,
Q+Q,
Here, Q; = 1915 J, Q. =40 Jand Qs = 125 J
1915-40+125+Q,
h 1915+125
1915 — 40 + 125 + Q, = 1020
Q. = 1020 — 2000
Qs=-Q=-9801J

=0.5

=05

Q=9801J
(d) For carnot refrigerator
Efficiency = Q-Q

1
Where,

Q. = heat lost from surrounding
Q2 = heat absorbed from reservoir at low
temperature.

AISO, M —
Q Q

33.

34.

35.

Thermodynamics

1 w

0 Q
Q:=wx10=1001J
S0,Q:1—Q2=w
Q2=0Q1—w
100-10=Q, =90

(b) Let Qn = Heat taken by first engine

Q. = Heat rejected by first engine

Q2 = Heat rejected by second engine

Work done by 1% engine = work done by 2"
engine

W=Qn-QL=QL-Q2

2QL=0Qn+ Q2

O, 0

HL 0L

Let T be the temperature of cold reservoir of
first engine.

2:

Then in carnot engine.

Q_Hzlandgzl
QL T QZ T2
T, T
2=-2+-2 using (i
T g (i)
2T=T,+T>
T=E+E
2

. T.
b) Using, n=1--2
(b) g T

1

nzlz:]__-l-_2
6 T,
and 2 —1- 12 =2
3 T

1
On solving, we get
T, =99°Cand T, =37°C

(b) According to question, r, =7, =1,
Ly B L
T, T, T,

[+ Three engines are equally efficient]
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36.

37.

38.

T, =TT, . ()
T, =TT, (D)
From (i) and (ii)

T,= (T12T4)% T, =(T,1/ )%

T =Ty _ Wy
T Q
According to question,
Wa =Ws
LQ L L-L T
Qz Tz T1 _Tz Tz
_N+T
2
600 + 400
==
=500 K

and, 7, =

2T,

(@) Given: Temperature of cold body,

T, =250 K

Temperature of hot body; T1 =300 K

Heat received, Q2 = 500 cal work done, W =?

Efficiencyzl—T—2= W
T Q+W
_250__w
300 Q,+W
_%_500x4.2\]
9] 5
=420

(b) Work-done (W) = PoVo
According to principle of calorimetry
Heat given = Qag = Qsc
=nCvdTag + NCpdTgc

3 5
=E(nRTB - nRTA)+§(nRTC ~nRT,)

3 5
=§(2POV0 - POVO)+E(4P0V0 —-2RV)

13
= ? POVO

Thermodynamics

Thermal efficiency of engine
w 2
(7)=5—

Qgiven ) E
=0.15

(d) AH=mL = 5 v 336 x 10% = Quin

Qsink — Tsink
Qsource Tsource
Q — Tsource x ok
source sin
T

sink

Energy consumed by freezer

T
Woutput = Qsource — Qsink = Qsink(—_liource —1]

sink
Given: Tsource = 27°C + 273 = 300K,
Tsink =0°C + 273 =273 k

300
Woutput = 5x336x 103 (ﬁ —l)

=1.67 x 10°J

(d) The entropy change of the body in the two
cases is same as entropy is a state function.

(b) Given: Q:=10001J
Q2=6001J

T, =127°C =400 K

T,=7

n="?

Efficiency of carnot engine,
n= w x100%

1

or, = Q=Q 1000
Q
~ 1000 -600

Or,
= 1000

x100%

n =40%
Now, for camot cycle Q2 _ T2

1 1
600 T,
1000 400
~ 600400
21000
=240 K
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=240 - 273
2 Tp=-33°C

42.

Heat is extracted from the source would be
in path DA and AB.

N

g A B
2p,p-mmnmm--
1 D | EC

Thus heat supplied
= nCv(ZTo-To)+nCp(4To-To)
3nRT, N 5nR(2T,)

2 2
_ 13n§T0 _ % PV,
43.
Given,

Heat absorbed, Q2 = mL =80 x 100 = 8000 Cal
Temperature of ice, T, = 273 K

Temperature of surrounding,
T1=273+27=300K

Efficiency =
w Q-Q T,-T, 300-273
Q Q T, 273
Q,—8000 27
8000 273
Q. = 8791 Cal
44,
Given;
T: =900 K, T, =300K, W =1200J
Using, 112 - W
T1 Ql
300 _1200
900 Q
2 1200
3 Q
Q. = 1800

Therefore heat energy delivered by the engine to
the low temperature reservoir, Q2 = Q1 —W =
1800 — 1200 = 600. 00 J

Solutions: Pro Test - |

Applying first law of thermodynamics to path iaf

Qiag = AUjqr + Wiy

500 = AUjq + 200

AUjqr =300

Now,

Uia= AUjqs + Wy, + Wy =300 + 50 + 100
Qip + Qpy =450

Also Q;, = AUy, + Wy,

Qip =100 +50 + 150 J ...(ii)

Qibr-Q;, _ 300 _

; ..\ Q
From eq. (i) & (ii) QL;Z T om 150

(@ b, c)

Let spring is compressed by x on heating the gas.

(@) Asgas is ideal monatomic,
PVy _ Py
LT
Force on spring by gas = kx
P, =P + ka ( A = area of cross — section of
piston) ...(ii)
When V, = 2V;, T, = 3T

PiVi _ P2 X(2 =3
T, 3Ty P, = 2 Py
Putting this value of P, in eqn. (ii) we get

PiA

3 = = —
SPEP R x= 2

VooVh _2ViiVy _ V4
A A A

Energy stored in the spring
=1,,2-1 k"
=3 kx =3 (kx)(x) = "

(b) Change in internal energy,

3,3
U=l -Pv) =2 G P x2v - PV)
(c) Again, when V, =3V; and T, = 4T} then
From eqgn. (i),

Pavy _ Py Gads, pzzgp1

T1 4T1
_ Vi _2v
T A A
Form eqgn. (ii),

tp=p +E> gz 24
3 A 2

Work done by gas = Work done by gas on at
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Energy stored | spring.

Wy = PLAX + = kx? = Py(2Vy) + 7 (29 (5)
=2PVi+ PV = 2PV

(d) AQ= W + AU

=S PVi+ S(PoV; - PiVY)

:§P1V1+ zi(s Py X 3Vy = P1V;)

A-p, 1, t; B-p,r’ C-q, s; D-r, t
(A) Process A— B

This is an isobaric process, P = constant and
volume (V) of the gas decreases. Therefore, work
is done on the gas.

W = (3V-V) = 2PV
Also V decreases so temperature at B decreases
= Internal energy U decreases.

From, Q = U + W as U and W decreases so Q
decreases that means heat is lost.

(B) ProcessB — C

This is an isochoric process V = constant
pressure decreases

P o« T is temperature also decreases.
W=0; AU = negative so AQ negative
Hence heat is lost.
(C) ProcessC —» D

This is isobaric, Pressure P = constant V
increases and V o« T so T increases. Hence
AW, AU and AQ + ve so heat gained by the gas.

(D) ProcessD — A
Applying PV=nRT
for DP (V) = 1R Tp = Tpp = =~

for ABP (3V) = 1R T, + Ty = =~

i.e., the process is isothermal

~AU =0
Now, AQ = AU+ W
~AQ =W.

As volume decrease in this process so W
negative i.e., wow done on the gas and AQ
negative hence heat is lost.

(A) (q): As the ideal gas expands in vacuum, and
the container is insulated therefore W =0 & Q =
0 and according to first law of thermodynamics

AU=Q+W - AU =0

Thermodynamics

Hence there is no change in the temperature of
the gas of T is constant.

(B)- (p, r): Given P Vizor,PV2 = constant
Or, nRTV = constant
~ V x T = constant

As the gas expands its volume increases so
temperature decreases

We knowthat Q=nCAT ...(0)
For a polytrophic process
C=C+R/1-nand PV™ = constant

Here PV2 = Constant. ~.n=2

= R —c, —rR=3R_pr=%
+C=Cy+—==C—R=2R—-R=71

Q=nCAT =n X g X AT.
i.e. AT is negative, Q is negative so heat is lost.

As volume increases, so temperature decreases
given

4
(C)-(p, s) P « = — PV5 = constant.

V3
~n=4/3.
2C=Cp+ ——=3p4+E_32p_3p=3&
1-4/3 2 -1 2 2

» Q =NCy9AT = n(—D)At

As AT is negative, Q is positive. So gas gains
heat.

(D)- (g, S): FromPV =nRT » T =

fl—z PV increase So T increases volume
increases so W increases.

From Q = AU + W, Q increases.

Hence the gas gains heat.

From the given P-V graph, In process J - K

volume,

V = constant p is decreasing and P < T
Therefore, T should also decrease.

~ W =Pdv =0, AV = AQ <0 (negative)
From AQ = AU + AW

In process K — L, p = constant = nC,AT V is
increasing So temperature should also increase.

~ AW = Pdv > 0, nCy AT >0 and
Q = mCAT >0

InprocessL > MV =
constant P in crease to T increases

~W=0, AU>0and Q>0
In process M — |
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Thermodynamics

V is decreasing .. AW < 0
T is also decreasing . AU < 0 and AQ <0

(c) -~ PV" = constant

P3V5 = constant — PV5/3 =constant . y =
5/3

For the two step process
W=p (V; — V; ) =10%(7 x 1073) =
7 x 10?]

=1 _py)=-L(1 2 _ 102
AU = (Pf vy — PV;) = = (5x 102 — 10?)
AU=2.2 x 10% = 2102]
From flrst law of threnody mimics
Q-W=AU

9 47
Q=7 ><102—§><102 =5 % 102 ]
=588]

(4) For an adiabatic process, applying TV¥~1 =

constant

Twi ™ =T, " =T, (—)Y 1
y = 1.4 (for diatomic gas) V= —2, Ti=TiT2=
aT;i

s Ti=aTi[o ]°4=—aT. sa=4

(1.77 t0 1.78)

. 5
For monatomic gas , y 3
In adiabatic process
PiV1Y = PVyY
= E(4v1)5/3 = P2(32V1)5’3

- 5/3 =
= Pz = (1/8) 128

Ande P1V1 PZVZ/

W = (AP), x47R%

avg
d—P4 R
2

forsmallchange (AP),,, < P>arthemetic mean

avg
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PV’ =c
=>dP :—7/EdV = —7—P°47rRza
\% \

7/P° x4rR?*ax 47R%a

P
__ 7 ~x4zR%ax47R%
2X4rR

= (4pRan2)3?7
~.x=2.05

10.
(a, b, d)
Adiabatic constant of the gas mixture,
nlel + nZCp 5><—+1><—

=16
SR
nC,+nC, e

Vm =

For an adiabatic process, P,y =Constant
1.6

V.
~P =P, (7°> = Py(4)"°
= P0(22)1'6 == P023'2 = 92P0
Work done during the process,

Vi
_PZVZ—P1V1_9-2P0X(T0)_P0V0

1-y 1-1.6
13P,V,
6
But PyVy = 6RTy(asn=5+1=6)
W = —@ = —13RT,.. |W|
= 13RT,
The average K.E. of the gas mixture,
K.E=nCVy; xT,

FromTy v/ ™ = T,i) ™"

6
Or, T2 = Tl(Z)E = 23To
~K.E =nCVyp; x Ty = 23RT,
11.

The P-V graph of the given V-T graph is given
below.

(a) Work done during cyclic process
(1-2-3-4->1)W

0
= area enclosed in the loop = P?VO

POVO nRTO

.. PoVo=nRTy T =

nRTO RTO

. Work done W = == [asn=1]
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12.

13.

14.

(b) Process 1—2 is isobaric

Process 2— 3 is isobaric

Process 3— 4 is isobaric

Process 4 — 1 is isobaric

Hence no adiabatic process is involved.

© |AQi-, | =
InC,AT|=|nC, (2T, -T,)|=|nC,T, |

|AQz-s| = [aU| = |ncoaT| = |ne,To |
. | A Qioz | _ % _5
4Q2-3 G 3
(d) | AQss| =nC, 2
Q12 néplo _ 2
| A4Q3—4 | - ncp% 1
(a, b)

Here, Ty = Tg..Uy = Up

AISO POV0 = PB X 4V0
Py

pp=P
BTy

Work done

4V,
WAB = nRTO 10ge —
Vo

= POV0 loge 4 [POV0 = nRTo]

(b, d)

(@) Process A-B is not isothermal. In case of an
isothermal process we get a rectangular
hyperbola in a P-V diagram.

(b) In process B—»C—D, AU is negative. PV
decreases and volume also decreases; therefore,
W is negative. From first law of
thermodynamic, Q is negative i.e., there is a
heat loss.

(c) Wyg > Wge. Therefore work done during
path A—»B—C is positive.

(d) Work done is clockwise cycle in a PV
diagram is positive.

15.

16.

17.

Thermodynamics

@1 Wyp3 =Wy + Wy 3[Wo3 =
0,AV = 0]

:PO X VO = 0
= PV =22 |PoVo = 5 RT, given]|
~I-Q

II. AU1_>2_,3 = AU1_>2 + AU2_>3
= nCvATl_,Z + nCvATz_)3

3R 3R
=1x 7(Tf — Tl-)l_)z +1x 7[Tf = Ti]2_>3

3
= E [ZPOVO - PoVo]

3[3P,

1
3POV0 - 3 X§RTO - RTO
[I—-R
M. Q15253 = Q152 + Q253
= nCpATl_)z + nCvATz_)3

5 3[3P,
=EPOVO+1XE|:TX2VO_POX2VO:|

8PV 8 RT, 4RT

—_ ==X —=—

2 90727 3 T30

11-S

IV. Q152 = nCAT,, = nCy(Ty — T;)

1XER[M_M] [PV:TIRT]
2 R R

—SPV _5(RT0>_5RTO

27007203 /)7 6

IV- U

(c) Process 1 is adiabatic therefore AQ=0

Process Il is isobaric P = constant therefore
W = P(Vz - V1)

- 3P0(3V0 - V0)6POV0
Process Il is isochoric V = constant therefore
W=P(V2—V1)=0

Process IV is isothermal, temperature T =
constant, Au=0

(d) Laplace’s correction of the speed of sound in
ideal gas is related to adiabatic process.

P-V curve in adiabatic process is steeper than
isothermal
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(b) Work done in isochoric process is zero for (P V; = P, 1)
which we get a vertical line in P-V graph, graph _ LoPo
(5)- P T len
18.
(d) AU = AQ — PAV f 0
W=-PAV =—P(V; =V;) = =PV, + PV} 1 L~
which is the formula for isobaric process, so = | J,p - -
h - 04 —— = -
graph (P) iy B
19. — V= = = _

]
~
I
I
I
1

(@) Weg = Po(Vo — 32V,) = —31P,V,

Substituting this value of E from (i) and (ii)
WGH = P0(8V0 - 32V0) = —24P0V0

PV, LoPo _ p 4 (1o - 1)
(Wen) asiabatic = PeVy — ﬁ Lo—H -0 0 Py
32P,(Vp) —LoPy = Py(Lo — H) + (Lo — H)*pg
= P0(8V0) _—1 _E = 36P,V, N pg(Lo _ H)Z + PO(LO _ H) — LyP,
3
Vr Y
(Wr¢)isothermar = NRT In (_) = PV (_)
Vi Vi

32V,
= 1(32POV0) loge I—
Vo
= 32POV0 loge 25 = 160POV0 loge 2
(a) is the correct option
20.

(a) AS the cylinder is open at its bottom and has
a small hole at its tope, hence the pressure inside
the cylinder is atmospheric pressure, P,
throughout the slow pulling process.

21.
(d) Let x be the distance of the piston from the
top.
At equilibrium Mg = (P, — p)mR?
Mg
—P=" + Py

Since the cylinder isothermally conducting
temperature, T = constant
Applylng P1V1 = P2V2

Py
POX(ZLXERZ)=px><7rR2—>x=;><2L

P
=—02 _  x2L
[P~ 27
0 nR2 ,
R
=[Py x ————— x 2L
[0 POnRZ—Mg]

22.
(c) At equilibrium, p =P
—p =Py + (Lo —H)pg ...(1)
Also Py X (TR%L,) = p[nR?*(Ly — H)]
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Chapter Summary

Assumption of Kinetic Theory

1. Molecules of gases are moving randomly in all
directions.

2. Size of molecule is very less in comparison to
average separation between molecules.

3. Molecules do not exert any force on each other or
on wall except during collision.

4. All collisions are elastic.

5. Molecules obey Newton’s laws.

6. Gas is in steady state i.e density distribution of
molecules is same throughout.

Some Basic Definitions
Avogadro's Number (Na) :
(@ The number of molecules present in 1 mol of a
gas is defined as Avogadro's number.

Na = 6.022 x 10% numbers
Molecular weight (M) :
(@ The quantity in 1 mol of matter is its molecular
weight.
(b) M =mNa (m =mass of a single molecule)
Meaning of NTP : NTP means normal temperature
and pressure.
(@) Temperature at NTP=0°C =273 K
(b) Pressure at NTP =76 Cm of Hg - column

= 1.013 x 10° Newton/meter? or Pascal
= 1 atmosphere.

(¢) Volume of 1 mol of gas at NTP = 22.4 litre
Some common Symbols and Constants
R = Universal gas constant = 8.314 J/mol-K
Mo = Molecular Mass
m = Mass of each molecule in Kg = M/Ng
No = Avogadro's constant = 6.023 x 1023
k = Boltzman's constant =R/N, =1.38x102J/K
P = Pressure of the gas in N/m?
T = Temperature in Kelvin
N = Total number of molecules
d = Density of gas = nM/v
n =No. of moles
Pressure of an ideal gas
Derivation:
Lets calculate the change in momentum of each
particle in all directions

Explore more at www.ph

Kinetic Theory of Gases
Ap, =2mV,
Ap, =2mV,
Ap, =2mV,

‘m’ is the mass of one molecule
n = no of molecules per unit volume
Pressure on one wall, due to collisions

P =+ :[2va j.l.n.(Avat)

inst. — A At A

P,, =mnVv,?

avg

V24V 4V2 =V

v2 =1y
3
Pog = % mnv”’
p_iMy
3V
N
n=—
V
Pressure exerted by the gas is
1
P==pV:
3p rms
Root Mean Square Speed
3P
Vims = 4|~
yof
Vins = % M: total mass of gas
s = SRT Mo : molar mass of gas
MO
n —no of moles
2 2 2
It is defined as v, = \/Vl Vo He by
n

ijdN %
Alsoas v__ =
rms IdN

Here if
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N1 molecules have speed v,
N2 molecules have speed vz, then

P =1nmv2
3

_3[ RNt
2\ N,

Kinetic Energy per unit molecule
KE_3,
N 2

ks = Boltzmann’s constant = R =1.381 x 105
A

R =8.314
Na = 6.022 x 10%
Different Velocities of Molecules of a Gas

(1) Instantaneous velocity (7): Velocity of
molecule at any instant of time.

(2) Instantaneous speed (|7|): Speed of molecule
at any instant of time
(3) Average velocity (V):

IV _ Vi Vy+ Vg
N N
because molecules are in random motion
(4) Average speed (|V ) :

- P
<y>=yVy= =0

- - -
AR

<|V[>=|v]|=

N N
\ 7M \ M V' m

(5) Most probable speed (vimp) : This is defined as
the speed with which maximum number of
molecules travel.

Kinetic Theory of Gases

_ [2RT _ [2kT
mENTM A Tm

(6) Mean square velocity (V?): Average of the
squares of instantaneous velocities of all the

molecules.
2 2 2 2
V2> =yl= 2VT VY, Yy
N N

(7) Root mean square speed (RMS speed ) (Vims) :

DAV LRV Vie
Vims = =
N N

:\/BRT :\/3kT :\/BPV _ [sP
M m nM d

Ideal gas Equation

PV =nRT
p_rM
RT

N
Where n=—X no. of moles
NA

Distribution of Molecular Speed

Maxwell derived an equation giving the distribution
of molecules in different speed.

If dN represents the number of molecules with
speeds between v and v + dv, then

m 3/2 ,
dN =4zN ( j vie ™ 2T gy

27kT
dN 32 —m?
o NVZT 3/2e mv</2kT
dv
1L
AN |- - - -
Temperature
N :v\\r'm V : Speeds of
molecules
v

The speed Vmps at which dN/dv is maximum is
called the most probable speed
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Kinetic Theory of Gases

ﬂk
(dN/dv) |- === === =

Temperature (T)

' .
) A - [y
[Ny o
.A-\d\—‘ﬁ.d\ _J"jlxm -N

=N = Area of o} .

N v ol v Vidy VY Speedsof

mp molecules

v

The important features of speed distribution
curve:

1. The speed at which dN/dv is maximum, is called
most probable speed vmp. Its value is given by

2kT
Vi = =
m

2. The number of molecules with speeds v to v + dv
is equal to the area of the strip.

Area = N = constant= total no. of molecules

3. At higher temperatures, molecules have more
energy, curve is broader and flatter.

4. At lower temperatures, molecules have lesser
energies, curve is narrower and sharper.

1\ T\Cold gas T,
! T <T, <y

Room
temperature gas T,

N of molecuoles

Hot gasT,

v

A
<
A
<
-
o3

Average speed
Defined as the arithmetic mean of the speeds of the
molecules of a gas at a given temperature.

av

Most probable speed
Speed with which the largest number of molecules
in a gas are moving. At any temperature it is given

by
fZRT f2kT
Vmp = [— = _
M m

Degree of Freedom (f)

The number of independent ways in which a
molecule or an atom can exhibit motion or have
energy is called its degrees of freedom.

(1) Translational (2) Rotational (3) Vibrational
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For Monoatomic

f = 3 always (no affect of temperature)

For Dia-atomic

f=3+2=5 (At normal temperature)

2’ Additional VKE + VPE will come for
diatomic, triatomic and polyatomic linear and non-
linear molecules

f=3+2+2=7 (At high temperature)

Law of Equipartition of Energy

“The total energy of an ideal gas molecule is
distributed equally among all of its degrees of
freedom”

E= % keT per molecule per degree of freedom

E= % RT per mole per degree of freedom

Where kg is Boltzmann’s constant and
T is absolute temperature

Kg = Ni =1.38 x 1022 J/IK

A

Energy density (Ev)
E = Total energy/Volume = E/V

£ =5 [t =5

2|V 2
p—g E V2

3 Zp rms
EV=§P

2

Internal Energy for Different Types of Gases
Total internal energy of n moles of a monoatomic
gas at a temperature T is given as

U=1f2nRT
Mean Free Path (1)

Average distance travelled by the molecule between
two successive collisions.

total distance travelled
total number of collisions

1 z(ﬂi+/12+....+/1Nj
mean N

Mean free path =
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Statistical study of heat gives the mean free path as:
1 KT

A= A=—r—
\/E/Z'ndz \/EﬂdzP

where d is the diameter of molecule,

n is the number molecules per unit volume

P is the pressure of the gas

kg is Boltzmann’s constant

Dalton's Law of partial pressure:

" The pressure exerted by a mixture of several gases
equals the sum of pressures exerted by each gas
occupying the same volume as that of the mixture"
for n gases

i.e. P=P;y+Py+Ps+ ... P, .

Where P = pressure exerted by mixture

P: P2, Ps .. Pn = partial pressure of the
component gases

Avogadro's Law:

At the same temperature and pressure, equal
volumes of all gases contain equal number of
molecules or moles

Imp. Facts:

(@ At=T =273 Kand P = latm, (STP), 22.4 liter

of each gas has Ny = 6.023 x 1023 molecules or in

other words. "One mole of gas at STP occupy 22.4
liter of volume™

(b) This means, that at STP mass of 22.4 litre of a
gas is equal to it's mol. wt.

(c) This implies that 32 gm oxygen (O2), 28 gm
Nitrogen (N2), 2 gm Hydrogen (H.) etc. occupy the
same volume = 22.4 liters at STP.

Beginner Assumptions of KTG

1. According to kinetic theory of gases, which of
following statement will be true.
(a) Ideal gases cannot be liquified
(b) The molecules of ideal gas do not obey
newtons laws of motion.
(c) Pressure of gas is always inversely
proportional to its volume
(d) molecules of gas never move in straight
line.

Solution:Correct option is A.
According to Kinetic energy of gases:
The ideal gas cannot be liquefied because the
intermolecular forces in ideal gas are negligible.
In case of negligible intermolecular forces, the
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molecules will have free random motion. This is
possible in gaseous state. In liquid state, there is
restricted motion of molecule. The molecule are
held by intermolecular force in liquid state.

2. According to Kinetic theory of gases,

(a) The velocity of molecules decreases for
each collision

(b) The pressure exerted by a diatomic gas is
proportional to the mean velocity of the
molecule.

(c) The K.E. of the gas decreases on expansion
at constant temperature.

(d) The mean translational K.E. of a diatomic
gas increases with increase in absolute
temperature.

Solution:

Correct option is D.

Options:

(A): One cannot say velocity of molecule
decreases in each collision.

(B): The pressure exerted by a diatomic gas is
proportional to rms speed, not mean speed.

(C): Since temp is constant, KE will be constant.
(D): Mean translational KE, is proportional to
temp, hence will increase with increase in
absolute temp.

3. Which of the statement is correct with
reference to kinetic theory of gases?

(a) There is no loss of total kinetic energy of
the molecules of the gas due to elastic collision.
(b) There is no potential energy associated
with any molecule of the gas

(c) The molecules are moving randomly and
obeys the Newton’s laws of motion.

(d) All of the above

Solution:(d)

4. Which of the following statement is not
according to the postulates of Kinetic theory of
gases?

(a) Gas molecules are of small size

(b) Gas molecules are always in motion with
all possible velocities

(c) There is no force between the molecules
(d) None of these

Solution:(d)

5. In Kkinetic theory of gases, it is assumed that
molecules —

(a) Have same mass but can have different
volume
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(b) Have same volume but masses can be
different.

(c) Have both mass and volume different
(d) Have same mass but negligible volume.

Solution:(d)

6. Which of the following quantities is zero on an
average for the molecules of an ideal gas in
equilibrium?

(a) Kinetic energy  (b) Momentum

(c) Density (d) Speed
Solution:(b)
Beginner Pressure & Kinetic Energy

1. The pressure exerted by the gas on the walls of
the container because
(a) It loses kinetic energy
(b) It sticks with the walls

(c) On collision with the walls there is a

change in momentum

(d) It is accelerated towards the walls
Solution:

The answer is C.

At microscopic level, pressure is the force

exerted by the gas molecules on the wall by

virtue of momentum change during their elastic

collision with the wall atoms.

2. Gas at a pressure Py is contained in a vessel. If
the masses of all the molecules are halved and
their speeds are doubled, the resulting
pressure P will be equal to

(a) 4Pq (b) 2 Po
(©) Po ) %

Solution:
The answer is B.

1mN
= §7 Urms

2
p X mUZTmS
So,
P, my, (vy\?
A ()

my/2 (20,

= )
=2
P, = 2P,
= 2P,

3. A box contains n molecules of a gas. How will
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the pressure of the gas be affected, if the
number of molecules is made 2n?

(a) Pressure will decrease

(b) Pressure will remain unchanged

(c) Pressure will be doubled

(d) Pressure will become three times
Solution:

The answer is C.

We know that from ideal gas equation, PV=nRT

now, n=number of moles if gasNiA, where N =

number of molecules of the gas and Na is the

Avogadro’s number.

So, putting the value of n in ideal gas equation,

we get PV = NiART

This means that pressure of the gas is
proportional to the number of molecules of the
gas at constant temperature and volume.So, if we
double the number of molecules of the gas (2x) ,
then pressure will also double.

4. The relation between the gas pressure P and
average kinetic energy per unit volume E is

@ P-2E (b)P=E
3 2
) P_EE (d)P_gE
Solution:
The correct answer is D.
3RT
Kinetic energy = -
3PV
=>K.E = T ,
Since, PV = nRT ,heren
= 1mole
Therefore,

2E
P = W , (E = kinetic energy)

As per guestion,

E
—=F (Asvolume =1)

%4

So,
_2E

P=73

5. A cylinder of capacity 20 litres is filled with H»
gas. The total average Kinetic energy of
translatory motion of its molecules is 1.5 x 10°
J . The pressure of hydrogen in the cylinder is
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(@) 2 x 10 N/m?

(c) 4 x 10° N/m?
Solution:

The correct answer is D.

(b) 3 x 10° N/m?
(d) 5 x 10° N/m?

Kinetic energy E = 1.5 X 10°], volume
V =20L=20x10"3m3
2E 2(15x10°
Pressure = 3V = 3 (—20 > 10_3>
=5x 10°N/m?

6. The root mean square speed of hydrogen
molecules of an ideal hydrogen gas kept in a
gas chamber at 0°C is 3180 metres/second.
The pressure on the hydrogen gas is
(Density of hydrogen gas is 8.99 x 102 kg/m?,
1 atmosphere = 1.01 x 10° N.m?)

(a) 1.0 atm (b) 1.5 atm
(c) 2.0 atm (d) 3.0 atm
Solution:

The correct answer is D.
R.M.S speed of H, = 3180 m/s

10~2kg
m3 "’

Ph, = 8.99 X

1 atm = 1.01 X 10°N /m?

1
Pressure, P = 3 pc?

1 899X 1072 x 3180 x 3180

X
3 1.01 x 10°
=3 atm

atm

7. If the mean free path of atoms is doubled then
the pressure of gas will become

(a) P/4 (b) P12

(c) P/8 (d)P
Solution:

The correct answer is B.

Ax1/P

When mean free path is doubled. Pressure
becomes half. So, the answer would be simply
p/2.

8. Relationship between P, V and E for a gas is

3 2
3 2
©) PV=§E (d) PV:EE
Solution:

The correct answer is D.

Pv=2 Nmc? = Z(le) 2 =2F
3 3\2 3
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9. The energy of a given sample of an ideal gas
depend only on its —

(a) Volume (b) Pressure
(c) Density (d) Temperature
Solution: (d)

10. When a gas is forced in a smaller volume
without change in temperature, its pressure
increases because its molecules —

(a) Strike the unit area of the container walls
more often.

(b) Strike the unit area of the container walls
at higher speed.

(c) Strike the unit area of the container wall
with greater force.

(d) Have more energy

Solution: (a)

11. The pressure of gas increases on raising the
temperature of a given gas in a container
because —

(a) The average velocity of molecules
increase so that per second the number of
collisions on the wall increases.

(b) The mass of molecules increases

(c) The molecules get smaller time to remain
in contact with the wall

(d) There is a loss of energy in each collisions
of the molecules

Solution:(a)

12. Average kinetic energy per molecule of an
ideal monatomic gas at 0°C
(k=138 x 102 JK?) is —
(@) 4.8x101'8J
(c) 5.6 x102J

Solution:(c)

E =ng =g><1.38><10'23 x273 =56 x 102

(b) 9.5 x 102 J
(d) 11.3 x 1022 ]

13. The value of universal gas constant is 8.3

J/mole/K, the mean kinetic energy of 32 gm
of oxygen at — 73°C will be

(a)480J (b)4980J
(c) 2490  (d) The information is incomplete

Solution:

The correct answer is C.

3
KE = EnRT
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3
=§><1><8.3><200

= 2490/
14. If number of molecules of H; are double than

that of O, then ratio of kinetic energy of
hydrogen and that of oxygen at 300 K is

(a) 1:1 (b) 1:2
(c) 2:1 (d) 1:16
Solution:

The correct answer is A.
We know that,
ExT
Therefore, the kinetic energy does not depend
upon the molecules of the gas. Hence, the
kinetic energies of both the gases at a given
temperature are same.
or EH, : EO, =1:1

15. The ratio of mean kinetic energy of hydrogen
and oxygen at a given temperature is

(a) 1:16 (b) 1:8
(c) 1:4 (d)1:1
Solution:

The correct answer is D. Kinetic energy is
function of temperature as KE=3/2 KBT. Hence
at same temperature ratesis 1 : 1.

16. The ratio of mean kinetic energy of hydrogen

and nitrogen at temperature 300 K and 450
K respectively is

() 3:2 (b) 2:3
(c) 2:21 (d) 4:9
Solution:

The correct answer is B.
KE = (3/2)KBT i.e KE < T
[{(KE)HZ}/{(KE)NZ}] = (THZ/TNZ)

Hence,

[{(KE)u2}/{(KE)n2}] = (300/450) = (2/3)

17. Mean kinetic energy (or average energy) per
gm molecule of a monoatomic gas is given by

3 1
1 3
Solution:

The correct answer is A.
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One gram molecule is the no. Of molecules
present in one mole i.e, 6.022 x 1023
molecules.

Therefore mean kinetic energy per gram
molecule of a monoatomic gas:

—3NkT
=5 Nks

3
= ERT since R = Nkg

18. The translatory kinetic energy of a gas per

gm is

3RT 3RT
@ 2N b)) 2 m
©) gRT (d) gNKT

Solution:

The correct answer is B.

3 3 RT R
E = ErT = Eﬁ( r = M)

19. The mean kinetic energy of a gas at 300 K is
100 J. The mean energy of the gas at 450 K is
equal to

(a) 100J (b) 3000 J
(c)450J (d) 150 J
Solution:

The correct answer is D
Average kinetic energy « Temperature
~ExT
(E2/Eqy) = (T3/Ty)
“ By = Ey X (T2/T1)
= 100 x (450/300)
=150
20. At what temperature is the Kinetic energy of

a gas molecule double that of its value of
27°C

(a) 54°C (b) 300 K
(c) 327°C (d) 108°C
Solution:

The correct answer is C.
3
Kinetic energy of gas (E) = 2 XkXT
Then,
% = k , Where k is Boltzmann constant
E, E
T, T,
Given,
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El =E,E2 = ZXE,Tl = 27°C = 300K,T2 =?
Then,T, =E2x;—1=2xEx3Eﬂ=6OOK

1

T, = 327°C
21. The average kinetic energy of a gas molecule

at 27°Cis 6.21 x 1072 J.

Its average Kinetic energy at 227°C will be

(@522x10%J (b)5.22x102J

(c) 10.35x102*J (d) 11.35x 102 ]
Solution:

The correct answer is C.

3kT
Mean KE = T
S0,k =1.38 x 10723
500
KE at 500 K,KE =3 x 1.38 x 10723 XT

=10.35 X 1072 Joule
22. A polyatomic gas with n degrees of freedom
has a mean energy per molecule given by

nkT nkT
@ N (b) on
nkT 3KT
© 2 d o
(N is Avogadro's number)
Solution:

The correct answer is C.

According to law of equipartition of energy, the
energy per degree of freedom is 1/2kT. For a
polyatomic gas with n degree of freedom, the
mean energy per molecule = % nkT.

23. Energy of all molecules of a monoatomic gas

3
having a volume V and pressure P is o PV
The total translational kinetic energy of all
molecules of a diatomic gas as the same
volume and pressure is

1 3

5
© 3"V (d) 3PV
Solution:

The correct answer is B.

Translational Kinetic energy depends upon
translational degree of freedom. These degrees
are three for monoatomic as well as diatomic
gases. Hence, under same pressure, equal

Kinetic Theory of Gases

volumes of monoatomic and diatomic
molecules have same translational kinetic
energy i.e. (3/2) PV.

24. Two gases are at absolute temperatures 300
K and 350 K respectively. Ratio of average
kinetic energy of their molecules is

(@7:6 (b)6:7
(c) 36: 49 (d)49:36
Solution:

The correct answer is B.
KE, T, 300 6
KE, T, 350 7

25. Find the average translational Kinetic energy
per molecule if one mole of the gas is
contained in avolume 1.23 x 10 m3 at a
pressure 2 x 10° N/m?. Avogadro’s number is
6.02 x 10% molecules/mole.

Solution:
Kinetic energy for translation per molecule is
K—3K T—3>< il X T but PV = net
=5 KT =3 N, u = ne
3 1 (P X V)
==X—X
2 NA n
3 1 (2 x10% x 1.23 x 1073)
==X X
27 6.02x 1023 1
_ 369X10° 6.12 x 10722Joul
T 602x 108 Joule

26. Which of the following quantities is the same
for all ideal gases at the same temperature?
(a) the translational kinetic energy of 1 mole
(b) the translational kinetic energy of 1 g
(c) the number of molecules in 1 mole
(d) the number of molecules in 1 gm
Correct options are A & C.

(a) the translational kinetic energy of 1 mole
(c) the number of molecules in 1 mole

Kinetic energy per mole of an ideal gas is
directly proportional to T. So, it will be the
same for all ideal gases.

Number of molecules in 1 mole of an ideal is
the same for all ideal gases because ideal gases
obey Avogadro’s law.

27. Which of the following quantities is zero on
an average for the molecules of an ideal gas
in equilibrium?

(a) kinetic energy (b) momentum
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(c) density (d) speed

Solution:

28.

Correct option is B.

The molecules move in all possible directions in
an ideal gas of equilibrium. Since momentum is
a vector quantity for every direction of motion
of the molecules, there exists an opposite
direction of motion of the other. Hence, the
average momentum is zero for an ideal gas at
equilibrium.

Consider the collision between an oxygen
molecule and a hydrogen molecule in a
mixture of oxygen and hydrogen kept at a
room temperature. Which of the following
are possible?

(a) the Kinetic energies of both the molecules
increases

(b) the kinetic energies of both the molecules
decrease

(c) kinetic energy of the oxygen molecule
increases and that of the hydrogen molecule
decreases

(d) The kinetic energy of the hydrogen
molecule increases and that of the oxygen
molecule decreases.

Solution:

29.

Correct options are C and D.

Assuming elastic collision between the oxygen
and hydrogen molecules, kinetic energy will be
conserved.

Increase in KE of oxygen and decrease in KE of
hydrogen, keeping the total energy conserved is
possible.

Increase in KE of hydrogen and decrease in KE
of oxygen, keeping the total energy conserved is
possible. Since KE is conserved, both cannot
increase or decrease.

Number of molecules in a volume of 4 cm? of
a perfect monoatomic gas at some
temperature T and at a pressure of 2 cm of
mercury is close to? (Given, mean kinetic
energy of a molecule (at T) is 4 x 10* erg, ¢
=980 cm/s?, density of mercury = 13.6 g/cm?®)
(@) 4.0 x 108 (b) 4.0 x 10%°

(c) 5.8 x 10'® (d) 5.8 x 10*8

Solution:

3

(a) Given: K.E. =§kT=4><10’14

mean

Kinetic Theory of Gases

P=2cmofHg,V=4cm?
PV _ PpgV 2x13.6x980x 4

KT KT 2 %107

N = ~ 4% 108

30. If 10?2 gas molecules each of mass 1072 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:

(@) 10* N/m? (b) 108 N/m?

(c) 10% N/m? (d) 2 N/m?

Rate of change of momentum during collision
_mv—(-mv) 2mv

N
At At
N x (va)
So, pressure P=————~=
At x A
10% x2x107% x10*

- =2 N/m?
1x1

31. In an ideal gas at temperature T, the average

force that a molecule applies on the walls of a
closed container depends on T as T9. A good
estimate for q is:

1
a) = b) 2
(@) > (b)
1
c)1 d) =
(© (d) 2
Solution:
(c) Pressure, P:lﬂvﬁnS
3V
N
or, P:(m )T
\Y

If the gas mass and temperature are constant then
Poc (VIrmS )2 ocT

So, force oc (V)" oc T
i.e, Valueofg=1

32. A given sample of an ideal gas occupies a

volume V at a 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?
(a) p/(kT)

(c) p/(kTV)

(b) pm/(kT)
(d) mkT

(b) As we know that
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Pressure, p:l-mvfms
3V

' m = mass of the gas, V = volume of the gas

% = density of the gas. Thus,

1 , 1 3RT pRT
P=ZPVis =3P =
2 37 M, ™,

[3RT
K Vrms =

_ pM, _ pmN ,
RT  kN,T
[ R =Nak and Mg = mNa]
_pm
P
Expert Pressure & Kinetic Energy

1. Consider a gas with density p and c as the
root mean square velocity of its molecules

contained in a volume. If the system moves as

whole with velocity v, then the pressure
exerted by the gas is

@ ¢ ) Sp(c+vy

© 3p(e-v)

Solution:
The answer is A.

Root-mean-square speed is the measure of the
speed of particles in a gas which is most

1 P 2
ORI

convenient for problem solving within the kinetic

theory of gases

oo 3RT
M
o 3PV
T M
’BP
c= |—
p
p 1
P==C2==pC?
3 3P

2. The average kinetic energy of a gas at —23°C
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and 75 cm pressure is 5 x 107 erg for H, .
The mean kinetic energy of the O, at 227°C
and 150 cm pressure will be
(@) 80 x10*erg  (b) 20 x 104 erg
(c)40x10erg  (d) 10 x 10 erg
The answer is D.
E = avg.KE = (3/2)KgT
i.e.ExT
(E1/E3) = (T1/T2)
E; =5%x10"ergat T, = —23°C
= (273 — 23)°K = 250K
T, = 227°C = 227 4+ 273 = 500K
=~ [(5x 107 /E,]
= [250/500]
~E;,=10%x 1071 erg
3. At 27°C temperature, the kinetic energy of an

ideal gas is E; . If the temperature is increased
to 327°C, then kinetic energy would be

1
(a) 2E4 (b) > E,
(©) VZE, (m%a

Solution:

The answer is A.

3
E=EkT=>EocT

E, T, 600
T E, T, 300
E2:2E1

4. The average translational kinetic energy of O,
(molar mass 32) molecules at a particular
temperature is 0.048 eV. The translational
kinetic energy of N, (molar mass 28) molecules
in eV at the same temperature is

(a) 0.0015 (b) 0.003
(c) 0.048 (d) 0.768
Solution:

Average translational kinetic energy does not
depends upon the molar mass of the gas.
Different gases will possess same average
translational kinetic energy at same temperature
Hence c is correct.
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5. The average translational energy and the T, = 300K

r.m.s. speed of molecules in a sample of E,=E

oxygen gas at 300 K are 6.21 x 102! J and 484 T, = 400K

m/s respectively. The corresponding values at

600 K are nearly (assuming ideal gas B2=E

behaviour) as KE «xT —as KE = (3/2)KBT

(a) 12.42 x 101, 968 m/s (E2/E1) = (T2/T1)

(b) 8.78 x 10?17, 684 m/s ~ (E1/E) = (400/300)

(c) 6.21 x 10217, 968 m/s ~ (E;/E) = (4/3) = 1.33

(d) 12.42 x 10 1], 684 m/s 8. A parallel beam of particles of mass m moving
Solution: with velocities v impinges on a wall at an angle

The correct answer is D. 0 to its normal. The number of particles per

E = average energy = 6.21 x 10721] unit volume in the beam is n. If the collision of
particles with the wall is elastic, then find the

Vims = rms speed = 484m/s )
pressure exerted by this beam on the wall.

T, = 300K
ASET,if T p
= 600K, temperature is doubled so energy
(E)will also be doubled Py [
~E=2x621x%x1072%1] =1242 x1072Y P, D
6. Vessel A is filled with hydrogen while vessel B,
whose volume is twice that of A, is filled with
the same mass of oxygen at the same

temperature. The ratio of the mean kinetic
energies of hydrogen and oxygen is

L AV
Solution:

The speed of particles in the direction
perpendicular to the wall = v cos 6,

(8)16:1 (b)1:8 _ ) . ,
©8:1 @)1:1 Since the collision is elastic, the change in
Solution: velocity occurs in the direction perpendicular to

the direction and equal to Av = v cos 6 —
(—vcosB) =2vcosh
Thus the change in momentum for each particle

The correct answer is D.
Mean Kinetic Energy,

KE, ZEKBT =2mvcosf
2 Thus pressure exerted on the wall = Force per
So, unit area
KE, H, %KBT 1 Total change in momentum per second per unit
= = — AP
KE,,0, 5 1 area = A

=KgT
2B 2.2

=nmAv X 2vcos 8 = 2nmv“cos<0
9. Pick the correct statement

(a) The r.m.s translational speed for all ideal

=1:1
7. The kinetic energy of one mole gas at 300K

temperature, is E. At 400K temperature
kinetic energy is E’ The value of E’/E is

4
(a) 1.33 (b) \/@

16
© 5 (d) 2

Solution:
The correct answer is A.
n=1

gas molecules at the same temperature is not
the same but it depends on the mass.

(b) Each particle in a gas has average
translational kinetic energy and the equation

%mv2 =ng establishes the relationship

rms

between the average translational kinetic
energy per particle and temperature of an
ideal gas. It can be concluded that every single
particle has a temperature T.
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(c) If the temperature of an ideal gas is
doubled from 100°C to 200°C, the average
kinetic energy of each particle is also doubled
(d) It is possible for both pressure and volume
of a monoatomic ideal gas to change
simultaneously without causing the internal
energy of the gas to change.

Solution:

Correct options are A & d.
We know that

. 3RT _ [3RT
rms — M - mNA
3KT
Vims = 7

Here,
T = temperature
m = mass

rms translational speed is depend on mass and
temperature. Therefore, option A is correct.

3RT
Vims = 7

Since PV = Nrt, therefore P and V both can
change simultaneously keeping the temperature
constant.

10. 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
10-2° kg, Boltzmann's constant kg = 1.38 x 10~
23 JK—l)

(@) 5.016 x 10* K (b) 8.362 x 10* K

(c) 2508 x 10K (d) 1.254 x 10* K

Solution:

(b) Key Concept The minimum velocity with
which the body must be projected vertically
upwards, so that it could escape from the Earth's
atmosphere, is its escape velocity (Ve).

As, v, =/20R

Substituting the value of g (9.8 ms) and radius
of Earth (R = 6.4 x 10° m), we get

V, =1/2x9.8x6.4x10°

Kinetic Theory of Gases

=112kmst=11200ms*
Let the temperature of molecule be T when it
attains ve.
According to the question,

Vims = Ve
where, Vs is the rms speed of the oxygen
molecule.

3keT =11.2x10°

m,,

_ (112x10°)"(m, )

(3ks)
Substituting the given values, i.e.,
Rg =1.38 x 102 JK* and
my, =m=2.76 x 10 kg

or

We get,
(11.2x10°)’ (276x10%)
T= =8.3626 x 10
(3x1.38x10*23)
K
Beginner Various Speeds

1. If pressure remains constant, find the

temperature at which Vs is half of its value
at 27°C.

At constant pressure, rms speed depends only on
the temperature

Urms &K \/T

Vrms _ E

17Irms TZ

Urms

Urms — 300
2 273+t

- 300
273+t

Squaring both sides, we get
300
C 273+t
1092 + 4t = 300
4t = —1092 + 300 = —792
792

=——=—1 o
t 2 98°C

2. To what temperature should the hydrogen at

Explore more at www.ph
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327°C be cooled at constant pressure, so that
the root mean square velocity of its molecules
become half of its previous value
(@) -123°C (b) 123°C
(c) - 100°C (d)0°C

Solution:
The answer is A.

3RT
M —
Urms M

T X vzrms
T, [v12 1
b =3
T, (273 +327)
= =
= 150K = —123°C
3. Determine the average and r.m.s. speed of
system of 5 particles of same mass having
speeds (eachinm/s): 1,2, 3,4,5
Solution:
V. >V

rms avg

- 1+2+3+4+5
avg _#_

2 2 2 2 2

v :\/1 +2 +35 +445 s

4. The absolute temperature of a gas is increased
3 times. The root mean square velocity of the
molecule will become —

T,

3

(a) 3 times (b) 9 times

(c) (1/3) times (d) V3 times
Solution:(d)

T — 3T

v_ - [3RT _\/BrRT _\/SPV _ 3P
™\ M, M M 5

5. The temperature of an ideal gas is increased
from 27°C to 927°C. The rms speed of its
molecules becomes —

(a) Twice (b) Half
(c) Four times (d) One fourth

Solution:(a)

6. If the r.m.s. velocity of a gas at a given
temperature (Kelvin scale) is 300 m/sec. What
will be the r.m.s. velocity of a gas having twice

the molecular weight and half the temperature

on Kelvin scale?

(a) 300 m/sec (b) 600 m/sec

(c) 75 m/sec
Solution:(d)

v. = [3RT _v —300
M

0
=
3R(A) = 3RT x% =150 m/sec

(d) 150 m/sec

7. The r.m.s speed of oxygen molecule in a gas is
v. If the temperature is doubled and the O,
molecule dissociate into oxygen atoms, the
r.m.s speed will become
@)V (b) v+/2
(c) 2v (d) 4v

Solution:(c)

3R(T
,_ [RM

32

L [RED _,
16

8. Given the following group of paritcles, N;
represents the number of molecules with
speed v; Calculate average speed.

Ans till two places after decimal

23
= L =3.13m/s
23
9. Given the following group of particles, N;
represents the number of molecules with
speed v; Calculate rms speed.
Ans till two places after decimal
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Solution:
Root means sq
2 2 2
2 _ NV, + NV, + .+ NV
e N, +N, +....+ N,

v :\/2><12 +4x2° +9x 3% +5x4% +3x5°
e 23
333
10. At a certain temperature, the r.m.s. velocity
for Oy is 400 m/sec. At the same temperature,
the r.m.s. velocity for H, molecules will be
(a) 100 m/sec (b) 25 m/sec
(c) 1600 m/sec (d) 6400 m/sec
Solution:
The answer is C.
Given,
400m
Vo, = T,Mass of 03, My,

=32 and Mass of Hy, My,

=2
3RT
Urms = 7
Vi _ | Mo,
Vo My

2

32
Vi, =400 X ’7 = 1600m/s

11. At a pressure of 24 x 10° dyne/cm? , the

volume of O is 10 litre and mass is 20 gm.
The r.m.s. velocity will be

2

(a) 800 m/sec (b) 400 m/sec
(c) 600 m/sec (d) Data is
incomplete

Solution:

The correct answer is C.

3PV

m

Urms
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= 600m/s

_ |3%24x10%x10x1073
20x1073

12. At what temperature will the oxygen

molecules have the same root mean square
speed as hydrogen molecules at 200 K

(a) 800 K (b) 1600 K
(c) 2400 K (d) 3200 K
Solution:

The correct answer is D.

3RT

rms speed Vppys = o

Equating rms speed expression for oxygen and
hydrogen molecules;

3R x 200  [3RT
2 EEEY)

Solving for T,
T = 3200K = (3200 — 273)°C = 2927°C
13. 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
Solution:

The correct answer is B.
V —_
™rmms M

Vrms = \/T

To double the rms speed, temperature should be
made four times is

i.e. TZ = 4'T1
~ T, =4%x273 =1092K
T, = 819°C

14. The temperature of an ideal gas is increased
from 27°C to 927°C. The root mean square
speed of its molecules becomes
(a) Twice (b) Half
(c) Four times (d) One-fourth

Solution:

The correct answer is A.

T, = 273 + 27 = 300K

T, =273+ 927 = 1200K

Voms < VT

(T) has become four times.

Therefore, v_(rms) will become two times.
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15. The speeds of 5 molecules of a gas (in
arbitrary units) are as follows : 2, 3, 4, 5, 6.
The root mean square speed for these

molecules is

(a) 2.91 (b) 3.52

(c) 4.00 (d) 4.24
Solution:

The correct answer is D.

V12 + 1,2 + 132 + 1,2 4 v5?
Vims = 5

_J22+32+42+52+62
B 5

100
= T: V2 = 424

16. The root mean square speed of hydrogen
molecules at 300 K is 1930 m/s. Then the root
mean square speed of oxygen molecules at
900 K will be

(a) 1930+/3 m/s  (b) 836 m/s
1930
c) 643 m/s d) — m/s
(© (d) 75
Solution:

The correct answer is B.

G _ T2 My
€ (TiM,
900 2 3
= —_— X — = J—
300 32 16
V3

C,=—XC
2= 7 1

V3
= e X 1930
= 836m/s
17. The r.m.s. speed of a group of 7 gas
molecules having speeds (6, 4, 2,0, -2, -4, -
6) m/sis

(@) 1.5m/s (b) 3.4 m/s
() 9 mfs (d) 4 m/s
Solution:

The correct answer is D.

Square-root of the mean square velocity of gas
molecules, is called root-mean.
Square velocity (rms),
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1712 + 1722 + "'UNZ
V. =
rms N

Given
vy =6m/s
vy, =4m/s,v3 = 2m/s,v, = Om/s

2m 4m
Vs =~ Ve =T V7 = —6m/s

62 + 4% + 22
22+ (D2 + (—6)?
Urms = 7

112
= T=\/1_6=4m/s

18. The velocities of three molecules are 3v, 4v
and 5v. Their rms speed will be

Solution:
Correct option is A.
Vyms (root mean square velocity)
= Jv12 + 1,2 + - + v, 2(standard result)
vy =3V
v, =4V (Given)

V3 = 5V
32442452
Vims = (T v
_ |50,
43

19. The temperature of a gas is doubled (i) on
absolute scale (ii) on centigrade scale. The
increase in root mean square velocity of gas
will be

(a) More in case (i)
(b) More in case (ii)
(c) Same in both case
(d) Information not sufficient

Solution:
Correct option is A.
The temperature of a gas is doubled (i) on
absolute scale (ii) on centigrade scale. The
increase in root mean square velocity of gas will
be more in case (i)
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20.

The expression for RMS speed is

_ 3RT
Y= u
Thus,

u’ B T'
u T

— = |[z== =113

One mole of an ideal gas at STP is heated in
an insulated closed container until the

average speed of its molecules is doubled. Its
pressure would therefore increase by factor.

@15 (b) 2
(c)2 (d) 4
Solution:
Correct option is D.
2RT
Average velocity = Vy, = A

21.

Vay < NT

Vav1/Vavz = \/Tl/\/FZ

We know the average speed of its molecules is
doubled (given)

Vavi/Vavz = \/Fl/\/FZ =1/2

If we say initial temperature is T1 =T,
VTiNT: = 1/2

JT2 = 24T

T, = 4T

We know ideal gas equation

PV =nRT

P = (nR/V)T

PxT

. Py/P, x T /AT

“ P, =4P

Three particles have speeds of 2u, 10u and
11u. Which of the following statements is
correct?

(a) The r.m.s. speed exceeds the mean speed
by about u.
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(b) The mean speed exceeds the r.m.s. speed
by about u.

(c) The r.m.s. speed equals the mean speed.

(d) The r.m.s. speed exceeds the mean speed
by more than 2u.

22.

Correct option is A.

44100 + 121
Voms =U |———F——= 5V3U = 8.66U

2+10+ 11 23
avg =< _)U=?U=7.66U

3
Vims — Vavg =IU
How many degrees of freedom do the

molecules of a gas have if under standard
conditions the gas density p = 1.3 kgm= and
the velocity of sound propagation initisv =
330 m/s?

Solution:

23.

In standard condition, pressure of gas is P =
105N/m2,

3P [3(105)
Urms = 7: 13 =480m/s

Using

vrms 3

Vsound Y

Or

480 |3 4
— = |-=y=1.
330 |y 7

Also,

Yrms _ 3_ | 3f
Usound Y f+2

f+2=yf=14f
2
o f = 0a= 5
One mole of an ideal diatomic gas is taken
through the cycle as shown in the figure.
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24,

PA (v, 4p))

34V, Py)

» V

1 — 2 : isochoric process

2 — 3 : straight line on P-V diagram

3 — 1 : isobaric process

The average molecular speed of the gas in the
states 1, 2 and 3 are in the ratio

1(Vo, Po)

(@)1:2:2 b)1:42 : 2

©1:1:1 (d)1:2:4
Solution:

Correct option is A.

State 1

Let temperature be T,

State 2

. .. - P
Since 1-2 is isochoric process = constant

Thus Temperature = 4T,
State 3

R .. . Vv
Since 3-1 is isochoric process - = constant

Thus Temperature = 4T,
The average molecular speed is directly

proportional to \/R—HT

v T
Hence,
Statel v « T

State 2 v « /4To = 2,/ To

State 3 v o« \/4T. = 2,/T.

Ratio=1:2:2

Three particles have speeds of 2u, 3u and 4u.
Which of the following statements is correct?
(a) The r.m.s. speed exceeds the mean speed.

(b) The mean speed exceeds the r.m.s. speed.

(c) The r.m.s. speed equals the mean speed.

(d) The r.m.s. speed exceeds the mean speed
by less than u.

Solution:

Correct options are A and D.
244+ 34 + 44

mean = 3
= 3u

J(24)2 + (34)2 + (44)?
Vims = 3

25.

Kinetic Theory of Gases

_ J442 + 542 + 1642
B 3

129 _ 31
= 3u—.u

Vrms > Vmean
For a given gas at 1 atm pressure, rms speed

of the molecules is 200 m/s at 127°C. At 2
atm pressure and at 227°C, the rms speed of
the molecules will be:

(a) 100 m/s (b) 80+/5 m/s
(c) 100+/5 m/s (d) 80 m/s

Solution:

26.

’3RT
oV =, |—
( ) rms M

- (273+127)
v, \T, (273+237)

_ /@_JE_L
500 \5 .5

=£v1=§x200

Y/ T,

vV,

—100+/5 m/s.

The temperature, at which the root mean
square velocity of hydrogen molecules equals
their escape velocity from the earth, is closest
to:

[Boltzmann Constant kg = 1.38 x 1072 J/K
Avogadro Number Na = 6.02 x 10? /kg
Radius of Earth : 6.4 x 10° m Gravitational
acceleration on Earth = 10 ms]

(a) 800 K (b) 3 x 105K
(©) 10° K (d) 650 K
(C) Vims = Ve

27.

/ﬂ =11.2x10°
M
or /E =11.2x10°
m
-23
/w =11.2x10°
2x10

~T=10*K

A mixture of 2 moles of helium gas (atomic
mass = 4u), and 1 mole of argon gas (atomic
mass = 40u) is kept at 300 K in a container.
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rms(hellum)}

The ratio of their rms speeds [

V... (argon)
is close to :
(a) 3.16 (b) 0.32
(c) 0.45 (d) 2.24
Solution:

@ Usmg Vims = /&
2rms
Vo / Ar /— =3.16
rms He

28. At room temperature a diatomic gas is found
to have an r.m.s. speed of 1930 ms™. The gas
is:

(a) H (b) Cl,
(c) O (d) F,
Solution:

@ - C=

3RT
™M
3x8.314x 300
M
~ 3x8.314x300
~1930x1930
~2 x 102 kg
The gas is H..

29. In the isothermal expansion of 10g of gas
from volume V to 2V the work done by the
gas is 575J. What is the root mean square
speed of the molecules of the gas at that
temperature?

(1930)° =

(a) 398m/s (b) 520m/s
(c) 499m/s (d) 532m/s
Solution:

(€) Vis = Y
mass of the gas

30. Nitrogen gas is at 300°C temperature. The
temperature (in K) at which the rms speed of
a H, molecule would be equal to the rms
speed of a nitrogen molecule, is

. (Molar mass of N, gas 28 g);

Solution:
Room mean square speed is given by
3RT
Vims 4|~
M

Here, M = Molar mass of gas molecule
T = temperature of the gas molecule

We have given v, =V,

~ [3RT,,  [3RT,
i MNz ) MHz

To, 573
2 28
T, =41K

Hy

31. 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
(rms (helium)) is

rms (argon)

(a) 0.32 (b) 0.45

() 2.24 (d) 3.16
Solution:

3RT 1

(d) USing Vims = ™ = Vims &

N7

Vims (helium) _ Margon _ ﬂ - V10
Vims(argon)

Mhelium

~ 3.16
32. The molecules of a given mass of a gas have
r.m.s. velocity of 200ms~ 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 10° Nm=, the rms velocity
of its molecules in ms™ is

@ (6) ﬂ

©) @ (d) 100+/2
M

(@) Itis given that

400

Vrms - 200 ms— 1 Tl - 300 K Pl - 105 N/m2

N
T, =400 K, P, =0.05 x 10° N/m?
As, rms velocity of gas molecules,

Vmsoc\/-F ("'Vrms: EJ
V m

For two different cases
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2 400
v, =-—x200=—=ms"*
( rms )z \/§ \/5
Expert Various Speeds

1. The root mean square velocity of the
molecules in a sample of helium is 5/7th that
of the molecules in a sample of hydrogen. If
the temperature of hydrogen sample is 0°C,
then the temperature of the helium sample is
about

(a) 0°C (b)0OK
(c) 273°C (d) 100°C
Solution:

The answer is A.

(Vrms)He — THe (MO)HZ
(vrms)Hz THZ . (MO)He

5 | TH
7= [0+ 273)

5 2
TH, = (5) X 546 = 278.6K

_|TH,

2
4

= 278.6 — 273 = 5.6°C = 0°C

2. The molecules of a given mass of a gas have a
r.m.s. velocity of 200 m/sec at 27°C and 1.0 x
10° N/m? pressure. When the temperature is
127°C and pressure is 0.5 x 10° N/m? , the
r.m.s. velocity in m/sec will be

1oo\f

(@ —— (b) 10072
(© f%) (d) None of the above
Solution:

The answer is C.
We know that;

v o T
v 400
55— = |—
200 300
200 x 2 400
S>v= m/s

NI

3. The r.m.s. speed of the molecules of a gasin a
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vessel is 400 ms™ . If half of the gas leaks out,
at constant temperature, the r.m.s. speed of
the remaining molecules will be

() 800 ms™ (b) 40042 ms
(c) 400 ms™ (d) 200 ms

The answer is C.

Root mean square velocity does not depends
upon the quantity of gas. For a given gas and at
constant temperature it always remains same.

4. A cubical box with porous walls containing an
equal number of O, and H2 molecules is
placed in a large evacuated chamber. The
entire system is maintained at constant
temperature T. The ratio of vims of O2
molecules to that of the v.ms of H> molecules,
found in the chamber outside the box after a
short interval is

1 1
(a) m (b) 2
© % (d) V2
Solution:

The correct answer is B.
According to equation,
(Vrms) 02

(Vrms)Ha

_ |MoH; _
(MO 02

5. N('<100) molecules of a gas have velocities
1,2, 3. N/km/s respectively. Then
(a) RMS speed and average speed of molecules
is same.
(b) Ratio of RMS speed to Average speed is
V2N+1)(N+1)/6N
(c) Ratio of RMS speed to Average speed is
VEN+1)(N+1)/6
(d) Ratio of RMS speed to Average speed of a
molecule is 2/\6 x V2N+1)/(N+1)

Solution:
Correct option is D.
As we know, sum of the first n natural numbers
is n[n + 1]/2 and sum of the squares of first n
natural numbers is n[n + 1][2n + 1]/6.
S0 Urms =+/n[n + 1][2n + 1]/6 and Ugyg

=n[n + 1]/2
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So, ratio of rms speed to average speed of a
molecule is 2/V6x,/(2N + 1) /(N + 1)
The root mean square speed (Urms)

\]ulz + u22 + A + unz
u =

n

Average speed (Uay): It is arithmetic mean of the
various speeds of the molecules.
12U ety
n
6. At what temperature is the root mean squared
speed of an atom in an argon gas cylinder
equal the rms speed of a helium gas atom at —
20°C?
(Atomic mass of Ar = 39.9, of He = 4.0).
Solution:
Let C and C’ be the r.m.s. velocity of argon and
helium gas atoms at temperature TK and T'K
respectively.

u =

Here,
M =399, M =40,T =?,T' =-20+ 273
= 253K
Co 3RT 3RT
B 399 ¢
\/3RT’ \]3R X 253
Since,
c=1cC'
3RT _ |3R X 253 = 39.9 x 253
399 s T T
= 2524K

7. A mixture of 4 gm helium and 28 gm of
nitrogen in enclosed in a vessel of constant
volume at 300°K. Find the quantity of heat
absorbed by the mixture to double the root
mean velocity of its molecules.

(R = Universal gas constant)

Solution:

Given,
T =300K ,v' =2v
Root mean square velocity
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vl TI
v T
217 T’ ,
: v 300 T = 1200K
Number of moles of He,
4
ny = Z =1
Number of moles Ny,
28
n, = ﬁ =1

total number of molesn=1+1=2
For Helium,

3
Cy, = 5R
For Nitrogen,
5
CVZ = ER

Specific heat capacity of the mixture
ny X Gy, +ny X Gy,

v
n, +n,

1+1
Net heat absorbed at constant volume

Qv =nCy(T"=T)
« Qy = 2 X 2R(1200 — 300) = 3600R

. The temperature of a gas consisting of rigid

diatomic molecules is T = 300 K. Calculate the
angular root mean square velocity of a
rotating molecule if its moment of inertia is | =
2.1x107° kg m?,

By formula,

If | is the moment of inertia then
1

, 1
EI(I) =§XfXKBT

Where f = degree of freedom

Kg = Boltzmann constant

T = temperature

The root mean square angular velocity,

o TKeT
I

fKgT
w = I

For diatomic molecules, f =2
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2% 1.3 %1072 x 300
- 21x 10739
= 6.3 X 10'2 rad/sec
w = 6.3 X 1012 rad/sec

In angular root mean square velocity is
6.3 X 1012 rad/sec

Kinetic Theory of Gases

Beginner Freedom & Molar Heat

Beginner Maxwell’s Distribution of Speed

1. The average velocity of molecules of a gas
must be zero if the gas as a whole and the
container are not in translational motion.
Explain how it can be that the average speed
is not zero.

Solution:

Molecules of a gas move randomly; hence
average velocity is zero since velocity is a vector
quantity.

There is a speed distribution for the molecules,
average speed will be non-zero.

2. Given the following group of particles, N;
represents the number of molecules with
speed vi Calculate most probable speed.

v; (m/s)
1.0
2.0
3.0

4.0

Solution:3m/s

3. Maxwell’s velocity distribution curve is given
for two different temperatures. For the given
curves —

(a) T:>T, (b) T:1<Ts
(C) T:<T: (d) T.=T,
Solution:(b)

4. A monoatomic gas molecule has
(a) Three degrees of freedom
(b) Four degrees of freedom
(c) Five degrees of freedom
(d) Six degrees of freedom
The answer is A.
Monoatomic gas molecule has three degrees of
freedom.
5. A diatomic molecule has how many degrees of
freedom

(@3 (b)4
()5 (d)6
Solution:

The answer is C.
Number of degree of freedomd =3N -1
Where N is the number of atoms in a molecules
In diatomic molecules,
N=2
=>d=3(2)-1=5
Hence diatomic molecule has 5 degrees of
freedom (3 translational and 2 rotational).

6. A cylinder rolls without slipping down an

inclined plane, the number of degrees of
freedom it has, is

(a) 2 (b) 3
(©5 a1

The answer is A.

If the body is rolling on a plane, then its degree
of freedom is 2: one for rotation about the body’s
axis and one for translational of its center of
gravity in forward and backward direction.
If there is no slipping, the translational can be
calculated from the rotation and the radius of
block. Thus, the degree of freedom is
degenerated to 2.

7. If the degree of freedom of a gas are f, then
the ratio of two specific heats Cp/Cy is given
by

2 2

—+1 b)1-—

(@ P () .

1 1

1+=— d)1-—

(©) 3 (d) .
Solution:
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The correct answer is A.

(Cp/Cy) =T =1+ (2/f)
8. The degrees of freedom of a triatomic gas is

(@2 (b) 4
(c)6 (d)8
Solution:

The correct answer is C.

The degree of freedom of a triatomic gas is 3
translational, 3 rotational.

9. A diatomic gas molecule has translational,

rotational and vibrational degrees of freedom.

The CP/CV is

(a) 1.67 (b)1.4

(c)1.29 (d) 1.33
Solution:

The correct answer is D.

The diatomic molecule has total 6 degrees of
freedom (3 translational, 2 rotational and 1
vibrational)

Now,

6
Cp is given as (1+§>R=(1+E>R=4R

6
and Cy is given as ]ECR = ER = 3R

Thus, we get
Cp 4
—=-=1.33
Cy 3

10. For a gas g =0.67 . This gas is made up of

molecules which are

(a) Diatomic

(b) Mixture of diatomic and polyatomic
(c) Monoatomic

(d) Polyatomic

Solution:
The correct answer is C.
~R=Cp—Cy
R Cp—Cy
C_v = C, =0.67
Or

Cr 1=0.670 CP—167
CV = VU. OTCV— .

The gas is made up of molecules which are
monoatomic.

11. At constant volume, for different diatomic
gases the molar specific heat is
(a) Same and 3 cal/mole/°C approximately
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(b) Exactly equal and its value is 4
cal/mole/°C
(c) Will be totally different

(d) Approximately equal and its value is 5
cal/mole/°C

The correct answer is D.

We know,

Molar specific heat,

fR

2
f is the degrees of freedom.
For diatomic gas, f=5
The values of R is 1.98 cal/mol/°C
Substitute,

_ 5x(1.98)

v 2

Cv

= 4.9s = 5cal/mol/°C

12. At constant volume the specific heat of a gas

is % , then the value of “y’ will be

3 5
a) — b) =
(@) 5 (b) 5
(©) 2 (d) None of the above
Solution:

The correct answer is C.
Specific heat at constant volume
Cy = R/Y —1=3R/2 (given)
~y—1=2/3
Y=5/3

13. Molar specific heat at constant volume is Cv
for a monoatomic gas is

3 5
@ 3~ (b) 3R
©) 3R (d) 2R

The correct answer is A.
For a monoatomic gas, the molar heat capacity
at constant volume is given as,
3
CV = ER
14. For a gas if y = 1.4, then atomicity, Cp and Cv

of the gas are respectively
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7.5
(b) Monoatomic, o R’§ R

7.5
(c) Diatomic, » R’E R

7_5
(d) Triatomic, » R, 2 R
Solution:
The correct answer is C.
Given,
14 7
r=14= E = g
We know,

CP—CV:R

Cp = =R
)

Diatomic gas.

15. For a gas the difference between the two
specific heats is 4150 J/kg K. What is the
specific heats at constant volume of gas if the
ratio of specific heat is 1.4
(a) 8475 J/kg K
(c) 1660 J/kg K

Solution:

The correct answer is D.
Cp — Cy =nR
Cp/Cy =14
Cp — Cy = 4150
0.4C, = 4150
Cy = 4150/0.4
Cy = 10375 J/Kg K

16. What is the ratio of specific heats of constant

pressure and constant volume for NHs

(b) 5186 J/kg
(d) 10375 J/kg K

(@)1.33 (b) 1.44
(c)1.28 (d) 1.67
Solution:

The correct answer is A.
Degree of freedom for NHs is 6.

Cp 1+2
y:—: —_

Cy f
—1+2—4—1%
N 6 3

Explore more at www.ph
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17. If two moles of diatomic gas and one mole of

mono atomic gas are mixed then the ratio of
specific heats is

7 5
@ 3 (b) 2
19 15
(©) 13 (d) 19
Solution:

The correct answer is C.

_ m1Cpy +n3Cp;

_ nyCpy + pCp;
Cpeq = -

Veq —

n; +n, n, +n,
7
Cpegq 2><§+1><§ 19
Veq 2X7+1X§

18. For a gas if ratio of specific heats at constant
pressure and volume is y then value of
degrees of freedom is

3y-1 2
(@ 2,1 (b) 51
© 57D @ 57D
The correct answer is B.
As
Y =14+ 2/f)
Y —1=(2/f)
f=12/y-1]
19. The degrees of freedom of a stationary rigid
body about its axis will be

(&) One (b) Two
(c) Three (d) Four
Solution:

The correct answer is C.
A stationary rigid body rotating about its axis
has three degree of freedom.

20. A gaseous mixture consists of 169 of helium

CP
and 16g of oxygen. The ratio a of the

mixture is

(@) 1.4 (b) 1.54
(c) 1.59 (d) 1.62
The correct answer is D.

Mhe = 4, Mpe = 16g
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Moy =32, mox = 16g
Specific heat of mixture at constant volume is
given by,

_ nyCyq + N30y,

T g+ -
For Helium gas,
No. Of moles,

16
ny = T =4
5
yl= 3
For Oxygen gas,
No. Of moles,
n, = Mox
Mox
16 1
=373
7
Y2 = g

And specific heat constant volume of helium
gas,

C R = R ==R
TUyl-175_ 72

3
The specific heat of oxygen at constant volume,
o __ R __R 5
MTy2-1"7_1 72

5
From equation (1),

3 1_5
c _4X§R+§X§R
v =
i1
1 2

c _29R_ R
Y7187 Ty -1
S
Y =29
Cp
—=y=1.62
¢ !

21. A gas mixture consists of 2 moles of O, and 4

moles of Ar at a temperature. T. Neglecting
all vibrational moles, the total internal
energy of the system is

(@) 4RT (b) 15RT

() 9RT (d) 11RT

Solution:

Correct option is D.
Internal energy of 2 moles of oxygen

22.

Kinetic Theory of Gases

Uos = (ST
02 = H >
5
= ZERT = 5RT
Internal energy of 4 moles of Argon.

3
UAR = M(ERT)
3
= 4.§RT = 6RT

Therefore, total internal energy
U= Uoz + UAR:]-]- RT

The ratio of specific heats of a gas is % , then

the number of degrees of freedom of the gas
molecules for translational motion is :

@7 (b) 3
(c)6 (d) none
Solution:

23.

Correct option is B.
The ratio of a specific heats of a gas is 9/7, then
the number of degrees of freedom of the gas

molecules for translational motion is 3. We will

use the standard formula (ff;z) = y. On cross

multiplication and solving we get f = 7, but total
translational will be 3 only.

Molecules of an ideal gas are known to have
three translational degrees of freedom and
two rotational degrees of freedom. The gas is
maintained at a temperature of T. The total
internal energy, U of a mole of this gas, and

C
the value of y{: C—p] are given, respectively,

by:

5 6
a)U=—-RTand y==
(@ 2 7=z

(b) U = 5RT and y:%

5 7
c)U==RTand y=—
© 5 r=z

(d) U = 5RT and ;/:g

Solution:

(c) Total degree of freedomf=3+2=5

Total energy, U = g = ?

Explore more at www.ph
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24. Consider a gas of triatomic molecules. The 5 R
molecules are assumed to be triangular and Hence C_VA 2 _ S
7

made of massless rigid rods whose vertices (o - 7 R
are occupied by atoms. The internal energy
of a mole of the gas at temperature T is: 26. Consider a mixture of n moles of helium gas

and 2n moles of oxygen gas (molecules taken

(d) Here degree of freedom, f =3 + 3 = 6 for
triatomic non-linear molecule.

Internal energy of a mole of the gas at
temperature T,

to be rigid) as an ideal gas. Its Cp/Cy value
will be:

(a) 19/13 (b) 67/45
(c) 40727 (d) 23/15
Solution:
5 3 (@) Helium is a monoatomic gas and Oxygen is
@ ERT (b) ERT a diatomic gas.
(© %RT (d) 3RT For helium, Cvl =%R and Cpl =§R
Solution:

For oxygen, C, =§R and C,, =%R

N,Cy, +N,C,
"TNG, NG,

5 7
U=%nRT=§RT=3RT 7:”'§R+2”'§R:19nRx2
: : N S3Rion R 2(13nR)
25. Consider two ideal diatomic gases A and B at oR+ehs

some temperature T. Molecules of the gas A
are rigid, and have a mass m. Molecules of
the gas B have an additional vibrational

mode, and have a mass % . The ratio of the

specific heats (C, and C) of gas A and B,
respectively is:

For gas A (diatomic)

JC) 1
CV mixture 13

C
27. Two moles of an ideal gas with a" =g are

mixed with 3 moles of another ideal gas with
C

, 4 C, . .
=—. The value of — for the mixture is:

@79 (b) 5:9 a 3 C,
()35 (@) 5:7 (a) 1.45 (b) 1.50
Solution:
- (c) 1.47 (d)1.42

(d) Specific heat of gas at constant volume X

1 Solution:
C, == fR; f = degree of freedom nC, +n,C

2 (d) USing’ Y mixture =—bh &

”1Cv1 + n2Cv2

f =5 (3 translational + 2 rotational) n_..n _n+n
CVAZER 7/1_1 72_1 7m_1
2 3 2 5
For gas B (diatomic) in addition to (3 7 g5 T v 1
translational + 2 rotational) 2 vibrational degrees 3 -1 3 -1 s
of freedom.
. 9, 2x3_ 5
~ CP==R 1 2 y,-1
2
5
_1==
Vm 12

Explore more at www.ph
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Vi = o 1.42
28. Two moles of helium gas is mixed with three

moles of hydrogen molecules (taken to be

rigid). What is the molar specific heat of

mixture at constant volume? (R = 8.3 J/mol

K)

(a) 19.7 J/mol L

(c) 17.43/mol K

(b) 15.7 J/mol K
(d) 21.6 J/mol K

Solution:
niC, |[+n,|C
0 [o,, =Ll
n, +n,
2x£+3x$
2 2

2+3

=21R =21 x%8.3=17.4 J/mol-k
29. A diatomic gas with rigid molecules does 10 J
of work when expanded at constant pressure.

What would be the heat energy absorbed by
the gas, in this process ?

(@)25J (b) 35J
(c) 30J (d) 409
Solution:
o F-C_ 1 1 5
C, r (7/5) 7
or wzl_Ezg
Q 7 7
or Q=£W=7X10:35J

30. Two moles of helium are mixed with n with

moles of hydrogen. If Ce :g for the

mixture, then the value of n is

(a) 3/2 (b) 2
(©1 (d)3
Solution:

(b) Using formula,

Ny, N

Y mixture = [&J = i = 2 =

Clyw Mo, M

n-1 -1

Putting the value of

C 3

Explore more at www.ph
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12 :%, 2 :% and solving we get, n = 2
31. Cp and C, are specific heats at constant

pressure and constant volume respectively. It
is observed that

Cp — Cy = afor hydrogen gas
Cp — Cy = b for nitrogen gas
The correct relation between aand b is :

(@)a=14b (b)a=28b
1

c) a=—b da=b

(©) 7 (d)

(@) Aswe know C,—Cy =R
Where Cp, and C, are molar specific heat
capacities

or, C,-C,=—
M
R
For hydrogen (M =2)C_ -C, =a=g
. R
For nitrogen (M =28)C, -C, =b=2—8
o E:14
b
or,a=14b

32. An ideal gas has molecules with 5 degrees of
freedom. The ratio of specific heats at
constant pressure (Cp) and at constant
volume (C,) is :

7

(@) 6 (b) 5
5 7

© 5 (d) 5

(d) The ratio of specific heats at constant
pressure (Cp) and constant volume (Cy)

C 2
P _,, 1_|__
S

Where f is degree of freedom

& = (14_ EJ = Z

C, 5) 5

33. 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 Vis given by PV" = constant, then n is
given by (Here Cp and Cy are molar specific
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heat at constant pressure and constant
volume, respectively):

c -C _
(@) n=—=" (b) n==—
C-C, C-C,
c-C
() n==2 (@) n="—2
C-C,
Solution:
(d) For a polytropic process
C=CV+l
-n
.'.C—CV:l
1-n
l-n= R
C-C,
o1 R =n
C-C,
~C-C,-R _C-C,-C +C,
- c-¢c,  C-C,
c-C
s (Cy~Cur)

34. C,, and C, denote the molar specific heat
capacities of a gas at constant volume and
constant pressure,respectively. Then
(@) €, — €, is larger for a diatomic ideal gas
than for a monatomic ideal gas
(b) €, + C,, is larger for a diatomic ideal gas
than for a monatomic ideal gas
(c) €,/ C, is larger for a diatomic ideal gas
than for a monatomic ideal gas
(d) €, . Cy s larger for a diatomic ideal gas
than for a monatomic ideal gas

Solution:

(b, d)

We know for all gases Cy,. C,, = 1Tsand Cp +
C, =4

For diatomic gas: C, = %; Cp = %R; 7 =§

35
2Cp. Gy = Tand Cp+C,=6

35. The molar specific heats of an ideal gas at
constant pressure and volume are denoted by

C
Cp and C, respectively. If y =C—p and R is

\

the universal gas constant, then C, is equal to

Kinetic Theory of Gases
1+ R
(@ —~ (b) ——
1-y (7/ —1)
-1
© =Y (d) YR
R
Solution:
(b) As we know that
C,—C, =R
C,=R+Cy
and C (given)
L= iv
C, v g
so, "¥C _ 1 uc, —R4C,
C,
7Cv - Cv =R
c - R
y-1
Expert Freedom & Molar Heat

1. During an adiabatic process, the pressure of a
gas is found to be proportional to the cube of

C
its temperature. The ratio of C_p for the gas is

%

4

a) — b) 2

()3 (b)
5 3

c) — d) =

()3 ()2

Solution:
(d) According to question,
poT? ... (1)

p = pressure
(T =temperature}
and we know that
pV =nRT and pV « T ... (i)
So, putting Eq. (ii) in (i),
p o< (pV)?
p?V? = constant
pV?¥2 = constant ... (iii)
Comparing Eq. (iii) with
pv’ =constant
We have y = 3/2.

C

2. The value of y[z C—"J , for hydrogen helium
and another ideal diatomic gas X (whose
molecules are not rigid but have an additional
vibrational mode), are respectively equal to

Explore more at www.ph
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759 579

@537 ® 357
577 757

© 355 E

Solution:

(a) The Poisson’s ratio,

7=& ... (1)
C

where, C, =molar heat capacity constant pressure
and C, = molar heat capacity at constant volume
Also, C, = Cy + R (from Mayer's relation)

Cv= %R (where, f = degree of freedom)

C,= [% + 1j R
So, Eq. (i) becomes,

2
=1+—
T

For hydrogen gas, which is diatomic, the degree
of freedom is 5 (3 translational, 2 rotational).
y=1+ =%
For helium gas, which is monoatomic, the degree
of freedom is 3(3 translational only).
y=1+ 373
The diatomic gas X also have vibrational motion,
so degree of freedom is 7(3 translational, 2
rotational and 2 vibrational).
7=y
. The molar heat capacity for an ideal gas
(a) Can be negative
(b) Can be equal to either Cy or Cp
(c) Can liein the range Cy < C < Cp
(d) It may have any value between — o to oo.
Solution:
Correct options are A, B, C & D.
The molar heat capacity has the general
definition
1AQ
C=nar
Where n = number of moles

AQ = heat absorbed by the gas
AT =rise in temperature of gas
It is possible to obtain almost any set of values
for AQ and AT by proper selection of a process.

Explore more at www.ph
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4. One mole of an ideal monatomic gas

undergoes a process described by the equation
pV? = constant. The heat capacity of the gas
during this process is

3 5
@)ER m)ER
(c)2R dR

Solution:

(a) As we know that for polytropic process of

index a specific heat capacity
=C, + R
l-a

*» Process, pV?® = constant = o =3
R fR R

C=C,+—— =t ——
l-a 2 1-3

where, C,=—=—

For monatomic gas, f =3= %

. A mixture of ideal gases 7 kg of nitrogen and

11 kg of CO;. Then
(@)

equivalent molecular weight of the mixture is
36.

(b)

equivalent molecular weight of the mixture is
18.

(c) y for the mixture is 5/2

(d) y for the mixture is 47/35.

(Take 7y for nitrogen and CO; as 1.4 and 1.3
respectively)

Solution:

Correct options are A and D.

7
ny, = 28 = 0.25 Kmoles
fve =y 1 14-1"
Similarly;

Nco, = 0.25 k moles
fco, = 20/3
Equivalent mol wit:

_ TllMl + nzMz

N nq + n,

5

=my +my/ng+ny
=7+11/0.25+0.25

=36 gms
£ = nyf1 +nyfy
min ny +n,
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@25x5+025x3%

_ 3
0.25 + 0.25

=35/6
Yoim =1+
mn fmin

=1+ 2

7 35/6

Yiin = 47/35
Pro Freedom & Molar Heat

6. For hydrogen gas Cp — Cv = a and for oxygen
gas Cp— Cv =D . So the relation between a and
b is given by

(a)a=16b (b) b=16a
(c)a=4b (da=b
Solution:

The answer is D.
For any ideal gas, Cp — Cv = R, where R is the
gas constant.
That is Cp — Cv per mole for any gas is a constant
value.
So,a=b

. One mole of monoatomic gas and three moles
of diatomic gas are put together in a
container. The molar specific heat (in JK!
mol) at constant volume is (R = 8.3 J K™
mol?)

(a) 18.7 (b) 18.9
(c) 19.2 (d) None of the above
Solution:

The answer is A.
AsS,

R
Cv = r—1
For monoatomic gas,

R 3
CV = ETl == ER

3
For diatomic gas,
, R 5

C 74 = : = E

5
For mixture C''y,
_nCy+n'C'y
T on+n
B 1 X %R +3 X %R

1+3

Explore more at www.ph
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—9R—9x83
T4 4T

= 18.7JK tmol™?

8. How many degrees of freedom have the gas
molecules, if under standard conditions the
gas density is p = 1.3 mg/cm® and the velocity
of sound propagation in it is v = 330 m/s.

Solution:

The answer is 5.
In standard condition, pressure of gas is P =
105N /m?

3P 3(10°)
Vrms = ? = 13 - 480 m/s

Using

vaS 3

Usound Y

Or

480 |3 4
—= |-y =1.
330 |y 7

Also,

rms _ [3_ | 3f
Usound Y f+2

f+2=yf=14f
. 2
o f = 02" 5

9. The value of the ratio C,/C, for hydrogen is
1.67 at 30 K but decreases to 1.4 at 300 K as
more degrees of freedom become active.
During this rise in temperature,
(a) Cp remains constant but C, increases
(b) Cp decreases but C, increases
(c) Both C, and C, decrease by the same
amount

(d) Both C, and C, increase by the same
amount

Solution:
The correct answer is D.

The value of the ratio g—" for hydrogen is 1.67 at
|4

30 K but decreases to 1.4 at 300K as more
degrees of freedom become active. During this
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rise in temperature both Cp and Cy increase by
the same amount.

For an ideal gas, Cp = Cv + R. If thisis a
molecular gas, increasing temperature enables
vibrational degrees of freedom, so that Cy

. C R
increases. Hence -£ = 1 + — decreases.
Cy Cy

10. To raise the temperature of a certain mass of

gas by 50°C at a constant pressure, 160
calories of heat is required. When the same
mass of gas is cooled by 100°C at constant
volume, 240 calories of heat is released. How
many degrees of freedom does each molecule
of this gas have (assume gas to be ideal)?

@5 (b) 6
(©)3 (d)7
Solution:

11.

(b) Let Cp, and C, be the specific heat capacity of
the gas at constant pressure and volume.

At constant pressure, heat required

AQ1 =nCuAT

160 = nCyp50 ()

At constant volume, heat required

AQZ = nCVAT

240 =nC,-100 .. (i)
Dividing (i) by (ii), we get

160 C, 50

240 C, 100

L, G a2

C, 3 f
(Here, f = degree of freedom)
f=6.
The specific heats, Cp, and C, of a gas of
diatomic molecules, A, are given (in units of
Jmol= k™) by 29 and 22, respectively.
Another gas of diatomic molecules, B, has the
corresponding values 30 and 21. If they are
treated as ideal gases, then:
(a) Ais rigid but B has a vibrational mode
(b) A has a vibrational mode but B has none.
(c) A has one vibrational mode and B has
two. (d) Both A and B have a vibrational
mode each.

Solution:

Explore more at www.ph
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C 29 ; ]
b =—P -"" =1.32< 1.4 (diatomic
(b) 74 c. 2 ( )
and B=§=E:1.43>1.4

21 7

Gas A has more than 5-degrees of freedom.

12. The figure below shows the variation of

specific heat capacity (C) of a solid as a
function of temperature (T). The
temperature is increased continuously from 0
to 500 K at a constant rate. Ignoring any
volume change, the following statement(s) is
(are) correct to a reasonable approximation.

A

100 200 300 400 500

(a) The rate at which heat is absorbed in the
range 0-100 K varies linearly with
temperature T.

(b) Heat absorbed in increasing the
temperature from 0-100 K is less than the
heat required for increasing the temperature
from 400-500 K.

(c) There is no change in the rate of heat
absorption in the range 400-500 K.

(d) The rate of heat absorption increases in
the range 200-300 K.

In the figure, a container is shown to have a
movable (without friction) piston on top. The
container and the piston are all made of
perfectly insulated material allowing no heat
transfer between outside and inside the
container. The container is divided into two
compartments by a rigid partition made of a
thermally conducting material that allows
slow transfer of heat. The lower
compartment of the container is filled with 2
moles of an ideal monatomic gas at 700K and
the upper compartment is filled with 2 moles
of an ideal diatomic gas at 400K. The heat
capacities per mole of an ideal monatomic
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gasare C, = —R C, =2R, and those for an

ideal diatomic gas are C, :%R,CP =%R.

?

Solution:
(b, c, d)
(a) Aswe know, Q =mc AT

Ci.e.,rate of heat absorption « C.

In the range 0 to 100K from the graph, C
increases with temperature but not linearly
therefore the rate at which heat is absorbed
varies with temperature. But not linearly.

(b) As the value of C is greater in the
temperature range 400-500K, the heat absorbed
in increasing the temperature from 0-100K is
less than the heat required for increasing the
temperature from 400-500K.

(c) From the graph the value of C does not
change in the temperature range 400-500K,
therefore there is no change in the rate of heat
absorption in the range.

(d) As the value of C increases from 200-300K,

the rate of heart absorption increases in the
range 200-300K.

Beginner Internal Energy & Law of
Equipartition

1. The ratio of average translational kinetic
energy to rotational kinetic energy of a
diatomic molecule at temperature T is

(@3 (b) 7/5
(c) 5/3 (d) 3/2
Solution:

Correct option is D.
For a diatomic molecule, the three-translation
direction contribute 1/2kT per molecule, and for

each molecule there are also two axes of rotation,

contributing rotational kinetic energy in the
amount of 1/2Kt each.

Kinetic Theory of Gases

So total translational kinetic energy= (3/2)kT &
total rotational kinetic energy = (2/2)KT.

So, the ratio of average translational molecule at
temperature T is (3/2).

2. Amass M = 15 g of nitrogen is enclosed in a

vessel at temperature T = 300 K. what amount
of heat to be transferred to the gas to increase
the room mean square velocity of molecules
n=2 times?

Q = nCyAT as gas in closed vessel.
15 5XR
Qzﬁx 5 X (4T —T)

Q = 10000] = 10k/

3. Two monoatomic ideal gas 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
ni and n; respectively. The temperature of the
mixture will be :

T, +T, T.
()n+n (b)n_l n
1 2
n, T, +nT, nT, +n,T,
() ——= (d) —/———=
n+n, n +n,
Solution:

Correct option is D.

Net P-V work done = 0 as no change in volume
takes place

Also net heat absorbed = 0

Thus, by first law, net internal energy change =0
n,Cy ATy + n,C,, AT, = 0

Both gases are monoatomic

3
Cy, +Cy, = ER

Let final temperature of mixture at equilibrium
beT

Then,

3
ER(nl(T —T)) +ny(T—T,)) =0
Ty +n,T,
B n, +n,

. Mean translational Kinetic energy of each

degree of freedom of one molecule of a gas will
be —

(@) RT/2 (b) kT/2
(c) 3RT/2 (d) 3kT/2
Solution:(b)

Explore more at www.ph
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5. Mean kinetic energy of one gram helium at
27°C will be —
(@) 3527 x 1077 Joule (b) 6 x 1078 Joule
(c) 933 x 103 Joule (d) 933.7 Joule
Solution:(d)
4gm =U =3/2RT
1gm of Helium = 1/4 U

= g x 8314 x 300

6. The Kinetic energy of gas molecules at 300 K is
75 joule. This energy at 500 K will be —
(a) 1253 (b) 208 J
(c)270J (d)3753J
Solution:(a)
Kinetic intranet of temp
UxT
H=5—00 =§><75 =125
75 300 3
7. The value of rotational K.E. at temperature T
of one gram molecule of a diatomic gas will be

(@ RT (b) 3RT/2
(c) 5RT (d) 5RT/2
Solution:(a)

1

U o =(2)(E RTJ =RT

8. CO is linear triatomic molecule.
The average K.E. at temperature T will be —

(@) 3kT/2 (b) 5kT/2
(c) 6kT/2 (d) 7kT/2
Solution:(b)

9. A closed vessel contains a mixture of two
diatomic gases A and B. molar mass of A is 16
times that of B and mass of gas A contained in
the vessel is 2 times that of B. which of the
following statements are correct?
(a) average kinetic energy per molecule of A is
equal to that of B
(b) Root mean square value of translational
velocity of B is four times that of A.
(c) pressure exerted by B is eight times of that
exerted by a
(d) Number of molecules of B, in the cylinder,
is eight times that of A.

Solution:
Correct options are A,B,C and D.
A

Explore more at www.ph
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Molecular wt = 16M,

mass = 2my
—_ no

nyg = E

B

Molecular wt = M,

mass = my

np =MNyo

(A) K.E/atom=f/2kT which will be same for both
the gases as both are diatomic.

3RT

(B) CrmsA = TMO

3RT
CrmsB = 70

(Crms)p = 4(Crms)a
(C) (P), = T2
Py = (no‘iRT
(P)g =8(P)a
(D) ng = 8ny
10. N moles of a diatomic gas in a cylinder are at
a temperature T. Heat is supplied to the
cylinder such that the temperature remains
constant but n moles of the diatomic gas get
converted into monoatomic gas. What is the
change in the total kinetic energy of the gas?

@) %nRT (b) 0
3 5
c) —nRT d) =nRT
© > (d) 5
Solution:

(a) Energy associated with N moles of diatomic
gas,
U,=N SRT

2
Energy associated with n moles of monoatomic
gas
= n§ RT

2

Total energy when n moles of diatomic gas
converted into monoatomic

3 5
(Uf)=2nERT +(N=n)ZRT

_LRT 4 2NRT
2 2

Now, change in total kinetic energy of the gas
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AU=Q=%nRT

11. A gas mixture consists of 3 moles of oxygen
and 5 moles of argon at temperature T.
Assuming the gases to be ideal and the oxygen
bond to be rigid, the total internal energy (in
units of RT) of the mixture is :

(@15 (b) 13
(c)20 (d) 11
Solution:

(a) Total energy of the gas mixture,
_ fnRT, N f,n,RT,
mix 2 2

=3><%RT +g><3RT =15RT

E

12. When heat Q is supplied to a diatomic gas of
rigid molecules, at constant volume its
temperature increases by AT. The heat
required to produce the same change in
temperature, at a constant pressure is :

2 5
() gQ (b) §Q
7 3
© gQ (d) EQ
Solution:

(c) Amount of heat required (Q) to raise the
temperature at constant volume

Q =nC,AT . (i)

Amount of heat required (Q1) at constant
pressure

Q1 =nCAT (D)
Dividing equation (ii) by (i), we get
SQS

Q C

_o)1 ey T
o-@fl)  [-2-])

13. An ideal gas occupies a volume of 2 m® at a
pressure of 3 x 10° Pa. The energy of the gas:

(@) 9 x10°J (b) 6 x 10*J

(c) 1087 (d) 3 x102J
Solution:

(a) Energy of the gas, E

f f f
= IRT =PV =E(3x106)(2)

=fx3x108

Kinetic Theory of Gases

Considering gas is monoatomic i.e., f =3
Energy, E =9 x 10°J

14. A gas mixture consists of 3 moles of oxygen
and 5 moles of argon at temperature T.
Considering only translational and rotational
modes, the total internal energy of the system
is:

(a) 15RT (b) 12 RT
() 4RT (d) 20 RT
Solution:

(@ u =%anT +%n2RT
Considering translational and rotational modes,
degrees of freedom f; =5and f, = 3
4 U=2(3RT)+ 2 5RT
2 2

U =15RT

15. Two kg of a monoatomic gas is at a pressure
of 4 x 10* N/m?2. The density of the gas is 8
kg/mé. What is the order of energy of the gas
due to its thermal motion?

(@) 10%J (b) 10°J
(c) 10*J (d) 10°J
Solution:

(c) Thermal energy of N molecule

= NPkT):ﬁERT =§(nRT)=§Pv
2 N, 2 2 2
_3p[m =§P(3j=§x4x104 <2
2 \p) 2 \8) 2 8
=1.5x10%J
Therefore, order = 10*J
16. Using equipartition of energy, the specific

heat (in J kg™ K1) of aluminium at room
temperature can be estimated to be (atomic
weight of aluminium = 27)

(a) 410 (b) 25
(c) 1850 (d) 925
Solution:

(d) Using equipartition of energy, we have

6 KT =mCT

2

~ 3x1.38x107%° x6.02x10%

- 27x10°
= C =925 J/kgK

17. Increase in temperature of a gas filled in a
container would lead to

C

Explore more at www.ph
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(a) increase in its kinetic energy
(b) decrease in its pressure
(c) decrease in intermolecular distance
(d) increase in its mass

Solution:
(a) As the temperature of gas in the container is
increased, the Kinetic energy also increases.
This is because the average kinetic energy of a
gas is given by
KE:%nRT ... (1)
where, f = degree of freedom,
n = number of moles of gas molecules,
R = universal gas constant, and
T = absolute temperature of the gas.
From Eq. (i),
KExT
option (b) is incorrect as increase in temperature
will lead to increase in pressure as p « T. Other
options (c) and (d) are also incorrect as
molecular distance increases while mass
remains the same for increase in the
temperature.

Expert Internal Energy & Law of
Equipartition

1. Two perfect monoatomic gases at absolute
temperature T, and T, are mixed. There is no
loss of energy. Find the temperature of the
mixture if masses of the molecules are m; and
m; and the number of molecules in the gases
are ny and n..

Solution:

Net P-V work done = 0 as no change in volume
takes place

Also, net heat absorbed =0

Thus, by first law, net internal energy change =0
n,Cy ATy + 1€, AT, = 0

Both gases are monoatomic

3
Cyl = Cvz = ER

Let final temperature of mixture at equilibrium
beT

Then,

3

ER(nl(T —T) +ny(T—T,)) =0
_ n1T1 + n2T2

nq + n,
2. A 15 g mass of nitrogen gas is enclosed in a

vessel at a temperature 27°C. Amount of heat
transferred to the gas, so that rms velocity of

molecules is doubled, is about: [Take R = 8.3

J/IK mole]

(2) 0.9 kJ (b) 6kJ
(c) 10kJ (d) 14 kJ
Solution:

(c) Heat transferred,

Q =nC\AT as gas in closed vessel

To double the rms speed, temperature should be 4
times i.e., T’

=4Tas v,,, =v3RT /M

.'.Q:%x x(4T -T)
CP 7
|:'.'C_V:7diatomic :g&cp _Cv = R:|

or, Q =10000 J =10 kJ

3. A closed vessel contains 0.1 mole of a

monatomic ideal gas at 200 K. If 0.05 mole of
the same gas at 400 K is added to it, the final
equilibrium temperature (in K) of the gas in

the vessel will be close to

Here work done on gas and heat supplied to the
gas are zero.

Let T be the final equilibrium temperature of the
gas in the vessel.

Total internal energy of gases remains same.

i.e, U +U,=U +U,

or, MmC,AT1+ nCAT2 = (N1 +n2)C, T

(0.1) Cv(200) + (0.05)C\(400) = (0.15)C.T

a7 =¥ = 266.67 k.

4. A container of fixed volume has a mixture of

one mole of hydrogen and one mole of helium
in equilibrium at temperature T. Assuming the
gases are ideal, the correct statement(s) is (are)
(a) The average energy per mole of the gas
mixture is 2RT

(b) The ratio of speed of sound in the gas
mixture to that in helium gas is \/6/5

(c) The ratio of the rms speed of helium atoms
to that of hydrogen molecules is %2

(d) The ratio of the speed of helium atoms to
that of hydrogen molecules is 1/v2

(a, b, d)

Explore more at www.ph
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Kinetic Theory of Gases

According to question no. of mole of hydrogen =

no. of mole of helium =1

Total internal energy, u

= ﬁnRT +f—nRT S>u= ERT + 5RT 4RT
2 2 2 2

.. Average internal energy per mole = % =

4-RT — 2RT
2

We know that Vy,yna = ’%T
ny+n, nq + n, 2
= =
]/mix_1 ]/1_1 [/2_1 [/mix_l
_ 1 1
"5, T
3 5
2 3 4 5 4 1 1
=—+4+-—=4 5y  —1== 7 .
]/mix — 1 2 2 ]/mlx 2 I/mlx
_ 3
Vmix _ [Imic o Jx4 f
(Vs)He Mmlx 3><7
1x2+1x4 _
[ Mmlx - ]

We know that V.., = /3RT
(Vrms)He \/7
(Vrms)Hz f

. One mole of a monatomlc ideal gas undergoes
an adiabatic expansion in which its volume
becomes eight times its initial value. If the
initial temperature of the gas is 100 K and the
universal gas constant R =8.0 J mol~1K~1
the decrease in its internal energy, in Joule,
is

Solution:

(900J) Given:T; = 100K, V; = 8V,

For and adiabatic process, TV/~! = constant

or, T/ ™ =T,y

T (VoY i (Bve) ™
:Tf_(VL') :Tf_(V[)
. 5
For monoatomic gas y = -
T; T;
Tf = §— = Z
(83—-1)

Change in internal energy 4Au = nC,AT

3, (Ti 3 3 _
= 1XER(:_Ti) —5)(8(—2) X 100 =
—900/=900j

Explore more at www.ph

Beginner Mean Free Path

1. In a dilute gas at pressure P and temperature

T, the mean time between successive collisions
of a molecule varies with T is:

@T (b) %

© = (@) NT
Solution:

(b) Mean free path, A= ﬁ

Where, d = diameter of the molecule
n = number of molecules per unit volume

But, mean time fo collision, 7 = —

Vrms
Butv,, = £
__ A L
U
m

2. An ideal gas in a closed container is slowly

heated. As its temperature increases, which of
the following statements are true?

(1) The mean free path of the molecules
decreases

(2) The mean collision time between the
molecules decreases

(3) The mean free path remains unchanged

(4) The mean collision time remains unchanged
(a) (2) and (3) (b) (1) and (2)

(c) (3) and (4) (d) (1) and (4)

As we know mean free path
1

N 2
\/E(V)zd
Here,
N = no. of molecule
V = volume of container

d = diameter of molecule
But PV = nRT = nNKT

A=

N P

VKT
1 KT
V2 7d?P
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For constant volume and hence constant number dxe =010 nm
2
density n of gas molecules P is constant. Ay _ Gy (100 _ 2.04
T Ay d2 49
io’ mean free p?th remains sarfne. lision 5. Estimate the mean free path of nitrogen
stelmpetr_atu? mc(rjeases no. OT COTIISIoN IncTeases molecule in a cylinder containing nitrogen at
S0 refaxation fime ecrea.ses. . 2.0 atm and temperature 27°C. Take the
3. Two gases-argon (atomic radius 0.07 nm, radius of a nitrogen molecule to be roughly

atomic weight 40) and xenon (atomic radius 1.0° A.
0.1 nm, atomic weight 140) have the same k =138 x 102 J/K
number density and are at tht_a same Ansis 1.16 x 10~ Eind X
temperature. The ratio of their respective .

. ) ) Solution:
mean free times is closest to: -
(a) 3.67 (b) 1.83 A=
() 2.3 (d) 4.67 V2rd?*P

Solution: (1.38x107*)x300
Mean free path of a gas molecule is given by - \/Eﬂ(4><10’2°)>< (2 ><105)
1
A=—m— 13.8x3
2 dzn — ><10—22+20—5
i - . 8x1.414x314

Here, n = number of collisions per unit volume X =7

d = diameter of the molecule

. 6. The plot that depicts the behavior of the mean
If average speed of molecule is v then

free time Tt (time between two successive

Mean free time, ¢ :i collisions) for the molecules of an ideal gas, as
v a function of temperature (T), qualitatively, is:
1 1 / M (Graphs are schematic and not drawn to scale)
T = 2 = 2
\/Eﬂ'nd v \/Eﬂ'nd 3RT

- N 1S

1
s @ © 7
* i— M X d22 T
r, df M,
[40 (01Y Y

4. Two gases Ar (40) and Xe (131) at same
temperature have same number density. Their <
diameters are 0.07 nm and 0.10 nm
respectively. Find the ratio of their mean free

time | T
(@) 1.03 (b) 2.04 Solution:
(© _1.13 (d) 2.40 (¢) Relaxation time (r) o mean freepath
Solution:(b) speed
Nxe = Nar
T oC—
A iz v
and, voc T
dar = 007 nm

Explore more at www.ph
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1 . . .
Hence graph between 1 v/s — s a straight line

JT
which is correctly depicted by graph shown in
option (c).
7. The mean free path | for a gas molecule
depends upon diameter, d of the molecule as

@) | ocd—lz (b) 1 d
©) 1 ¢ o (d)loc%
Solution:

(a) The mean free path | for a gas molecule is
given as

! =l i
J2znd? d’
where, d = diameter of molecule of gas.
8. The mean free path A for a gas, with molecular

diameter d and number density n can be
expressed as

1
@ g O T
()\/—2 2 (d)fn;zd
Solution:

(a) The mean free path A for a gas, with
molecular diameter and number density n is
given by the relation

1
- J2nzd?

Hence, correct option is (a).

Kinetic Theory of Gases

1

=\/§Nm’2

Average time 1 = <V>
T v

~ \2x200x6.023x10%
- 25x10°° '
The closest value in the given option is = 101°

2. An ideal gas is enclosed in a cylinder at
pressure of 2 atm and temperature, 300 K.
The mean time between two successive
collisions is 6 x 10® s. If the pressure is
doubled and temperature is increased to 500
K, the mean time between two successive
collisions will be close to:

= 200.N7zr2A/2

%107 x0.09

(@2x10"s (b) 4 x 108 s
(c)0.5x10%s (d)3x10°s
Solution:
. 1
b) Using, 7= —————
©) 97 2nzd 2Vavg
JT
P
[, o _ ho.of molecules}
B Volume
or, L . :\/SOOX P 4 10%s
6x10° 2P /300
Beginner Ideal Gas Equation

Expert Mean Free Path

1. A 25 x 102 m? volume cylinder is filled with 1
mol of O; gas at room temperature (300 K).
The molecular diameter of O, and its root
mean square speed, are found to be 0.3 nm
and 200 m/s, respectively. What is the average
collision rate (per second) for an O, molecule?

(a) ~10% (b) ~10%*
(c) ~10% (d) ~108
Solution:

() V=25x%x10°m?3 N =1mole of O,
T=300K
Vims = 200 m/s

1. Find the approx. number of molecules

contained in a vessel of volume 7 litres at 0°C
at 1.3 x 10° pascal

(@) 2.4 x 10% (b) 3 x 10%
(c) 6 x 10% (d) 4.8 x 10%
Solution:

Correct option is A.
The number of moles is,

PV 13x10°x7x1073
NERTT T 83iaxazs oAmol
The approximate number of molecules contained
in avessel= 0.4 x 6.023 x 10?3 = 2.4 x 10?3
2. When 2 gms of a gas are introduced into an
evacuated flask kept at 25°C the pressure is
found to be one atmosphere. If 3 gms of
another gas added to the same flask the
pressure becomes 1.5 atmospheres. The ratio
of the molecular weights of these gases will be
(@)1:3 (b)3:1
(©2:3 (d)3:2

Explore more at www.physicsfactor.com 15-S37
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Solution:
Correct option is A.
When 2 grams of a gas A is introduced in an
evacuated flask kept at 25°C; the pressure was
found to be 1 atm i.e.
Partial Pressure of gas A = latm.
And let mole be
2
M,
If 3 g of another gas B is then added to the same
flask;
Partial Pressure of gas B = 1.5atm — latm = 0.5
atm

nyg =

3
Mol B=—
ole of gas M,

Again, the temp and volume are constant
therefore,

Py P
n, np
Hence,
1 _ 0.5
2 3
M, M,
0.5Mp
= X 2
A 3
My Mp
1 3
Mp
My =—
A7 3
Or
M 1
A=51:3
Mz~ 3

3. A vessel of volume 0.02 m? contains a mixture
of hydrogen and helium at 20°C and 2
atmospheric pressure. The mass of mixture is
5 gms. Find the ratio of mass of hydrogen to
that of helium in the mixture.

@1:2 (b)1:3
(©2:3 (d)3:2
Solution:
Correct option is A.
PV =nRT
(2)(20lit)

T = 0.0821 x 293

m; M
nr = 1.66 =>7+

— =1.66
4
2my +m, = 6.65

given m; + my, =5 = my = 1.65

Explore more at www.ph
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miim, = 1:2

. 28 gm of N, gas is contained in a flask at a

pressure of 10 atm and at a temperature of
57°. It is found that due to leakage in the flask,
the pressure is reduced to half and the
temperature reduced to 27°C. The quantity of
N2 gas that leaked out is

(a) 11/20 gm (b) 20/11 gm

(c) 5/63 gm (d) 63/5gm

Correct option is D.
The ideal gas law must hold both before and after
the leakage of the gas.
Thus,
PV Py
PrT;
ng = ET—lei
1273 +57
YT 2273 270
11
= SoMi
11
mg = %mi
Thus,
9 63

leaked out mass = %mi = ?g

. If a mixture of 28 g of Nitrogen, 4 g of

Hydrogen and 8 gm of Helium is contained in
a vessel at temperature 400 K and pressure
8.3 x 10° Pa, the density of the mixture will be

(@) 3 kg/m® (b) 0.2 kg/m?®
(c) 2 g/litre (d) 1.5 g/litre

Correct option is C.
Moles,

28
NZ = % =1

1x284+2x4+8x2 40
5 T4

molar mass =
=5
PM 83x8
= = =2gm/l

P = R = 008 x400




Adaptive Problems Book in Physics (Vol. 15)

6. A closed vessel of volume Vo contains oxygen
at a pressure Py and temperature To. Another
closed vessel of the same volume V, contains
helium at a pressure of Py and temperature
To/2. Find the ratio of the masses of oxygen to
the helium.

Solution:
_PVM
W= Rt
W02 _ P02V02M02 % RTHe
Wy, RTy, Py, Vy, My,
Ty
wo, _PoVox32 5 4
wy, T PVox4 1

e

7. For the P-V diagram given for an ideal gas,

A

1

~ Constant
\.’

v

v

Out of the following which one correctly
represents the T-P diagram ?

A 2 . 2
T
T
1 1
@) P (b) P
T T
De— 1 l——2
© P (@ P
Solution:
(c) From P-V graph,
P o 1 ,
V

T = constant and Pressure is increasing from 2 to
1 so0 option (c) represents correct T-P graph.

8. Initially a gas of diatomic molecules is
contained in a cylinder of volume V; ata
pressure P, and temperature 250 K. Assuming
that 25% of the molecules get dissociated
causing a change in number of moles. The
pressure of the resulting gas at temperature

Kinetic Theory of Gases

2000 K, when contained in a volume 2V is
given by P,. The ratio P,/P; is

Using ideal gas equation, PV = nRT
P1Vi=nR x 250 [+ T1=250K] ... (i)

P, (ZVl = %n R x 2000) [ T.=2000 K]
(ii)
Dividing eq. (i) by (ii),

P, 4x250
2P, 5x2000
ﬂ
PZ

1
5

=5

S0 |0

9. The change in the magnitude of the volume of
an ideal gas when a small additional pressure
AP is applied at a constant temperature, is the
same as the change when the temperature is
reduced by a small quantity AT at constant
pressure. The initial temperature and
pressure of the gas were 300 K and 2 atm.
respectively. If |AT|=C|AP|, then value of C
in (K/atm.) is

Solution:

In first case,
From ideal gas equation
PV =nRT
PAV + VAP =0
(As temperature is constant)

AP .
AV = —?V .. (D)
In second case, using ideal gas equation again
PAV = —nRAT

NRAT

P
Equation (i) and (ii), we get
_TRAT _ AP,
P P

AV =—

... (ii)

AT =APi
nRkR

Comparing the above equation with |AT|=C|AP|
, We have

VAT 300K

"nR AP 2atm
=150 K/atm

Explore more at www.ph
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10. A jar contains a gas and a few drops of water
at T°K. The pressure in the jar is 830 mm of
Hg. The temperature of the jar is reduced by
1%. The saturated vapor pressures of water
at the two temperatures are 30 and 25 mm of
Hg. Calculate the new pressure in the jar.

Solution:

P, =830 — 30 = 800mm Hg ; P,?

Vi=V ; Vo=V,; T, =T ;T,
=T—-001T=099T

AN AY P,T, 800 x 0.099T

T, T, (T T, T
=792mmHg

.. Total pressure in the jar = 792 + 25 = 817 mm

Hg

11. Given samples of 1 c.c. of hydrogen and 1c.c.

of oxygen, both at N.T.P. which sample has a
larger number of molecules?

Solution:
From, PV =nRT
When P,T are same n «< V
As volumes are same, i.e., 1c.c of each
hydrogen and oxygen, So both samples will
have equal number of molecules.

12. An ideal gas equation can be written as
_ pRT
= M.
where, p and Mo are respectively,
(a) mass density, mass of the gas
(b) number density, molar mass
(c) mass density, molar mass
(d) number density, mass of the gas
Solution:
(a) Ideal gas equation is given as

pszT = p-%zRT
M, P
pV =RT
where, Vzﬂ
o

Hence, p and My are mass density and mass of
gas, respectively.
13. A cylinder contains hydrogen gas at pressure
of 249 kPa and temperature 27°C.
Its density is (R = 8.3 J mol K™).
(@) 0.2 kg/m?® (b) 0.1 kg/m?®
(c) 0.02 kg/m?® (d) 0.5 kg/m?®
Solution:

Explore more at www.ph
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(a) Given,

pressure p = 249 kPa = 249 x 10° Pa
Temperature, T = 27°C

=273 + 27 K =300K

Density, p=?

As, from ideal gas equation,

pV =nRT

m
V =—RT
PV =M

vt

m m
M =—RT =pRT |as —=
oM = IRT = pRT |25 71~

pVM = mRT

_pM

" RT

249 x10° x2x107°

~ 8.3x300

[+ for hydrogen gas, M = 2g = 2 x 102 kg]
p = 0.2kg/m3

Hence, correct option is (a).

Yo,

Pro Ideal Gas Equation

1. A vertical closed cylinder is separated into two
parts by a frictionless piston of mass m and of
negligible thickness. The piston is free to move
along the length of the cylinder. The length of
the cylinder above the piston is |1, and that
below the piston is Iz, such that I; > I,. Each
part of the cylinder contains n moles of an
ideal gas at equal temperature T. If the piston
is stationary, its mass, m, will be given by: (R
is universal gas constant and g is the
acceleration due to gravity)

0) ﬂ{ml + |2}
g

RT[1,-3l,
@) E{ Ll } L,

12

© E[LE} ) ﬂ{u}
g g

|2 Il Il|2

Solution:

(d) Clearly from figure,

P,A =P,A + mg

nRT-A_ nRT'AJr
Al, Al

mg
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'y
n T
/ l P,A
=< | |
‘. PAT lmg
2 n T =
X
nRT l—lj =mg
P

g |1'|2

2. The temperature of an open room of volume
30m3increases from 17°C to 27°C due to
sunshine. The atmospheric pressure in the
room remains 1x 10°Pa. If n; and ngare the
number of molecules in the room before and
after heating, then ny — n; will be:

(a) 2.5 x 10%5 (b) -2.5 x 1025
(c)-1.61 x 10%3 (d) 1.38 x 10%3
Solution:

(b) Given: Temperature T; = 17 + 273 = 290 K
Temperature Tr = 27 + 273 = 300K
Atmospheric pressure, P, = 1 X 10°Pa

Volume of room, V, = 30m3

Difference in number of molecules, ny — n; =?
Using ideal gas equation, PV = nRT(N,),

N, = Avogadro's number

PV
>N = (No)

. _PVo (1 1)
nf n; = R Tf Tl- 0

_1x105x30x6023x1023<1 1)
- 8314 ' 300 290
= —2.5x10%°

3. Two non-reactive monatomic ideal gases have
their atomic masses in the ratio 2:3. The ratio
of their partial pressures, when enclosed in a
vessel kept at a constant temperature, is 4:3.
The ratio of their densities is
(@) 1:4 (b) 1:2
(c) 6:9 (d) 8:9

Solution:

(d) P,M, = P,RT and P,M, = P,RT
P My P
=X == ==
P, M, P,
LV S
3 3

8
P, P, 9
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Beginner Miscellaneous Problems

1. Two vessels of the same volume contain the

same gas at same temperature. If the pressure
in the vessels be in the ratio of 1 : 2, then

(a) the ratio of the average Kinetic energy is 1 :
2

(b)

the ratio of the root mean square velocity is 1
01

(c) the ratio of the average velocity is 1 : 2

(d) the ratio of number of moleculesis 1 : 2

Correct options are B and D.
As we know,
_1mnC?
P=3=
So,
P x nC?
When m and V are constant.
But

C x T

As the temperature of two vessel is the same, the
rms velocity of gas molecules in two vessels will
be the same.

When temperature is same for two vessels then
Pxn

So,
Pl_nl_l
P, n, 2

. A gasis enclosed in a vessel at a constant

temperature at a pressure of 5 atmosphere
and volume 4 litre. Due to a leakage in the
vessel, after some time, the pressure is
reduced to 4 atmosphere. As a result, the

(a) volume of the gas decreased by 20%

(b) average K.E. of gas molecule decreases by
20%

(c) 20% of the gas escaped due to the leakage
(d) 25% of the gas escaped due to the leakage

Solution:
Correct option is C.
P
n=F><n=§><n=O.8n

Thus, amount of gas escaped is n —0.8n = 0.2n or
20%.

3. Modern vacuum pumps can evacuate a vessel

down to a pressure of 4.0 x 10~%° atm. at room
temperature(300K). Taking R = 8.0 JK!
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mole™, 1 atm = 10° Pa and Navogadro = 6 X 102
mole™, the mean distance between molecules
of gas in an evacuated vessel will be of the
order of:

(a) 0.2 pm (b) 0.2 mm

(c)0.2cm (d)0.2nm
Solution:

(b)

4. Two moles of ideal helium gas are in a rubber
balloon at 30°C. The balloon is fully
expandable and can be assumed to require no
energy in its expansion. The temperature of
the gas in the balloon is slowly changed to
35°C. The amount of heat required in raising
the temperature is nearly (take R=8.31
j/mol.K)

(a)62J (b) 104 J
(c) 1243 (d) 208 J
Solution:

(d) The heat is supplied at constant pressure. i.e.,
the process is isobaric

Q = nCpAt

5
—2[ ]XAt=2><EX8.31><5=208]

( Cp = ER for mono — atomic gas)

5. An ideal gas is expanding such that PT? =

constant. The coefficient of volume expansion
of the gas is —

(@ 1T (b) 2/T
(c)3/T (d) 4T
Solution:
(c) pT = constant (given)
nRT
(T) T, = constant or T3V ™! = constant
(-.PV = nRT)
Differentiating the equation, we get
372 T3 T _
TdT—WdV:00T3devdV (l)
From the equation
dV = VypdT

t = coefficient of volume expansion of gas =
av

v.ar

av 3
fromeq. (i) y = i

6. The amount of heat energy required to raise
the temperature of 1 g of helium at NTP, from
T:Kto ToK is
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Beginner Test - |

1. Under what conditions, real gases behave as an ideal gas?
2. The given graph shows the variation of p-V versus p graph for different gases at constant temperature. Which
of the following gas is ideal and why?

PV 4

_
N

>P

3. The volume of a given mass of a gas at 27°C, 1 atm is 100 cc. What will be its volume at 327°C?

4. If a vehicle runs on the road for a long time, then the air pressure in the tyres increases. Explain.

5. 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?

6. If a gas is heated, its temperature increases. On the basis of kinetic theory of gases, explain.

7. Estimate the total number of air molecules (inclusive of oxygen, nitrogen, water vapour and other constituents)
in a room of capacity 25.0 m? at a temperature of 27°C and 1 atm pressure. (ks = 1.38 x 1022 JK™1).

8. A flask contains argon and chlorine in the ratio Of 2:1 by mass. The temperature of the mixture is 27°C. Obtain
the ratio of
(i) Average Kkinetic energy per molecule and
(ii) Root mean square speed (Vms) of the molecules of the two gases. Atomic mass of argon = 39.9 u; Molecular
mass of chlorine = 70.9 u.

9. Three vessels of equal capacity have gases at the same temperature and pressure. The first vessel contains neon
(monoatomic), the second contains chlorine (diatomic) and the third contains uranium hexafluoride
(polyatomic). Do the vessels contain equal number of respective molecules?

Is the root mean square speed of molecules, the same in the three cases? If not, in which case is Vms, the largest?

10. At what temperature, is the root mean square speed of an atom in an argon gas cylinder equal to the rms speed
of a helium gas atom at —20°C? (Atomic mass of Ar=39.9 u, He = 4.0 u).

11. A gas is contained in a closed vessel. How pressure due to the gas will be affected if for of attraction between
the molecules disappear suddenly?

12. Estimate the average thermal energy of a helium atom at (i) room temperature (27°C) (ii) the temperature on
the surface of the sun (6000 K), (iii) the temperature of 10 million Kelvin (the typical core temperature in the
case of a star).

Thermal energy represents that part of internal energy which is translational kinetic in nature. This is equal to

ngT ; which only depends on absolute temperature of the gas.

13. Explain, why
(i) There is no atmosphere on moon.
(i) There is fall in temperature with altitude.

14. The container shown in figure has two chambers, separated by a partition of volumes V; =2.0 L and V,; =3.0
L. The chambers contain p; = 4.0 and p2 = 5.0 moles of a gas at pressures P1 = 1.00 atm and p; = 2.00 atm.
Calculate the pressure after the partition is removed and the mixture attains equilibrium.

V1 V>

M1 M2

[Explore more at www.physicsfactor.com
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15.

P1 P2

A gas in equilibrium has uniform density and pressure throughout its volume. This is strictly true only if there
are no external influences. A gas column under gravity, e.g. does not have uniform density (and pressure). As
you might expect, its density decreases with height. The precise dependence is given by the so called law of
atmosphere.

N2 = ny exp[- mg (hz — h1)/keT]
where, n; and n; refer to number density at heights h, and h; respectively. Use this relation to derive the
equation for sedimentation equilibrium of a suspension in a liquid column.

N2 = ny exp[-mg Na (p - p')(h2 — h1)/(p RT)]
where, p is the density of the suspended particle and p', that of surrounding medium.
[+ Na is Avogadro's number and R is the universal gas constant.]

16. You are given, the following data about a group of particles, where n; represents the number of molecules with
speed Vi
ni 2 4 8 6 3
vi(ms1) 1.0 2.0 3.0 4.0 5.0
Calculate

(i) average speed
(ii) rms speed
(iii) most probable speed.

17. Consider an ideal gas with following distribution of speeds.
Speed (M/s) % of molecules
200 10
400 20
600 40
800 20
1000 10

18.
19.
20.
21.
22.
23.

24,
25.
26.
217.

(i) Calculate Vims and hence T(m = 3.0 x 10% kg)

(i1) If all the molecules with speed 1000 m/s escape from the system, calculate new vims and hence T.

What is the number of degree of freedom of a bee flying in a room?

Is molar specific heat of a solid, a constant quantity?

Name an experimental evidence in support of random motion of gas molecules.

How is mean free path depends on number density of the gas?

If amolecule having N atoms has k number of constraints, how many degrees of freedom does the gas possess?
Equal masses of monoatomic and diatomic gases are supplied heat at the same temperature, pressure and
volume. If same amount of heat is supplied to both the gases, which of them will undergo greater temperature
rise?

Calculate the number of degrees of freedom in 15 cm? of nitrogen at NTP.

What will be the internal energy of 8 g of oxygen at STP?

What is basic law followed by equipartition of energy?

Calculate the mean free path of a molecule of a gas at a room temperature and one atmospheric pressure. The
radius of the gas molecules (avg) is 2 x 101°m?

[Explore more at www.physicsfactor.com




Adaptive Problems Book in Physics (Vol. 15) Kinetic Theory of Gases

28. Calculate the temperature of atoms at which rms speed of Argon gas is equal to the rms speed of Helium gas
atoms at —10°C? (Atomic mass of Ar = 39.9 u, that of He = 4u)

29. A cylinder of fixed capacity contains 44.8 L of helium gas at STP. Calculate the amount of heat required to
raise the temperature of container by 15°C?
[given R =8.31 J mol K]

30. Three moles of a diatomic gas is mixed with two moles of monoatomic gas. What will be the molecular
specific heat of the mixture at constant volume? [given, R = 8.31 J mol K]

31. Abox of 1.00 m? is filled with nitrogen at 1.50 atm at 300 K. The box has a hole of an area is 0.010 mm?.
How much time is required for the pressure to reduce by 0.10 atm, if the pressure outside is 1 atm.

32. (i) What do you understand by specific heat capacity of water?
(ii) 1f one mole of ideal monoatomic gas (y = 5/3) is mixed with one mole of diatomic gas (y = 7/5). What is
the value of y for the mixtures? (here, y represents the ratio of specific heat at constant pressure to that at
constant volume)

Answer Key

Refer. Solutions

Beginner Test - 11
1. Estimate the fraction of molecular volume to the actual volume occupied by oxygen gas at STP. Take the
diameter of an oxygen molecule to be 3A.
2. Molar volume is the volume occupied by 1 mol of any (ideal) gas at standard temperature and pressure (STP:
1 atmospheric pressure, 0 °C). Show that it is 22.4 litres.
3. Figure shows plot of PV/T versus P for 1.00 x 102 kg of oxygen gas at two different temperatures.

¥
r

T2

S|

P
What does the dotted plot signify?
Which istrue: T1>T2o0r T1 < T2?
What is the value of PV/T where the curves meet on the y-axis?
If we obtained similar plots for 1.00 x 102 kg of hydrogen, would we get the same value of PV/T at the point
where the curves meet on the y-axis? If not, what mass of hydrogen yields the same value of PV/T (for low
pressure high temperature region of the plot)? (Molecular mass of H, = 2.02 u, of O, =32.0u, R=8.31J
mol* K1)

4. An oxygen cylinder of volume 30 litres has an initial gauge pressure of 15 atm and a temperature of 27 °C.
After some oxygen is withdrawn from the cylinder, the gauge pressure drops to 11 atm and its temperature
drops to 17 °C. Estimate the mass of oxygen taken out of the cylinder (R = 8.31 J mol~* K-, molecular mass
of O, =32 u).

5. An air bubble of volume 1.0 cm? rises from the bottom of a lake 40 m deep at a temperature of 12 °C. To
what volume does it grow when it reaches the surface, which is at a temperature of 35 °C?

6. Estimate the total number of air molecules (inclusive of oxygen, nitrogen, water vapour and other
constituents) in a room of capacity 25.0 m?® at a temperature of 27 °C and 1 atm pressure.

7. Estimate the average thermal energy of a helium atom at (i) room temperature (27 °C), (ii) the temperature on
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the surface of the Sun (6000 K), (iii) the temperature of 10 million Kelvin (the typical core temperature in the
case of a star).

8. Three vessels of equal capacity have gases at the same temperature and pressure. The first vessel contains
neon (monatomic), the second contains chlorine (diatomic), and the third contains uranium hexafluoride
(polyatomic). Do the vessels contain equal number of respective molecules? Is the root mean square speed of
molecules the same in the three cases? If not, in which case is vrms the largest?

9. At what temperature is the root mean square speed of an atom in an argon gas cylinder equal to the rms speed
of a helium gas atom at — 20 °C? (Atomic mass of Ar =39.9 u, of He = 4.0 u).

10. Estimate the mean free path and collision frequency of a nitrogen molecule in a cylinder containing nitrogen
at 2.0 atm and temperature 17 °C. Take the radius of a nitrogen molecule to be roughly 1.0 A. Compare the
collision time with the time the molecule moves freely between two successive collisions (Molecular mass
of N, =28.0 u).

11. A metre long narrow bore held horizontally (and closed at one end) contains a 76 cm long mercury thread,
which traps a 15 cm column of air. What happens if the tube is held vertically with the open end at the
bottom?

12. From a certain apparatus, the diffusion rate of hydrogen has an average value of 28.7 cm? s The diffusion
of another gas under the same conditions is measured to have an average rate of 7.2 cm? s*. Identify the gas.
[Hint: Use Graham’s law of diffusion: R1/R; = (M1/My) 1/2, where Ry, R, are diffusion rates of gases 1 and
2, and M3 and M, their respective molecular masses. The law is a simple consequence of kinetic theory.]

13. A gas in equilibrium has uniform density and pressure throughout its volume. This is strictly true only if
there are no external influences. A gas column under gravity, for example, does not have uniform density
(and pressure). As you might expect, its density decreases with height. The precise dependence is given by
the so-called law of atmospheres n, = n; exp [-mg (h2 — h1)/ k gT]

Where ny, n; refer to number density at heights h, and h; respectively. Use this relation to derive the equation
for sedimentation equilibrium of a suspension in a liquid column: nz = ny exp [-mg Na (p - p’) (h2 —hy)/
(pRT)]

Where p is the density of the suspended particle, and p’ that of surrounding medium. [NA is Avogadro’s
number, and R the universal gas constant.] [Hint: Use Archimedes principle to find the apparent weight of
the suspended particle.]

14. Given below are densities of some solids and liquids. Give rough estimates of the size of their atoms:

Substance Atomic Mass(u) | Density (10% Kg m=3)
Carbon (diamond) 12.01 2.22

Gold 197.00 19.32

Nitrogen (liquid) 14.01 1.00

Lithium 6.94 0.53

Fluorine (liquid) 19.00 1.14

[Hint: Assume the atoms to be ‘tightly packed’ in a solid or liquid phase, and use the known value of
Avogadro’s number. You should, however, not take the actual numbers you obtain for various atomic sizes
too literally. Because of the crudeness of the tight packing approximation, the results only indicate that
atomic sizes are in the range of a few A].

Answer Key
1.38x10* 2. 22.4 litres 3.6.3 x 10°kg 4.0.131 kg
5.5.263 cm?® 6. 6.11 x 10% molecules 7.2.07 x 101%) 8. Refer Solution
9.252 x 10°K 10. 500 11.47.8 cm 12. 32.09 g, oxygen

14.1.29A. 159 A.,1.774A, 1.73A.,1.88 A
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Expert Test - |
. The mean free path | for a gas molecule depends upon diameter, d of the molecule as
(a) I oc diz (b) 1 d
) 1
(c)lecd (d) loc q
PRT

. An ideal gas equation can be written as p =
0

where, p and My are respectively,

(a) mass density, mass of the gas (b) number density, molar mass
(c) mass density, molar mass (d) number density, mass of the gas
. The mean free path A for a gas, with molecular diameter d and number density n can be expressed as

1 1

Q) —— by ————

@ J2nzd? ®) J2n?zd?
1 1

C) ———— d

© \/Enzﬂzdz @ \/Enﬂ'd

. A cylinder contains hydrogen gas at pressure of 249 kPa and temperature 27°C.
Its density is (R = 8.3 J molt K1).

(@) 0.2 kg/m? (b) 0.1 kg/m?
(c) 0.02 kg/m?® (d) 0.5 kg/m?
. Increase in temperature of a gas filled in a container would lead to
(a) increase in its kinetic energy (b) decrease in its pressure
(c) decrease in intermolecular distance (d) increase in its mass

. 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 10-?° kg, Boltzmann's constant kg = 1.38 x 102 JK™)
(@) 5.016 x 10*K (b) 8.362 x 10*K
(c) 2.508 x 10* K (d) 1.254 x 10*K

. The molecules of a given mass of a gas have r.m.s. velocity of 200ms at 27°C and 1.0 x 10° Nm~ pressure.
When the temperature and pressure of the gas are respectively, 127°C and 0.05 x 105 Nm2, the rms velocity
of its molecules in ms is

400 10042
(a) Nl (b) —3
©) % (d) 10072

. A given sample of an ideal gas occupies a volume V at a 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?
(a) p/(KT) (b) pm/(KT)
(c) p/(KTV) (d) mkT

. The molar specific heats of an ideal gas at constant pressure and volume are denoted by C, and C,

C
respectively. If y = C_p and R is the universal gas constant, then C, is equal to

1+y
1-y

R

(@) (7-1)

(b)
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(»-1)

© "R d) YR
10. In the given (V-T) diagram, what is the relation between pressures p; and p; ?
VA
2
P

B2

i T
(@) p2=ps (b) p2>ps
(C) p2<p1 (d) Cannot be predicted

11. During an adiabatic process, the pressure of a gas is found to be proportional to the cube of its temperature.

C
The ratio of C_p for the gas is

\

[NEET 2013]
(@) % (b) 2
5 3
(c) 3 (d) >

12. Match Column I with Column Il and choose the correct match from the given choices.

Column | Column 11
A. | Root mean square of gas 1. |1 v
molecules 3

B. | Pressure exerted by ideal | 2. 3RT
gas M

C. | Average kinetic energy of | 3. 5 RT
a molecule 2

D. | Total internal energy of 1 | 4. §k T
mole of a diatomic gas 2 °

Codes

A B C D
(@ 3 1 4 2
(b) 2 3 4 1
(c) 2 1 4 3

(d) 3 2 1 4
13. The average thermal energy for a monoatomic gas is (where, kg is Boltzmann constant and T is absolute
temperature.)

3 5

(8) JkeT (0) S kT
7 1

(©) SkeT (d) SksT
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14. The value of 7/[:

C
—pj , for hydrogen helium and another ideal diatomic gas X (whose molecules are not

v

rigid but have an additional vibrational mode), are respectively equal to

759 579
a) —,—,— by =,—,=
@ 537 ®) 3'5'7
577 757
C D R d —,—,—
© 355 @ 5'3'5
15. A gas mixture consists of 2 moles of O, and 4 moles of Ar at temperature T. Neglecting all vibrational
modes, the total internal energy of the system is
(@ 4RT (b) 15RT
(©)9RT (d) 11 RT
16. One mole of an ideal monatomic gas undergoes a process described by the equation pV? = constant. The
heat capacity of the gas during this process is
3 5
a) =R b) =R
(a) 5 (b) 5
(c)2R dR
17. The amount of heat energy required to raise the temperature of 1 g of helium at NTP, from T1K to T:K is
3 3
@ $N:Ke (T~ T,) (b) = N.Ka (T, ~T,)
3 3 T
() ZNaKB (T2—Tl) (d) ZNaKB [T—j
Answer Key
1.(a) 2. (a) 3. (a) 4. (a)
5. (a) 6. (b) 7. (a) 8. (b)
9. (b) 10. (¢) 11. (d) 12. (¢)
13. (a) 14. (a) 15. (d) 16. (a)
17. (a)
Expert Test - 11

1.

2.

A vertical closed cylinder is separated into two parts by a frictionless piston of mass m and of negligible
thickness. The piston is free to move along the length of the cylinder. The length of the cylinder above the
piston is 1, and that below the piston is I, such that I; > I,. Each part of the cylinder contains n moles of an
ideal gas at equal temperature T. If the piston is stationary, its mass, m, will be given by: (R is universal gas
constant and g is the acceleration due to gravity)

3, 2, +1,
i o T

()ﬂ{i 1} ()ﬂ{_'z}
g L L g L Lk

For the P-V diagram given for an ideal gas,
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A 1
P B Constant
\.’
2
. >
Out of the following which one correctly represents the T-P diagram ?
Fy &~ 02
2
T
T
1 L] 1
@ P ) P
T T
© P @ P

. Initially a gas of diatomic molecules is contained in a cylinder of volume V; at a pressure P; and temperature
250 K. Assuming that 25% of the molecules get dissociated causing a change in number of moles. The pressure
of the resulting gas at temperature 2000 K, when contained in a volume 2V is given by P,. The ratio P2/P; is

. The change in the magnitude of the volume of an ideal gas when a small additional pressure AP is applied at a
constant temperature, is the same as the change when the temperature is reduced by a small quantity AT at
constant pressure. The initial temperature and pressure of the gas were 300 K and 2 atm. respectively. If

|AT|=C|AP], then value of C in (K/atm.) is

. Number of molecules in a volume of 4 cm? of a perfect monoatomic gas at some temperature T and at a pressure
of 2 cm of mercury is close to? (Given, mean kinetic energy of a molecule (at T) is 4 x 1074 erg, g = 980 cm/s?,
density of mercury = 13.6 g/cm?)

(@) 4.0 x 108 (b) 4.0 x 10'¢
(c) 5.8 x 10%® (d) 5.8 x 108

. For a given gas at 1 atm pressure, rms speed of the molecules is 200 m/s at 127°C. At 2 atm pressure and at

227°C, the rms speed of the molecules will be:

(a) 100 m/s (b) 80+/5 m/s

(¢) 1005 m/s (d) 80 m/s
. If 10?2 gas molecules each of mass 10-?¢ 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:
(a) 10* N/m? (b) 108 N/m?
(c) 10 N/m? (d) 106 N/m?
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8. The temperature, at which the root mean square velocity of hydrogen molecules equals their escape velocity
from the earth, is closest to :
[Boltzmann Constant kg = 1.38 x 1023 J/K
Avogadro Number Na = 6.02 x 10% /kg
Radius of Earth : 6.4 x 10 m
Gravitational acceleration on Earth = 10 ms—2]

(a) 800 K (b) 3 x 10°K
(c) 10°K (d) 650 K
9. A mixture of 2 moles of helium gas (atomic mass = 4u), and 1 mole of argon gas (atomic mass = 40u) is kept
: . _ _ Vs (helium) |
at 300 K in a container. The ratio of their rms speeds | ——— = | isclose to :
V.. (argon)
(a) 3.16 (b) 0.32
(c) 0.45 (d)2.24

10. N moles of a diatomic gas in a cylinder are at a temperature T. Heat is supplied to the cylinder such that the
temperature remains constant but n moles of the diatomic gas get converted into monoatomic gas. What is the
change in the total kinetic energy of the gas?

@) %nRT (b) 0

3 5
¢) —nRT d) —=nRT
()2 ()2

11. In an ideal gas at temperature T, the average force that a molecule applies on the walls of a closed container
depends on T as T9. A good estimate for q is:

1
(@) > (b) 2

©1 © 7

12. At room temperature a diatomic gas is found to have an r.m.s. speed of 1930 ms—. The gas is:
(@) H2 (b) Cl>
(c) O2 (d) F2

13. In the isothermal expansion of 10g of gas from volume V to 2V the work done by the gas is 575J. What is the
root mean square speed of the molecules of the gas at that temperature?

(a) 398m/s (b) 520m/s
(c) 499m/s (d) 532m/s

14. Nitrogen gas is at 300°C temperature. The temperature (in K) at which the rms speed of a H, molecule would
be equal to the rms speed of a nitrogen molecule, is . (Molar mass of N2 gas 28 g);

15. Molecules of an ideal gas are known to have three translational degrees of freedom and two rotational degrees
of freedom. The gas is maintained at a temperature of T. The total internal energy, U of a mole of this gas, and

C
the value of y(: C_pj are given, respectively, by:

v

(a)U:gRTand Y= (b) U=5RTand y =

glN oo
glo o~

(c)U:gRTand y = (dU=5RTand y =

16. In a dilute gas at pressure P and temperature T, the mean time between successive collisions of a molecule
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varies with T is:

1
@T (b) Nid
© = @ T
17. Match the C,/C, ratio for ideal gases with different type of molecules:

Column-I Column-II

Molecule Type Cp/Cv
(A) Monatomic (O 7/5
(B) Diatomic rigid molecules (1 or7
(C) Diatomic non-rigid molecules (1 4/3
(D) Triatomic rigid molecules (V) 5/3
@) (A)-(IV), (B)-(1), (C)-(1), (D)-(111) (b) (A)-(111), (B)-(1V),(C)-(1), (D)-(1)
(©) (A)-(IV), (B)-(1), (C)-(11), (D)-(111) (d) (A)-(1), (B)-(111), (C)-(1), (D)-(1V)

18. Consider a gas of triatomic molecules. The molecules are assumed to be triangular and made of massless rigid
rods whose vertices are occupied by atoms. The internal energy of a mole of the gas at temperature T is:

5 3
@ SRT (b) S RT
©) % RT (d) 3RT

19. To raise the temperature of a certain mass of gas by 50°C at a constant pressure, 160 calories of heat is required.
When the same mass of gas is cooled by 100°C at constant volume, 240 calories of heat is released. How many
degrees of freedom does each molecule of this gas have (assume gas to be ideal)?

@5 (b) 6
(c)3 (d)7

20. A gas mixture consists of 3 moles of oxygen and 5 moles of argon at temperature T. Assuming the gases to
be ideal and the oxygen bond to be rigid, the total internal energy (in units of RT) of the mixture is :
(@) 15 (b) 13
(c) 20 (d) 11

21. An ideal gas in a closed container is slowly heated. As its temperature increases, which of the following
statements are true?

(1) The mean free path of the molecules decreases
(2) The mean collision time between the molecules decreases
(3) The mean free path remains unchanged
(4) The mean collision time remains unchanged
(a) (2) and (3) (b) (1) and (2)
(c) (3) and (4) (d) (1) and (4)
22. Consider two ideal diatomic gases A and B at some temperature T. Molecules of the gas A are rigid, and have
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. I m .
a mass m. Molecules of the gas B have an additional vibrational mode, and have a mass Z . The ratio of the

specific heats (C,' and C.’) of gas A and B, respectively is:
@79 (b) 5:9
(c) 3:5 (d) 5:7

23. Two gases-argon (atomic radius 0.07 nm, atomic weight 40) and xenon (atomic radius 0.1 nm, atomic weight
140) have the same number density and are at the same temperature. The ratio of their respective mean free
times is closest to:
(a) 3.67 (b) 1.83
(c)2.3 (d) 4.67

24. 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)

N

@ Jr b)

1

© v - (@) z
25. 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/Cy value will be:
(a) 19/13 (b) 67/45
(c) 40/27 (d) 23/15

C C
26. Two moles of an ideal gas with a‘” :g are mixed with 3 moles of another ideal gas with —* = 4 . The value
\

C ) )
of =2 for the mixture is:
CV

(@) 1.45 (b) 1.50
(c) 1.47 (d) 1.42
27. Two moles of helium gas is mixed with three moles of hydrogen molecules (taken to be rigid). What is the
molar specific heat of mixture at constant volume? (R = 8.3 J/mol K)
(@) 19.7 J/mol L (b) 15.7 J/mol K
(c) 17.4J/mol K (d) 21.6 J/mol K
28. A diatomic gas with rigid molecules does 10 J of work when expanded at constant pressure. What would be
the heat energy absorbed by the gas, in this process ?
(@257 (b)35J
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(c) 30J (d) 40J

29. A 25 x 103 m3 volume cylinder is filled with 1 mol of O gas at room temperature (300 K). The molecular
diameter of O, and its root mean square speed, are found to be 0.3 nm and 200 m/s, respectively. What is the
average collision rate (per second) for an O, molecule?
(a) ~10%2 (b) ~10%
(c) ~10% (d) ~10%3

30. When heat Q is supplied to a diatomic gas of rigid molecules, at constant volume its temperature increases by
AT. The heat required to produce the same change in temperature, at a constant pressure is :

2 5
(@ 3Q () 3Q

7 3
©zQ (@) 5Q

31. The specific heats, C, and C, of a gas of diatomic molecules, A, are given (in units of Jmol k™) by 29 and
22, respectively. Another gas of diatomic molecules, B, has the corresponding values 30 and 21. If they are
treated as ideal gases, then:

(@) Ais rigid but B has a vibrational mode. (b) A has a vibrational mode but B has none.

(c) A has one vibrational mode and B has two. (d) Both A and B have a vibrational mode each.
32. An ideal gas occupies a volume of 2 m? at a pressure of 3 x 106 Pa. The energy of the gas:

(@) 9 x 106 (b) 6 x 10%J

(c) 1087 (d) 3 x 10?7

33. An ideal gas is enclosed in a cylinder at pressure of 2 atm and temperature, 300 K. The mean time between
two successive collisions is 6 x 108 s. If the pressure is doubled and temperature is increased to 500 K, the
mean time between two successive collisions will be close to:

(@2x107s (b)4 x10%8s
(c)0.5x10¢8s (d)3x10°s

34. A gas mixture consists of 3 moles of oxygen and 5 moles of argon at temperature T. Considering only
translational and rotational modes, the total internal energy of the system is :
(@) 15RT (b) 12 RT
(c) 4RT (d) 20 RT

35. Two kg of a monoatomic gas is at a pressure of 4 x 10* N/m2. The density of the gas is 8 kg/m3. What is the
order of energy of the gas due to its thermal motion?

(@) 10%J (b) 10°J
(c) 1043 (d) 108J

36. A 15 g mass of nitrogen gas is enclosed in a vessel at a temperature 27°C. Amount of heat transferred to the
gas, so that rms velocity of molecules is doubled, is about: [Take R = 8.3 J/K mole]
(@) 0.9 kJ (b) 6kJ
(c) 10kJ (d) 14 kJ

37. Two moles of an ideal monoatomic gas occupies a volume Vat 27°C. The gas expands adiabatically to a
volume 2 V. Calculate (1) the final temperature of the gas and (2) change in its internal energy.
(@ (1) 189 K (2) 2.7 kJ

(b) (1) 195K (2) ~2.7kJ
(©) (1) 189K (2) 2.7k
(d) (1) 195K (2) 2.7 kJ

38. Two moles of helium are mixed with n with moles of hydrogen. If % =g for the mixture, then the value of

nis

[Explore more at www.physicsfactor.com




Adaptive Problems Book in Physics (Vol. 15) Kinetic Theory of Gases

(@) 3/12 (b) 2
()1 (d)3
39. Cp and C, are specific heats at constant pressure and constant volume respectively. It is observed that
Cp— Cy = afor hydrogen gas
Cp — Cy = b for nitrogen gas
The correct relation between aand b is :
(@a=14b (b)a=28b

1 —_—
©) a=2b d)a=b

40. An ideal gas has molecules with 5 degrees of freedom. The ratio of specific heats at constant pressure (Cp)
and at constant volume (C.) is :

7
(a) 6 (b) 5

5 7
(c) > (d) G

41. 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 Vis given by PV" = constant, then n is given by
(Here Cp and Cv are molar specific heat at constant pressure and constant volume, respectively):

C,-C _C-C,
(a)n_C_CV (b)n_c_CP
Cs _C-G

(C) nza (d)n_C_CV

42. Using equipartition of energy, the specific heat (in J kg™ K1) of aluminium at room temperature can be
estimated to be (atomic weight of aluminium = 27)
(a) 410 (b) 25
(c) 1850 (d) 925

43. Modern vacuum pumps can evacuate a vessel down to a pressure of 4.0 x 1015 atm. at room temperature
(300K). Taking R =8.0 JK* mole?, 1 atm = 10° Pa and Navogadro = 6 X 102 mole, the mean distance between
molecules of gas in an evacuated vessel will be of the order of:
(@) 0.2 um (b) 0.2 mm
(c)0.2cm (d) 0.2 nm

44. Figure shows the variation in temperature (AT) with the amount of heat supplied (Q) in an isobaric process
corresponding to a monoatomic (M), diatomic (D) and a polyatomic (P) gas. The initial state of all the gases
are the same and the scales for the two axes coincide. Ignoring vibrational degrees of freedom, the lines a, b
and c respectively correspond to :

rF 3
a
Q b
c
AT i
@P,Mand D (b) M, D and P
(c)P,Dand M (dD,MandP

45. A closed vessel contains 0.1 mole of a monatomic ideal gas at 200 K. If 0.05 mole of the same gas at 400 K
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is added to it, the final equilibrium temperature (in K) of the gas in the vessel will be close to

Answer Key
1. (d) 2. (o) 3. (5) 4. (150)
5.(a) 6. (c) 7. (Bonus) 8. (¢)
9.(a) 10. (a) 11. (¢) 12. (a)
13. (c) 14. (41) 15. (¢) 16. (b)
17. (c) 18. (d) 19. (b) 20. (a)
21. (a) 22. (d) 23. (Bonus) 24. (¢)
25. (a) 26. (d) 27. (©) 28. (b)
29. (c) 30. (0 31. (b) 32. (a)
33.(b) 34. (a) 35. (0©) 36. ()
37.(c) 38. (b) 39. (a) 40. (d)
41. (d) 42. (d) 43. (b) 44.(b)
45. (266.67)

Pro Test - |

1. The temperature of an open room of volume 30m3increases from 17°C to 27°C due to sunshine. The
atmospheric pressure in the room remains 1x 10°Pa. If n; and ngare the number of molecules in the room

before and after heating, then n; — n; will be:

(@) 2.5 x 10%5 (b) -2.5 x 1025
(c) -1.61 x 10%3 (d) 1.38 x 1023
2. Two non-reactive monatomic ideal gases have their atomic masses in the ratio 2:3. The ratio of their partial
pressures, when enclosed in a vessel kept at a constant temperature, is 4:3. The ratio of their densities is
(@) 1:4 (b) 1:2 (c) 6:9 (d) 8:9
3. Areal 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
4. 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
(rms (helium)) is

rms (argon)
(@ 0.32 (b)0.45 (c)2.24 (d) 3.16
5. A container of fixed volume has a mixture of one mole of hydrogen and one mole of helium in equilibrium at
temperature T. Assuming the gases are ideal, the correct statement(s) is (are)
() The average energy per mole of the gas mixture is 2RT
(b) The ratio of speed of sound in the gas mixture to that in helium gas is \/6_/5
(c) The ratio of the rms speed of helium atoms to that of hydrogen molecules is %2
(d) The ratio of the speed of helium atoms to that of hydrogen molecules is 1/v/2
6. C, and C,, denote the molar specific heat capacities of a gas at constant volume and constant pressure,
respectively. Then
(@) Cp — Cy is larger for a diatomic ideal gas than for a monatomic ideal gas
(b) C, + C, is larger for a diatomic ideal gas than for a monatomic ideal gas
(c) C,/Cy is larger for a diatomic ideal gas than for a monatomic ideal gas
(d) Gy, . Cy, is larger for a diatomic ideal gas than for a monatomic ideal gas
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7. Statemet-1: The total translational kinetic energy of all the molecules of a given mass of an ideal gas is d1.5
times the product of its pressure and its volume. Because
Statement-2: The molecules of a gas collide with each other and the velocities of the molecules change due to
the collision.
(@) Statement-1 is True; Statement-2 is true;
Statement-2 is a correct explanation for Statement-1
(b) Statement-1 is True; Statement-2 is True;
Statement-2 is NOT a correct explanation for
Statement-1
(c) Statement-1 is True, Statement-2 is False
(d) Statement-2 is False, Statement-2 is True
8. Two moles of ideal helium gas are in a rubber balloon at 30°C. The balloon is fully expandable and can be
assumed to require no energy in its expansion. The temperature of the gas in the balloon is slowly changed to
35°C. The amount of heat required in raising the temperature is nearly (take R=8.31 j/mol.K)

(@) 62 J (b) 104 (c) 1241 (d) 208 J
9. An ideal gas is expanding such that PT2 = constant. The coefficient of volume expansion of the gas is —
(@ 1T (b) 2T (c) 3IT (d)4/T

10. One mole of a monatomic ideal gas undergoes an adiabatic expansion in which its volume becomes eight
times its initial value. If the initial temperature of the gas is 100 K and the universal gas constant R =8.0 J
mol~1K~1 , the decrease in its internal energy, in Joule, is

11. The figure below shows the variation of specific heat capacity (C) of a solid as a function of temperature
(T). The temperature is increased continuously from 0 to 500 K at a constant rate. Ignoring any volume

change, the following statement(s) is (are) correct to a reasonable approximation.
A

>
L

l(l)O 2(=)0 3(=)0 4(;0 500
(@) The rate at which heat is absorbed in the range 0-100 K varies linearly with temperature T.
(b) Heat absorbed in increasing the temperature from 0-100 K is less than the heat required for increasing
the temperature from 400-500 K.
(c) There is no change in the rate of heat absorption in the range 400-500 K.
(d) The rate of heat absorption increases in the range 200-300 K.
Passage-1
In the figure, a container is shown to have a movable (without friction) piston on top. The container and the
piston are all made of perfectly insulated material allowing no heat transfer between outside and inside the
container. The container is divided into two compartments by a rigid partition made of a thermally
conducting material that allows slow transfer of heat. The lower compartment of the container is filled with
2 moles of an ideal monatomic gas at 700K and the upper compartment is filled with 2 moles of an ideal

. . . . . 3 5
diatomic gas at 400K. The heat capacities per mole of an ideal monatomic gas are C,, = ER'CP = ER’ and

those for an ideal diatomic gas are C,, :gR,CP :%R.
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12. Consider the partition to be rigidly fixed so that it does not move. When equilibrium is achieved, the final
temperature of the gases will be
(@) 550 K (b) 525 K
(c) 513K (d) 490 K

13. Now consider the partition to be free to move without friction so that the pressure of gases in both
compartments is the same. The total work done by the gases till the time they achieve equilibrium will be
(@ 250 R (b) 200 R
(c) 100R (d)-100R

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

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

Answer Key
1. (b) 2. (d) 3. (d) 4. (d)
5. (ab,d) 6. (b,d) 7. (b) 8. (d)
9. (c) 10. (900J) 11. (b,c,d) 12. (d)
13. (d) 14. P,=792mm Hg .. total pressure in the jar =792 + 25 =817mm Hg

15. From, PV =nRT, When P, T are same n o« V as volumes are same i.e., 1c.c of each hydrogen and
oxygen, so both samples will have equal number of molecules.
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Solutions: Beginner Test - |

At low pressure and high temperature, real gases
behave as an ideal gas.

Gas A is ideal because PV is constant for gas A
so, gas A obeys Boyle's law for all values of

pressure.

Keeping p constant, we have

v, = VT, 100 x 600
T, 300
=200 cc

Due to the presence of friction between the road
and tyres, the tyres get heated as a result of which
temperature of air inside the tyre increases and
hence pressure in tyre also increases.

Y _\/(9x106)2+(1x106)2
Vrms - 2 - 2

(81+1)x10%
2

41 x 108 ms?

If a gas is heated, then the root mean square
velocity of its molecules is increased.

Vrrns oc \/-F

= The temperature of the gas increases.

Given, V =25.0m? T =273 +27 =300 K
ks =1.38 x 102 JK?
Now, pV = uRT
V = u(Nake)T
pV = N'ksT
[N" is total number of molecules]
pv
kgT

NI

B (1.01><105)><25
B (1.38x107)x 300
=6.10 x 10%

Kinetic Theory of Gases

(i) The average Kinetic energy per molecule of any

gas is gkst. It depends only on temperature and

not on the nature of the gas. As both argon and

chlorine have the same temperature in the flask,

the ratio of average KE per molecule of the two

gases is 1:1.

(i) If m is mass of single molecule and M is the

molecular mass, then

lm Vi = _3 k gl

2

= constant at a given temperature
(Vi ), (M) Mg 709

= 2 = = =1.777
(mes )c|2 (m)Ar M Ar 39.9
(Vrms )Ar

Vims )cl2

=+/1.777 =1.333

or

)

As three vessels are identical i.e. they have same

volume. Now at constant pressure, temperature

and volume, the three vessels will contain equal

number of molecules (by Avogadro's law) and is

equal to Avogadro's number, Na = 6.023 x 10%.
_ 3k T v Oci

rms m rms \/a

where, m is mass of single gas molecule as neon

has the smallest mass, so rms speed will be

greatest in case of neon.

\'

10.

Let C and C' be the rms velocity of argon and a
helium gas atom at temperatures T in K and T' in
K, respectively.

Here, M =399 M
T'=-20+273=253K

_ [BRT _ [3RT
M \39.9

,\/3RT’ \/3sz53
and v'= =

=40, T=7,

Now,

M !

Since, v = v’, therefore \/3RT = RXZSB

39.9x 253

or T= =2523.7K
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11.

12.

13.

As force of attraction between molecules
disappears, then molecules will hit the wall with
more speeds, hence, rate of change of momentum
will increase.

As we know F =£,
At
where F is average force on the wall due to
molecules.
Ap is change in momentum and At is the time

duration. Due to increase in Ap, force F will also
. Foo.. .
increase, hence pressure, p = X will increase.

Here, A is area of one wall.

(i) Given, T =27°C = (273.15 + 27)= 300.15 K
Average thermal energy, E = ngT

(where, ks = Boltzmann constant
=138 x 10-2JK?)

= g x 1.38 x 102 x 300.15 =6.21 x 102t

(i) At the temperature, T = 6000 K
(Surface of the sun)

Average thermal energy, E = ngT

g x 1.38 x 102 x 6000 = 1.241 x 1029 J

(iii) At temperature, T =10’ K
Average thermal energy,
E= ngT = g x 1.38 x 1022 x 107

=2.07 x 10716

(i) The moon has small gravitational force and
hence the escape velocity is small. As the moon
is in the proximity of the earth as seen from the
sun, the moon has the same amount of heat per
unit area as that of the earth. The air molecules
have large range of speeds.

Even though the rms speed of the air molecules
is smaller than escape velocity on the moon, a
significant number of molecules have speed
greater than escape velocity and they escape.
Now, rest of the molecules arrange the speed
distribution for the equilibrium temperature.
Again, a significant number of molecules escape

Kinetic Theory of Gases

as their speeds exceed escape speed. Hence, over
a long time the moon has lost most of its
atmosphere.

(ii) As the molecules move higher, their potential
energy increases and hence Kinetic energy
decreases and hence temperature reduces.

At greater height, more volume is available and
gas expands and hence some cooling takes place.

Given, Vi=2.0L, Vo =3.0 L, . = 4.0 moles,
= 5.0 moles

p1 = 1.00 atm, p, = 2.00 atm

p1V1 = wRT1, p2V2 = WRT:
M=+ 2, V=Vi+V,

For 1 mole, pV :%E
2

For p1 mole, pV, = g,ulE1
2

For u2 mole, p,V, =§/12E2

. 3
Total energy is (ME1 + 1, Ez) = E( PV, + szz)

2 2
pV = g Etotal = EIUEper mole
2 3
p(V,+V,) ZEX E( PV, + p,V,)
— plvl + p2V2
vV, +V,

(1.00x2.0+2.00x3.0
2.0+3.0

. ()

:% = 1.60 atm

According to the law of atmospheres,
mg

n, = nlexp.{—kB—_l_(h2 — hl)} ()
where, n, and n; refer to number density of
particles at heights h, and h; respectively.

If we consider the sedimentation equilibrium of
suspended particles in a liquid, then in place of
mg, we will have to take effective weight of the
suspended particles.

Let, V = average volume of a suspended particle,
p = density of suspended particle, p' = density of
liquid, m = mass of one suspended particle, m' =
mass of equal volume of liquid displaced.
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16.

17.

According to Archimedes' principle, effective
weight of one suspended particle

= Actual weight — weight of liquid displaced
=mg-m'g

, m) '
=mg -V p'g ng—[—]pg =mg(1—ﬂ]
P P

Also, Boltzmann constant, k, = —
A

Where, R is gas constant and Na is Avogadro’s
number.

’

Putting, mg [1—3] in place of mg and value of
P

ks in Eq. (i), we get

mgN ' L
n,=n exp{—%(l—%j(hz - hl)} , which is
required relation.

(i) Average speed

_ NV, NV, + NV, NV, + NGV
- n+n,+Nn,+n,+ng

_ 2x1+4x2+8x3+6x4+3x5
- 2+4+8+6+3
=3.17m/s

(ii) Root mean square speed

2 2 2 2 2
_ \/nlvl + NV, +N,V; +N,V; -+ NgVg
N +n,+n,+n, +ng

_szf +4%2% +8x3 +6x4% +3x57

N 2+4+8+6+3

=3.36 m/s

(iii) The most probable speed is that speed which
is possessed by maximum number of molecules.
Most probable speed

(Vmp)z\/ZI;:T z\/3kBTX2/3

m

\F e f
Vip =4/ 5 X = 4% Vims
" \3 m 3
:\/§x3.36 m/s

3

=0.816 x 3.36 m/s =2.74 m/s

This problem is designed to give an idea about
cooling by evaporation

10x(200)° + 20 (400)*
[+4o x(600)° +20x(800)” +10x (1000)*
) 100
B 10x100° x(1x4+2><16+4><36+ 2><64+1><100)

100
= 1000 x (4 + 32 + 144 + 128 + 100)
= 408 x 1000 m?/s?

Vrms = 639 m/s
1 mv2 = 3 KT
2 2
T — l mVI’ZmS
3 k

21 y 3.0x107% x4.08x10°
3 1.38x107%
=2.96 x 102 = 296 K
10 (200)° +20x (400)°

+40x(600)” + 20 x (800)’
20

_10><1002 ><(1><4+2x16+4x36+2><64)

B 20

(i) Vi =

V2 21000x%

rms

Vzrms = 342 x 1000 m?/s?
Vrms = 584 m/s

2
To1Mme _opg
3 k
18.
Three, because bee is free to move along x-
direction or y-direction or z-direction.
19.
Yes, the molar specific heat of a solid is a
constant quantity as its value is 3R J/mol K
20.
Brownian motion and diffusion of gases provide
experimental evidence in support of random
motion of gas molecules.

21.
The mean free path is inversely proportional to
the number density of the gas.
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22.

23.

24,

25.

26.

27.

Degree of freedom, f = 3N — K.

For monoatomic gas, temperature rise will be
greater because monoatomic gas possesses only
translational degree of freedom whereas diatomic
gas translation, rotation and vibrational (at higher
temperature), os temperature rise for diatomic
gases is lower.

Number of nitrogen molecules in 22400 cm3 of
gas at NTP =6.023 x 10%

=~ Number of molecules in 15 cm? of gas at NTP
3 6.023x10% x15

22400

=4.03 x 1020

Number of degrees of freedom of nitrogen
(diatomic) molecule at 273 K =5

= Total degrees of freedom of 15 cm? of gas
=4.03 x 10?° x 5=2.015 x 10%*

Oxygen is a diatomic gas.
Number of moles of O, gas
Atomic wt. 8

=  ———2N
Molecular wt. 32
_i 0.25
4
=~ Energy associated with 1 mole of oxygen
U =2RT
2

=~ Internal energy of 8g of oxygen = 0.25 x g RT

= 0.25><g>< 8.31x273=14179 J

The law of equipartition of energy for any
dynamical system in thermal equilibrium, the
total energy is distributed equally amongst all the
degrees of freedom.

The energy associated with each molecule per

degree of freedom is % ksT, where kg is

Boltzmann's constant and T is temperature of the
system.

Given. T =27°C =273 + 27 =300 K,
P=1atm=1.01 x 105 N/m?

28.

29.

30.

Kinetic Theory of Gases

d=2x2x10"m=4x%x10"Ym

*» Mean free path, A = KgT INGY: d?p

B 1.38x107% x 300

B _10\? 5
1.414><3.14(4><10 )1.013><10

=575%x10%m

As we know that, V, = /%

Thus, Vims/ Ar = Vims/He
TAr _ THe
M Ar M He
Tar=?The=273-10=263 K
MAr = 399 U, MHe = 4 u

Thus, T _ 263
399 4
T, = 263x399 _ 562343k
At STP, 1 mole of gas occupy 22.4 L of volume.
~ Moles of helium in container, y:ﬁ =
22.4
moles
3

Now, helium is monoatomic, so, Cv = E R

Change in temperature,

AT =T,-T1=15°C

~ Volume of gas remain constant

~ AW =pAV =0 = AQ = AU + AW
Amount of heat required, AQ = AU = uCvAT
=2 X ng15=45R

=45x831=3741

. . 5
For a monoatomic gas, i.e. y = g

R
G, =5

5
C, = ->R
T4 2
5

By conservation of energy,
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:Mcvl "',uzc\/2
ot 1,
2><§R+3><§R
-2 2

B 2+3
_3R+75R

5
=21R

C,

mixture

Given, volume of the box, V = 1.00 m3
Area, a=0.010 mm?2 = 108 m?

N, gas
p=1.5atm ) Hole
7'=300K
P =1 atm

outside

Temperature outside = Temperature inside
Initial pressure inside the box = 1.50 atm.

Final pressure inside the box = 0.10 atm.
Assuming,

Vix = Speed of nitrogen molecule inside the box
along x-direction.

n: = Number of molecules per unit volume in a
time interval of At, all the particles at a distance
(vix At) will collide the hole and the wall, the
particle colliding along the hole will escape out
reducing the pressure in the box.

Let area of the wall is A, number of particles
colliding in time, At

:%n:l (v, At) A

% is the factor because all the particles along x-
direction are behaving randomly. Hence, half of
these are colliding against the walls on either

side.

2
rms

Inside the box, V2 +VZ +V2 =V

Vix = [ Vix = Viy = Viz]

If particles collide along hole, they move out.
Similarly, outer particles colliding along hole
will move in. If a = area of hole
Then, net particle flow in time,

1 kT
At:E(nl—nz) an

m

[Temperature inside and outside the box are
equal]
Let n = number of densities of nitrogen
_#uN, _ PN, LH_ P

Vv RT V RT
Where, Na = Avogadro’s number
If after time At, pressure inside changes from p to
o)

oy = PN

RT

Now, number of molecules gone out= nV —nV

1 [T

:E(nl—nz) BWAta
plNA pl'NA 1 NA kBT

S SN VA o 8 VA S —/—Ata
RT RT 2('Ol pZ)RT m

At:z[pl_le\i m
pl_pZ a VkBT

Putting the values from the data given,
_ -27
At=2(1'5 1.4) 1x1.00 J 46.7x10

Ata

1.5-1.0 )0.01x10°° \1.38x10* x 300

=§><3.358><105

zwxl(f

=1.343 x 10°s
32.
(i) Refer to text on pages 531 and 532.

(if) For monoatomic gas, Cv = gR

For diatomic gas, C, :gR

Let, u and u' be moles of mono and diatomic

gases then, Cy (mixture) = M
o+
1><§R +1ng
__2 2 _op
& 1+1

y(mixture) = 1+

V (mixture)

Explore more at www.physicsfactor.com


http://www.physicsfactor.com/

Adaptive Problems Book in Physics (Vol. 15)

_1+ R =15
2R

Solutions: Beginner Test - 11

Diameter of an oxygen molecule, d = 3A

Radius, r= 2 =2=15A=15x10%cm
Actual volume occupied by 1 mole of oxygen
gas at STP = 22400 cm3

Molecular volume of oxygen gas,
V—4 3.N
= 37Tr .

Where, N is Avogadro’s number = 6.023 x
10 23molecules/mole

4
#V =5 %314% (L5 x 107 x 6023

x 1023 = 8.51cm?

Ratio of the molecular volume to the actual
8.51
22400

volume of oxygen
=3.8x107*

The ideal gas equation relating pressure (P),
volume (V), and absolute temperature (T) is
given as:
PV =nRT
Where,
R is the universal gas constant = 8.314 J mol ™!
K—l
n = Number of moles = 1
T = Standard temperature = 273 K
P = Standard pressure = 1 atm = 1.013 x 10°
Nm =2
nRT
V=—
p
_ 1x8314 x273

1.013 x 10°
=0.0224 m3

=22.4 liters.
Hence, the molar volume of a gas at STP is 22.4
liters.

The dotted plot in the graph signifies the ideal
behavior of the gas, i.e., the ratio PT—V is equal. uR

(n is the number of moles and R is the universal
gas constant) is a constant quality. It is not
dependent on the pressure of the gas.

Kinetic Theory of Gases

The dotted plot in the given graph represents an
ideal gas. The curve of the gas at temperature T;
is closer to the dotted plot than the curve of the
gas at temperature T,. A real gas approaches the
behaviour of an ideal gas when its temperature
increases. Therefore, T; > T, is true for the given
plot.

The value of the ratio PV/T, where the two
curves meet, is pR. This is because the ideal gas
equation is given as:

PV = uRT
PV R
T u
Where,

P is the pressure

T is the temperature V

is the volume p is the

number of moles

R is the universal constant
Molecular mass of oxygen =32.0 g
Mass of oxygen=1x10"3kg=1¢g
R=8314Jmol ' Kt

P 1 8314
S — = — X 0.

T ~ 32
= 0.26/K!

Therefore, the value of the ratio PV/T, where the
curves meet on the y-axis, is

0.26 JK~1.

If we obtain similar plots for 1.00 x 1073 kg of
hydrogen, then we will not get the same value of
PV/T at the point where the curves meet the y-
axis. This is because the molecular mass of
hydrogen (2.02 u) is different from that of
oxygen (32.0 u).

We have:
by =0.26/K1
T 26]

R=8.314Jmol t K1
Molecular mass (M) of H, =2.02u

% = UR at constant temperature
m

Where, u = u

m = Mass of H,

) _ PV M

TMETXR

0.26 x 2.02
~ 7 831
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=6.3x 1072 g=6.3 x 107°kg
Hence, 6.3 x 10~5kg of H2 will yield the same
value of PV/T.

Volume of oxygen, V; = 30 litres = 30 x 10~3m3
Gauge pressure, P; = 15atm =15 x 1.013 x
10°Pa

Temperature, T; = 27°C =300 K

Universal gas constant, R = 8.314 Jmol™! K1
Let the initial number of moles of oxygen gas in
the cylinder be n;.

The gas equation is given as:

P1V1 = anTl
R 141
MR

15.195 x 10° x 30 x 1073
(8.314) x 300
= 18.276

my
But,n, = ﬁWhere, my =

Initial mass of oxygen
M = Molecular mass of oxygen = 32 g--
my; =n;M =18.276 x 32 =584.84 g
After some oxygen is withdrawn from the
cylinder, the pressure and temperature reduce
Volume, V, =30 litres = 30 x 1073 m3
Gauge pressure, P, =11 atm =11 x 1.013 x 10°
Pa
Temperature, T,=17°C =290 K
Let n, be the number of moles of oxygen left in
the cylinder.
The gas equation is given as:
P,V, = n,RT,
PV,
~ RT,
11.143 x 105 x 30 x 1073
N 8.314 x 290

nZ

= 13.86
But,n,

m
= WZWhere, m, is the mass of oxygen

remaining in the cylinder m, = n;M = 13.86 x
32

=453.1¢

The mass of oxygen taken out of the cylinder is
given by the relation:

Kinetic Theory of Gases

Initial mass of oxygen in the cylinder — Final
mass of oxygen in the cylinder

=my —m,

=584.849-453.1¢

=131.74¢

=0.131 kg

Therefore, 0.131 kg of oxygen is taken out of the
cylinder.

Volume of the air bubble, V; =1.0 cm3 = 1.0 x

107% m3
Bubble rises to height,d =40 m
Temperature at a depth of 40 m, T; = 12°C =285
K
Temperature at the surface of the lake, T, = 35°C
=308 K
The pressure on the surface of the lake:
P, =1atm=1x1.013 x 10° Pa
The pressure at the depth of 40 m:
P; =1 atm + dpg Where, p is the density of
water = 103 kg/10° g is the acceleration due
to gravity = 9.8 m/s?
~ P; =1.013 x 105+ 40 x 103 x 9.8 = 493300 Pa
PV, PV,

T, T,
Where, V, is the volume of the air bubble when it
reaches the surface

_ PV,

‘T TP
_ (493300)(1.0 x 107%)308
~ 285x1.013 x 105
=5.263 X 10~°m3or 5.263 cm?
Therefore, when the air bubble reaches the

surface, its volume becomes 5.263 cm?

We have:

Volume of the room, V = 25.0 m3

temperature of the room, T =27°C =300 K
Pressure in the room, P =1 atm =1 x 1.013 x
10° Pa

The ideal gas equation relating pressure (P),
Volume (V), and absolute temperature (T) can be
written as:

PV = kegNT

Where ,

kg is Boltzmann constant = 1.38 x 10723 m? kg
sT2 K1

N is the number of air molecules in the room
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N PV
"~ kgT
1.013 x 105 x 25

~1.38x 1023 x 300
= 6.11 X 102%° molecules
Therefore, the total number of air molecules in

the given room is 6.11 x 10%°molecules.

(i) At room temperature, T = 27°C = 300 K
Average thermal energy =§kT

Where k is Boltzmann constant = 1.38 x 10723
m? kg s 2K~?!

3 3
EkT =3 x 1.38 x 10738 x 300

=6.21 x 1072y

Hence, the average thermal energy of a helium
atom at room temperature (27°C) is 6.21 x 10721
J.

(ii) On the surface of the sun, T = 6000 K

Average thermal energyzng

3
=3 x 1.38 x 10738 x 6000

=1.241 x 10719

Hence, the average thermal energy of a helium
atom on the surface of the sun is 1.241 x 10~1°
J.

(iii) At temperature, T =107 K

Average thermal energyz%kT

3
=3 x 1.38 x 10723 x 107

= 2.07 x 1071¢J
Hence, the average thermal energy of a helium
atom at the core of a star is 2.07 x 10716 J.

Yes. All contain the same number of the
respective molecules.

No. The root mean square speed of neon is the
largest.

Since the three vessels have the same capacity,
they have the same volume

Hence, each gas has the same pressure, volume,
and temperature.

According to Avogadro’s law, the three vessels
will contain an equal number of the respective
molecules. This number is equal to Avogadro’s
number, N = 6.023 x 1023 .

Kinetic Theory of Gases

The root mean square speed (v;-,,s) of a gas of
mass m, and temperature T, is given by the
relation:

3kT
Urms = 7

Where, k is Boltzmann constant
For the given gases, k and T are constants
Hence v,.,,; depends only on the mass of the
atoms, i.e.,

1

Vyms X a

Therefore, the root mean square speed of the
molecules in the three cases is not the same.
Among neon, chlorine, and uranium
hexafluoride, the mass of neon is the smallest.
Hence, neon has the largest root mean square
speed among the given gases.

Temperature of the helium atom, Ty, = -20°C=

253 K

Atomic mass of argon, My, =39.9 u
Atomic mass of helium, My, =4.0u

Let, (v,-ms)Ar be the rms speed of argon.
Let (v,-,s)He be the rms speed of helium.
The rms speed of argon is given by:

3RT, )
(Vrms)ar = MArr . (D)

Where,

R is the universal gas constant

T,, is temperature of argon gas The rms speed of
helium is given by:

3RTH€ ;s
(Vrms)ur = My, (i)

It is given that: (v,,,s)Ar = (vims)He

3RTs;  |3RTy,
MAr MHe
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=2523.675 =252 x 103 K

Therefore, the temperature of the argon atom is
2.52 x 103 K.

10.

Pressure inside the cylinder containing nitrogen,
P =2.0atm =2.026 x 10°Pa

Temperature inside the cylinder, T = 17°C =290
K

Radius of a nitrogen molecule, r=1.0 A =1 x
1071 m

Diameter,d=2x1x 10 "1°=2x 1071m
Molecular mass of nitrogen, M =28.0 g = 28 x
1073 kg

The root mean square speed of nitrogen is given
by the relation:

3RT

Vrms M

Where,
R is the universal gas constant = 8.314 J
mole™t K1

3 x 8314 x 290
Vs = = 508.26 m/s

28 x 1073
The mean free path (1) is given by the relation:
- kT
CV2ZXmxd?XP

Where, k is the Boltzmann constant = 1.38 x
10723 kgm? s~2k~1

ol

B 1.38 x 10723 x 290

T V2 x3.14 % (2 x 10719)2 x 2,026 x 105
=1.11x10"" m
— Urms

l

Collision frequency

_ 508.26 458 x 1051
TT011x 107 © s
Collision time is given as:
d
T =
vaS
2x 10770 3.93 x 10713
= ———= . X
508.26 s
Time taken between successive collisions:
l
T' =
Urms
L11X1077m o oo
=———=218x
508.26m/s s

11.

12.

Kinetic Theory of Gases

T’ 218 x1071°

T T393x10°13
Hence, the time taken between successive

collisions is 500 times the time taken for a
collision.

500

Length of the narrow bore, L =1 m =100 cm
Length of the mercury thread, | = 76 cm
Length of the air column between mercury and
the closed end, [, =15cm
Since the bore is held vertically in air with the
open end at the bottom, the mercury length that
occupies the air space is: 100 — (76 + 15) =9 cm
Hence, the total length of the air column =15 +
9=24cm
Let h cm of mercury flow out as a result of
atmospheric pressure.
~Length of the air column in the bore =24 + h
cm
And, length of the mercury column =76 —h cm
Initial pressure, P; = 76 cm of mercury
Initial volume, V; = 15 cm3
Final pressure, P, =76 — (76 — h) = h cm of
mercury
Final volume, V, = (24 + h) m3
PV, =PV,
76 x 15=h (24 + h)
h? +24h—-1140=0

, _ —24 +(24)2 + 4 x 1 x 1140

2x%x1
=23.8cmor47.8cm

Height cannot be negative. Hence, 23.8 cm of
mercury will flow out from the bore and 52.2

cm of mercury will remain in it. The length of
the air column will be 24 + 23.8 = 47.8 cm.

Rate of diffusion of hydrogen, R1 = 28.7
cm3s1
Rate of diffusion of another gas, R2 = 7.2
cm3s™1

According to Graham’s Law of diffusion, we
have:

Ry M,

Ry M

Where,

M, is the molecular mass of hydrogen =2.020 g
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M, is the molecular mass of the unknown gas

R\*
o M2 = M1 (—)

2

—202(28'> =32.09
T eve\7y) T8

32 g is the molecular mass of oxygen. Hence,
the unknown gas is oxygen.

13.
According to the law of atmospheres, we have:

n, =ny exp [-mg (h2-h1)/ keT] ... (i)
Where, n, is the number density at height h,
and n, is the number density at
height h, mg is the weight of the particle
suspended in the gas column
Density of the medium = p'
Density of the suspended particle = p
Mass of one suspended particle = m'
Mass of the medium displaced = m
Volume of a suspended particle =V
According to Archimedes’ principle for a
particle suspended in a liquid column, the
effective weight of the suspended particle is
given as:
Weight of the medium displaced — Weight of
the suspended particle
=mg—m'g

m
=mg—Vp'g=mg - (—) p'g

P
=mg (1 - %) .. (i)

Gas constant, R = kgN
o = R (i)
B =y 1ii
Substituting equation (ii) in place of mg in

equation (i) and then using equation (iii),
we get: n, = niexp [-mg (hy —h,)/ ks T]

!

N
= n,exp [-myg (1 - %) (hy — hy) ﬁ]

= myexp [~mg(p ~ p')hy — hy) ]
RTp
14.
Sub Radius (A)
Carbon (diamond) 1.29
Gold 1.59
Nitrogen (liquid) 1.77
Lithium 1.73
Fluorine (liquid) 1.88

Atomic mass of a substance = M

Kinetic Theory of Gases

Density of the substance = p
Avogadro’s number = N = 6.023 x 1023

4
Volume of each atom = nrs

Volume of N number of

4 .
molecules=2 mr3....... (i)
M ..
Volume of one mole of a substance SRR (ii)
4 sy M
3

_ 3| 3M
"= 4mpN

For carbon: M =
12.01 x 10 ~3kg, p=

2.22x103 kgm™3
1
~ < 3x12.01 x 1073 )5

41 X 2.22 x 103 X 6.023 x 1023
=1294
Hence, the radius of a carbon atom is 1.29 A.
For gold: M = 197.00x 10 ~3 kg
p=19.32x103 kgm™3

1
~ < 3 x 197 x 1073 )?

4 X 19.32 X 103 x 6.023 x 1023
=159 4
Hence, the radius of a gold atom is 1.59 A.
For liquid nitrogen:
M =14.01 x 10 ~3 kg
p=1.00x103kgm™3

3% 14.01 x 1073 3
- <4n x 1.00 X 103 X 6.23 X 1023)
=1.774
Hence, the radius of a liquid nitrogen atom is
1.77 A
For lithium:
M=6.94x10"3 kgp
=0.53x103kgm™3

41 X 0.53 X 103 x 6.23 x 1023
=1.734
Hence, the radius of a lithium atom is 1.73 A.
For liquid fluorine:
M =19.00 x 10 ~3 kg
p=1.14x103kgm™3

1
_ < 3% 6.94 x 1073 )5
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W[ =

3 3x19x 1073
" T\ 4 x 1.14 x 103 X 6.023 x 1023
=1.884

Hence, the radius of a liquid fluorine atom is
1.88 A

Solutions: Expert Test - |

1.
(@) The mean free path | for a gas molecule is given
as
-t .l
J27nd? d?
where, d = diameter of molecule of gas.
2.

(a) Ideal gas equation is given as

M
pszT = p-—2=RT
M, P
pV =RT
where, Vzﬂ
Yo,

Hence, p and My are mass density and mass of gas,
respectively.
3.
(@) The mean free path A for a gas, with molecular
diameter and number density n is given by the
relation

1

A= J2nzd?
Hence, correct option is (a).
4.
(@) Given,

pressure p = 249 kPa = 249 x 10° Pa
Temperature, T = 27°C

=273 +27 K=300K
Density, p=?
As, from ideal gas equation,

pV =nRT

m
V =—RT
P M

pVM = mRT

M=TRTZoRT  |asT=p

_ pM
P=RT

Kinetic Theory of Gases

_ 249x10°x2x10°°

8.3x300

[ for hydrogen gas, M = 2g =2 x 102 kg]
p = 0.2kg/m?3

Hence, correct option is (a).

5.
(a) As the temperature of gas in the container is
increased, the kinetic energy also increases. This is
because the average kinetic energy of a gas is given
by

KEzgnRT .. (i)
where, f = degree of freedom,
n = number of moles of gas molecules,
R = universal gas constant, and
T = absolute temperature of the gas.
From Eq. (i),

KE x T
option (b) is incorrect as increase in temperature
will lead to increase in pressure as p o« T. Other
options (c) and (d) are also incorrect as molecular
distance increases while mass remains the same for
increase in the temperature.
6.
(b) Key Concept The minimum velocity with
which the body must be projected vertically
upwards, so that it could escape from the Earth's
atmosphere, is its escape velocity (Ve).

AsS, A =./20R

Substituting the value of g (9.8 ms2) and radius of
Earth (R = 6.4 x 10 m), we get

v, =v/2x9.8x6.4x10°
=~112kmst=11200 ms*
Let the temperature of molecule be T when it
attains ve.
According to the question,
Vims = Ve

where, Vims is the rms speed of the oxygen
molecule.

3k, T

mO

=11.2x10°

(11.2x10°)" (m,, )

(3Ks)
Substituting the given values, i.e.,

or T=
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Rg =1.38 x 102 JK! and

m, =m=2.76 X 10 % kg
We get,

(11.2x10°)" (2.76x107)
(3x1.38x107)

=8.3626 x 10* K
7.
(@) Itis given that
Vims =200 ms?1,T; =300 K, Py =10° N/m?

T> =400 K, P2 =0.05 x 10° N/m?
As, rms velocity of gas molecules,

Vims \/-F [ Vims = \’ﬁ]
m

For two different cases

Mz L
(Vims ),
200 300
400
400
(v,ms)2 \@ 2oo_f ms
8.
(b) As we know that

Pressure, p——. My
3V
' m = mass of the gas, V = volume of the gas

LU = density of the gas. Thus,

1 3RT pRT
p :_ p ms — 5 P
3 M, M,
/BRT
Vrms -
_ pM, _ pmN ,
RT  kN,T
[ R = Nak and Mg = mNa]
_ pm
LT
9.
(b) As we know that
Co—Cy=R
Ch=R+C,
C
and L= iven
c =7 (given)

Kinetic Theory of Gases
So, R+C =y=yC,=R+C
C,
7C,-C, =R
c_ R
-1
10.

(c) According to question,

Slope of the graph «

Pressure p
SO, p2<p1
11.
(d) According to question,
pox T3 .. ()
p = pressure
(T :temperature)
and we know that
pV =nRT and pV « T ... (i)
So, putting Eq. (ii) in (i),
p o (pV)*
p?V?2 = constant
pV?¥2 = constant ... (iii)

Comparing Eq. (iii) with
pv’ =constant

We have y = 3/2.

12.

(c) We know that, the rms speed of the gas
molecules,

=+3RT/M

Here, T is the temperature of the gas,
R is the universal gas constant,
M is the molar mass of the gas.
Pressure exerted by an ideal gas,
_ 1 52

pP= gnmv
Here, n is the number of moles,
m is the mass of the gas,

v is the average speed of the gas molecules.

The average kinetic energy of a molecule,
KE,, = ngT

Here, kg is the Boltzmann constant,

T is the temperature of the gas.

For diatomic gas, degree of freedom,

f=5
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As, total internal energy of 1 mole of diatomic gas,
AU = MRT
2

1(5)RT 5RT

AU = =AU =——
2

The correct match is A—2, B—1, C—4 and D—3.
13.

(a) The average thermal energy of a system with
degree of freedom f is equals to its average energy,
which is given as

LT
For monoatomic gas, f=3

-~ Average thermal energy = ng T

Hence, correct option is (a).

14.
(a) The Poisson’s ratio,
y= & ... (D)
C

where, C, =molar heat capacity constant pressure
and C, = molar heat capacity at constant volume
Also, C, = Cy + R (from Mayer's relation)

Cy= %R (where, f = degree of freedom)

C,= (% +1j R
So, Eq. (i) becomes,

2
=1+—
A

For hydrogen gas, which is diatomic, the degree of
freedom is 5 (3 translational, 2 rotational).
=1+—-=—
Y= s T
For helium gas, which is monoatomic, the degree of
freedom is 3(3 translational only).

The diatomic gas X also have vibrational motion, so
degree of freedom is 7(3 translational, 2 rotational
and 2 vibrational).
=l+=-==
4 7 7
15.
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(d) Total internal energy of system = Internal
energy of oxygen molecules + Internal energy of
argon molecules
DR+ fon,RT = 25 2RT + 3xarT

2 2 2 2
=11RT
16.
(a) As we know that for polytropic process of index
a specific heat capacity

=C, +l
l-«a
~* Process, pV® = constant = a = 3
coc 4R R, R
l-aa 2 1-3
where, C, _R_3R
2 2

For monatomic gas, f :3:37R

17.
(a) We know that, Q = % NRAT

~ Amount of heat required,
3 1
=—x—xK_,N_AT
Q 5% KeNa

3
:gNaKB (Tz _Tl)

Solutions: Expert Test - 11

1.
(d) Clearly from figure,
P,A =P,A + mg
nRT-A_ nRT-A+
Al, Al,

F 3

/) noT lPlA

mg
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(c) From P-V graph,
P o i ,
\
T = constant and Pressure is increasing from 2 to
1 s0 option (c) represents correct T-P graph.

Using ideal gas equation, PV = nRT
P1Vi =nR x 250 [+ T1=250K] ... (i)

P (ZV :%RXZOOOJ[ T2 =2000 K]

(i)
Dividing eq. (i) by (ii),
i 4% 250

P,  5x2000
1

N

<O |.o

=5

el e

In first case,
From ideal gas equation
PV =nRT
PAV + VAP =0
(As temperature is constant)
AP .
AV =5 .. (D)
In second case, using ideal gas equation again
PAV = —nRAT

NRAT

AV = ... (i)

Equation (i) and (ii), we get
_NRAT _ AP,
P P

AT =aP L
nR

Comparing the above equation with |AT|=C|AP|

, we have
V AT _ 300K
"nR AP 2atm
=150 K/atm

(a) Given : K.E. :%kT =4x107™

mean

P=2cmofHg,V=4cm?

Kinetic Theory of Gases

PV PpgV 2x13.6x980x4

KT KT 2 > 10714

N =

~ 4 x 108

3RT
©) Vims =\~

v, _ [T, _(273+127)
(273+237)

i

£Vl =§x200
2 2

1=
vV, T,

Vv, =

=100+/5 m/s.

(Bonus) Rate of change of momentum during
collision
_mv—(-mv) 2mv

= N
At At

x(2mv)
Atx A
107 x2x107 x10°
- 1x1
=2 N/m?

So, pressure P =

(C) Vims = Ve

SRT =11.2x10°

3kT.
m

\/3><1.38><10‘23T
2x107°
~T=10*K

M
a) Usin Vims _ /—2
( ) g V2rms
rms ! Ar /
rms He

=3.16
10.

(a) Energy associated with N moles of diatomic
gas,

=11.2x10°

=11.2x10°
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U, = N2RT
2

Energy associated with n moles of monoatomic
gas

=n§RT
2

Total energy when n moles of diatomic gas
converted into monoatomic

3 5
(uf)zzanT +(N—n)ERT

_LRT 4 2NRT
2 2

Now, change in total kinetic energy of the gas

AU=Q:%nRT

11.

(c) Pressure, SIEJULIVE
3V

rms

(mN)T
\Y
If the gas mass and temperature are constant then

Poc(V )ZocT

or, P=

So, force oc (V,, )  ocT
i.e.,, Valueofg=1

12.

.co [3RT
(@ ~C= v

(1930)2 _ 3x8.314x 300
M
_ 3x8.314x300
~1930x1930
~ 2% 10°%kg
The gas is H..
13.

(C) Vims = L
mass of the gas

14.
Room mean square speed is given by

/3RT
Vims =4 =
M

Here, M = Molar mass of gas molecule
T = temperature of the gas molecule

Kinetic Theory of Gases

We have given v, =v,,

_ [3RT,  [3RT,
i MNZ B MHZ

T, 573
2 28
T, = 41K
15.
(c) Total degree of freedomf=3+2=5
Total energy, U _RT :_521-
C
And y=—2_1:2-1.2.71
C, f 5 5
16.
(b) Mean free path, 4= 1
, \/Eﬂndz

Where, d = diameter of the molecule
n = number of molecules per unit volume

. . A
But, mean time fo collision, 7=—

Vrms
But v, = / E
R

ST =

17.
(c) As we know,
C 2

y=—"t=1+—,

C f

Where f = degree of freedom
(A) Monatomic, f=3
ny=142=2
F=I3T3
(B) Diatomic rigid molecules, f=5

(D) Triatomic rigid molecules, f = 6
Sy =14+—=—
A
18.
(d) Here degree of freedom, f =3 + 3 = 6 for
triatomic non-linear molecule.
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19.

20.

21.

Internal energy of a mole of the gas at As temperature increases no. of collision
temperature T, increases so relaxation time decreases.
f 6 22.

U =—nRT ==RT =3RT ip
2 2 (d) Specific heat of gas at constant volume

. . C, = 1w ; T = degree of freedom
(b) Let C, and Cy be the specific heat capacity of 2
the gas at constant pressure and volume. For gas A (diatomic)
At constant pressure, heat required f =5 (3 translational + 2 rotational)
AQ1 = nCyAT _ ~ Cr=2R
160 = nCy50 . (i) 2
At constant volume, heat required For gas B (diatomic) in addition to (3
AQ; =nC,AT translational + 2 rotational) 2 vibrational degrees
240 =nC, 100 .. (i) of freedom.
Dividing (i) by (ii), we get nce-'n
160 _C, 50 2
240 C, 100 . 2R
H C,, 2 5
& _ ﬂ ence 5 = 7—R = 7
C, 3 2
C
Y= _P_ ﬂ =1+ 3
c, 3 f 23.
(Here, f = degree of freedom) Mean free path of a gas molecule is given by
f=6. Aot
J27dn
(a) Total energy of the gas mixture, Here, n = number of collisions per unit volume
E f,n,RT, N f,n,RT, d = diameter of the molecule
m 2 2 If average speed of molecule is v then
=3><ERT +§><3RT =15RT Mean free time, ¢ _4
2 2 v
11 M
As we know mean free path t= J2rnd?v  27znd? V3RT
1
A=—r Y yo [3RT
i)
Vv
Here, . JM
S T oC 2
N = no. of molecule d
V= v_olume of container 7 M d?
d = diameter of molecule s X
r, 47 M,

But PV =nRT = nNKT

2
N_P_, Y L
VKT 140 "\ 0.07

1 KT 24.

2 nd*P . mean freepath
V2 (c) Relaxation time (7)o mean Treepath
For constant volume and hence constant number speed

density n of gas molecules TE is constant.

So, mean free path remains same.
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and, voc T
1

ST OC——

N

Hence graph between t v/s s

N

which is correctly depicted by graph shown in

option (c).

(@) Helium is a monoatomic gas and Oxygen is a

diatomic gas.
3

For helium, C, :ER and C, =2R

5

For oxygen, C,, :ER and C, = 5 R

NlCF,l + Nszz
NG, +N,C,,

5 7
n.ER+2n.ER _19nRx2

7/: =
n.§R+2n.§R 2(13nR)
2 2

G| 19
) CV mixture 13

(d) USinga J/mixture =

4

nlcvl +n2CVz
o, N _n+n
n-1 -1 yr,-1
3 2 5

+ =

1 §_1 Ym—1
3
3

4_

3

9 2x 5
=+

1 2 y,-1

17
=—=142
Vm 12

©C]. - n[C, J+n[C, ]

n+n,

2><3—R+3><@
2 2

2+3

=21R=21x83

is a straight line

nC, +n,C,

Kinetic Theory of Gases
=17.4 J/mol-k
28.
o F G 1 1 5
oo (7/5) 7
or ﬂ:l_Ezg
Q 7 7
7 7 %10
or =W =
Q 2
=351
29.

(c) V=25x%x10°m? N=1mole of O,
T=300K
Vims =200 m/s

1

A=
\/ENm’z
<V >

Average time %: p =200.N7zr2~f2
23
_ J2 % 200><6.0_233><10 105 % 0.09
25x10
The closest value in the given option is = 10%°
30.
(c) Amount of heat required (Q) to raise the
temperature at constant volume
Q =nC,AT . (i)
Amount of heat required (Qi) at constant
pressure

Q1 =nCpAT .. (i)
Dividing equation (ii) by (i), we get
QG
Q¢
_o)? &7
a-@fl)  [-S-])
31.

C 29
b =—P =" =1.32< 1.4 (diatomic
(0) 7a C "o ( )

and 5, :%:2 =143>14

Gas A has more than 5-degrees of freedom.

32.
(a) Energy of the gas, E
f f f 6
= NRT =—PV 23(3x10 )(2)
=fx 3 x 108
Considering gas is monoatomic i.e., f =3
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Energy, E=9 x 108 (300)V 2T, (v )2/3
33.
. 300
b) Using, 7=—+— 2 (2)R
(®) 97 2nzd ZVEWg (2)
T, =189 K (final temperature)
T - :
LR ) Change in internal energy AU = n> RAT
no.of molecules 3\( 25
sn= -
[ Volume } B ZEEJ(EJ(_HQ
t, /500 P =_27kJ
or, = X
6x10° 2P /300 38.
~4x108s (b) Using formula,
34. Ny " N7,
C -1 y,-1
(a) U :LanT +£n2RT Y mixture = = :71—2
2 2 C, mix n n n,
Considering translational and rotational modes, n-1 y,-1
degrees of freedom f; =5and f, =3 Putting the value of
.. 5 3 C
S U_E(3RT)+EX5RT ng= 2’ n; =n, [_pJ :E
U =15RT v
35. 7, = 5, 7 _! and solving we get, n = 2
(c) Thermal energy of N molecule 3 5
3 N 3 3 3 39.
ZN(EKTJZN_ERT:E(HRT):EPV (@) Aswe know C,—Cy =R
A Where C, and C, are molar specific heat
:Ep[mjzﬁp[zj:§x4xlo4 Xg capacities
2 \lp) 2 \8) 2 8 R
or, C,-C,=—
=15x10%J M
Therefore, order = 10%J For hydrogen (M =2)C, ~C, =a=
36. S

(c) Heat transferred,

SEESE

For nitrogen (M =28)C, -C, =b=
Q =nCJAT as gas in closed vessel
To double the rms speed, temperature should be ~8_12
4 times i.e., T’ b
= 4T as V,,, =V3RT /M " or, a=14b
~ Q= 15 X 5xR x (4T -T) (d) The ratio of specific heats at constant pressure
28
(Cp) and constant volume (C.)
-'-EZKH , :Z&C -C,=R C, 2
CV latomic 5 p v C_:}/: l+?
37 or, Q =10000J=10kJ Where f is degree of freedom
' o C
(c) In an adiabatic process C—" = (1+ gj = %
TVr! = Constant v
or, TV =Ty 41 _
. (d) For a polytropic process
For monoatomic gas y = 3 c-cC, + ) Rn
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42.

43.

44,

45.

l1-n= R
C-C,
s 1= R =n
C-C,
) n_C—CV—R ~C-C,-C,+C,
" c-c,  c-g,
c-C
n= c-cp (~C,-Cyr)
(d) Using equipartition of energy, we have
9KT =mCT
2
Co 3x1.38x10% x6.02x10%
27x107

» C =925 J/kgK
(b)

(b) On giving same amount of heat at constant
pressure, there is no change in temperature of
monoatomic, diatomic and polyatomic.

No.of molecules
A =uC AT| u=
(8Q), =<, (y Avogedro'sno.j

1

or AT «
no.of molecules

Here work done on gas and heat supplied to the
gas are zero.

Let T be the final equilibrium temperature of the
gas in the vessel.

Total internal energy of gases remains same.

ie, U +U, =U +U,

or, mCyAT; +n,CyAT, = (ny +n)C,T

(0.1) Cv(200) + (0.05)C\(400) = (0.15)C\T

7280
3
= 266.67 k.
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Solutions: Pro Test - |

1.

(b) Given: Temperature Ty = 17 + 273 = 290 K
Temperature Ty = 27 + 273 = 300K
Atmospheric pressure, P, = 1 X 10°Pa

Volume of room, V, = 30m3

Difference in number of molecules, ny — n; =?
Using ideal gas equation, PV = nRT(N,),

Ny = Avogadro's number

=n = =~ (No)

_ _PVo(1_ 1)\,
SNy Ny = R Tf T, 0

~ 1x10° x 30 a1 1
=—g31q4 X 6023x10 (% - ﬁ)
= —2.5x10%°
2
(d) LM, = P,RT and P,M, = P,RT
b oM P
P, " My P
4 2 P P, 8
3737, "R, 9
3.

(d) A real gas behaves as an ideal gas at low
pressure and high temperature.
4,

3RT 1

(d) USing Vims = ; — > Vims OC Wivi

Vims (helium) argon — V10 ~
= 10 = 3.16
Vrms (argon) Mhellum
5.
(@ b, d)

According to question no. of mole of hydrogen =
no. of mole of helium =1
Total internal energy, u

f f2 3 5
= > RT +2-nRT = u = S RT + - RT = 4RT

.. Average internal energy per mole

u _ 4RT _ RT
o 2

VyRT

We know that Vi,yna = ”

1 1
5T
3 5
2 3 5 _4 L 1 3
= — —_ = = = = e
]/mix — 2 2 [/mlx 2 ]/mlx 2
(Vs)mzx Tmix X f
(Vs)He Mmix 3><—

1><2+1><4

[ Mmlx -

We know that Vs = /SRT
(Vrms)He \/_
(Vrms)HZ
(b d)
We know for all gases Cp. C,, = 14—5and C,+C, =

4
. . . 5 7 7
For diatomic gas: C, = ——; Cp = SR, y =

35
2Cp. Gy = Tand Cp+C,=6

7.
(b) The total translational kinetic energy of n moles
of gas

3
= EnRT = 1.5PV

(--P, = nRT)

Yes, the molecules of a gas collide with each other
and the velocities of the molecules change due to
collision.

8.

(d) The heat is supplied at constant pressure. i.e.,
the process is isobaric

5 Q =nCpat

5 5
=2[ER]><At=2x§><8.31x5=208]
('.'Cp = %R for mono —

atomic gas)

9.
(c) pT = constant (given)
nRT
(7) T, = constant or T3V~ = constant
(..PV =nRT)

Differentiating the equation, we get
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3T? T3 T ,

TdT—ﬁdV:00T3devdV (l)

From the equation

dV = VydT

t = coefficient of volume expansion of gas
_av
T v.dr

. av 3
fromeq. (i) y = s
10.

(900J) Given:T; = 100K, V; = 8V;
For and adiabatic process, TV/~1 = constant
or, T/ =T,V ™"

Ti (ﬁ)f‘l LT (%)f‘l
Ty Vi Tr Vi
. 5
For monoatomic gas y = 2

T; T;

==
8 -1)

Change in internal energy Au = nC,AT
=1x3R(Z-T)=2x8(-2)x 100 =
—900/=900j
11.
(b, c, d)

(@) As we know, Q =mc AT

Ci.e.,rate of heat absorption « C.

In the range 0 to 100K from the graph, C increases
with temperature but not linearly therefore the rate
at which heat is absorbed varies with temperature.
But not linearly.

(b) As the value of C is greater in the temperature
range 400-500K, the heat absorbed in increasing the
temperature from 0-100K is less than the heat
required for increasing the temperature from 400-
500K.

(c) From the graph the value of C does not change
in the temperature range 400-500K, therefore there
is no change in the rate of heat absorption in the
range.

(d) As the value of C increases from 200-300K, the
rate of heart absorption increases in the range 200-
300K.

12.

(d) Let T be the final temperature of the gases when
equilibrium is achieved.

Heat lost by monatomic gas at constant volume
= Heat gained by diatomic gas at constant pressure
-MCp1(700 — T) = nCpy (T — 400)

3 7
5R(700 = T) = 2 R(T = 400)

= 2100 — 3T =7T — 2800 = 10T =4900 ..T
= 490K

13.

(d) As the pressure of gases in both compartment is

the same

-nCyy (700 = T) = nCpy (T — 400)

5 7
5R(700 = T) = 5 R(T = 400)

= 3500 — 5T = 7T — 2800 = 12T = 6300 ..T
= 425K

Applying first law of thermodynamic

AW, + AU, = AQq

And AW, + AU, = AQ,

AQ; +AQ, =0

Or, —(AW, + AW,) = AU, + AU,

= nC,,(525 — 700) + n,C,,(525 — 400)

3TR 5R
=_2XTX175+2X7X125

= —525R + 625R = —100R
Therefore, total work done = -100R
14.
P, =830 —30 =800mm Hg ; P,?
V=V ; V,=V; T,=T ;T,=T—001T

=099T
PV, PV, P,T, 800 x 0.099T
T, T, *T T T

= 792mmHg

.. Total pressure in the jar = 792 + 25 =817 mm Hg
15.

From, PV =nRT

When P,T are same n < V

As volumes are same, i.e., 1c.c of each hydrogen
and oxygen, So both samples will have equal
number of molecules.

[Explore more @physicsfactor.com
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below every questions
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This concept I wish, if somebody
Is not very could monitor
clear! my homework

STUCK WITH
DOUBTS?

PHYSICS
FACTORIS
HERE TO HELP

We are a team of Passionate Physics Tutors! We will ensure

you fall in love 2 with Physics upon joining our Classes! We

can guarantee, you will see the amazing improvements in
your child after 2 weeks upon joining.

LEARN PHYSICS FROM ZERO TO HERO

WHY DON'T
YOU TRY? A FREE DEMO CLASS OF 30 MINUTES

Call us 6361109416 for Any Assistance



BOOK féadiopmans) O URNEY

COLLECTIONS OF QUESTIONS & FRAMING

L '
2.016-19 It was mostly from Foriegn author books and Kota
Teachers notes. This collections took 3 years total

IDEA TO MAKE BEST NOTES FOR TEACHER

H > :
When | was in FIITJEE, Chennai, after 3 years of work, ' 2019 m

my teachers self reference note was completed.

DEVELOPED EDUCATION APP FOR PHYSICS
| hired MTouch Labs, and made an app for students as well
as teachers so that they can refer questions and theory.

PUBLISHED 1ST TWO E-BOOKS ON AMAZON

It was the version 1.0 of the book, The book got
decent sales without marketing in next 6 months.

IDEA -BOOK TO HAVE MORE SUB-TOPIC QUESTIONS
When version 1.0 was live, | believe something is missing,
So | started working on detailed sub-topic oriented style.

TYPING, FORMATING, DIAGRAMS & REVIEWS

Once all subtopic segregations done, | assigned and
hired various freelancers to type and format the book

— REVIEWS FROM VARIOUS TEACHERS
202@ e I hired more than 15 teachers from all over india to review

my book, finding typing mistakes, answer key corrections.

VERSION 3.0 ZERO TO HERO RELEASED

2023 Year, | published Adaptive Problems Book, which : 2024
was version 2.0 of my content, once all reviews are done.
Then | started working on my final book project version 3.0.

Painful Endless Days & Nights, Tremendous Hardwork of Author & His Team




SATYAM SIR

Physics is a subject of complexity and understanding.
To make concepts simpler and practice it in a more
systematic manner, the Bihar born genius, Satyam Sir
has made his deep efforts to publish this book. He has
already helped many students to understand in depth
subject concepts in the easiest possible manner. He is
gifted with rare ability to simplify concepts and
motivate the children how to solve complex problems
in minutes. Sir has graduated from IIT Kharagpur in
Civil Engineering and has been teaching Physics for
JEE Mains and Advanced for more than a decade. The
main goal of this book is o enhance problem solving
ability in students. Sir is having hope that you would
enjoy this journey of learning physics.

Enjoy Learning Physics!

INCREDIBLE MASTERPEICE
REGULAR PHYSICS BOOK
(SET OF ZIBOOKSI SALYA
Vast collections of questions SI R

and brief theories
BOOKS

www'.physicsfactor.com

amazon
~—

Call Us 6361109416
for any Assistance




