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1. A vessel of volume V = 301 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 Ap = 0.78atm (the
temperature remaining constant). Find the
mass of the released gas. The gas density

under the normal conditions p = 1.3¢g/ 1.

o Watch Video Solution



https://dl.doubtnut.com/l/_Yn3Or9xSQfaX

2. Two identical vessels are connected by a
tube with a valve letting the gas from one
vessel into the other if the pressure difference
Ap > 1.10atm. Initially there was a vacuum in
one vessel while the other contained ideal gas
at a temperature t; = 27°C and pressure
p1 = 1.00atm. Then both vessels were heated
to a temperature t, = 10.7°C. Up to what
value will the pressure in the first vessel

(which had vacuum initially) increase ?

o Watch Video Solution



https://dl.doubtnut.com/l/_rXD1veOAWNW8

3. A vessel of volume V = 201 contains a
mixture of hydrogen and helium at a
temperature ¢t =20"C" and  pressure
p = 2.0atm. The mass of the mixture is equal
iIs equal to m = 5.0g. Find the ratio of the
mass of hydrogen to that of helium in the

given mixture.

o Watch Video Solution



https://dl.doubtnut.com/l/_QGSWecEh0zUZ

4, A vessel contains a mixture of 7g of
nitrogen and 11g carbon dioxide at
temperature T = 290K. If pressure of the
mixure is  latm( = 1.01 x 10°N /m?),

calculate its density (R = 8.31J /mol — K).

o Watch Video Solution

5. A vessel of volume V = 7.51 contains a

mixture of ideal gases at a temperature

T =300K:v; =0.10 mole of oxygen,


https://dl.doubtnut.com/l/_8XGdF1PzQBlx
https://dl.doubtnut.com/l/_V8aSqsbkaNPE

v9 = 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.

° Watch Video Solution



https://dl.doubtnut.com/l/_V8aSqsbkaNPE

6. 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
Ty = 300K the volume of the upper part is
1 = 4.0 times greater than that of the lower
part. At what temperature will the ratio of

these volumes be equalton” = 3.07

o Watch Video Solution



https://dl.doubtnut.com/l/_aZ35LLoAVDyX

7. A vessel of volume V is evacuated by means
of a piston air pump. One piston stroke
captures the volume AV. How many strokes
are needed to reduce the pressure in the
vessel 1) times ? The process is assumed to be

isothermal, and the gas ideal.

o Watch Video Solution

8. Find the pressure of air in a vessel being

evacuated as a function of evacuation time t.


https://dl.doubtnut.com/l/_PC95yk3bU7lE
https://dl.doubtnut.com/l/_Y2MiqW9ICxdO

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.

The evatuation rate is the gas volume being
evacuated per unit time, with that volume
being measured under the gas pressure

attained by that moment.

o Watch Video Solution



https://dl.doubtnut.com/l/_Y2MiqW9ICxdO

9. A chamber of volume V' = 871 is evacuated
by a pump whose evacuation rate (see Note
the foregoing problem) equals C = 101/s.
How soon will the pressure in the chamber

decrease by n = 1000 times ?

o Watch Video Solution

10. A smooth vertical tube having two different
cross sections is open from both the ends but

closed by two sliding pistions as shown in Fig.


https://dl.doubtnut.com/l/_WCDvRBcb3kPt
https://dl.doubtnut.com/l/_wWAe2kT3IJPf

and tied with an inextensible string. One mole
of an ideal gas is enclosed between the piston
The difference in cross-sectional areas of the
two pistons is given AS. The masses of piston
are m; and my for larger and smaller one,
respectively. Find the temperature by which
tube is raised so that the pistons will be

displaced by a distance |. Take atmospheric


https://dl.doubtnut.com/l/_wWAe2kT3IJPf

pressure equal to F

ion

o Watch Video Solut



https://dl.doubtnut.com/l/_wWAe2kT3IJPf

11. Find the maximum attainable temperature

of ideal gas in each of the following process :

(a)p:po _ aV2’
(b) p = poe ",

where py, a and B are positive constants, and

V is the volume of one mole of gas.

o Watch Video Solution

12. Find the minimum attainable pressure of

ideal gas in the process T =T, + aV?,


https://dl.doubtnut.com/l/_xdAuxVDdEfvu
https://dl.doubtnut.com/l/_LOA073IOYVrG

where T, and « positive constants, and V is
the volume of one mole of gas. Draw the

approximate pvsV plot of this process.

o Watch Video Solution

13. A tall cylindrical vessel with gaseous
nitrogen is located in a uniform gravitational
field in which the free-fall acceleration is equal
to g. The temperature of the nitrogen varies

along the height h so that its density is the


https://dl.doubtnut.com/l/_LOA073IOYVrG
https://dl.doubtnut.com/l/_UQuWn2bf8Nfd

same throught the volume. find the

temperature gradient dT" / dh.

° Watch Video Solution

14. Suppose the pressure p and the density p
of air are related as p/p" = const regardless
of height (n is a constant here). Find the

corresponding temperature gradient.

o Watch Video Solution



https://dl.doubtnut.com/l/_UQuWn2bf8Nfd
https://dl.doubtnut.com/l/_vBJuWv6lqSfa

15. 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 5.0km over
the surface and in a mine at the depth 5.0km

below the surface.

o Watch Video Solution



https://dl.doubtnut.com/l/_7FxWIY25iQTF

16. Assuming the temperature and the molar
mass of air, as well as the free-fall acceleration,
to be independent of the height, find the
difference in heights at which the air densities
at the temperature 0° C differ.

(a) e times,

(bybyn =1.0%.

o Watch Video Solution



https://dl.doubtnut.com/l/_QHUHQ8XPXpJh

17. An ideal gas of molar mass M is contained
in a tall vertical cylindrical vessel whose base
area is S and height h. The temperatuer of the
gas is T, its pressure on the bottom bass is py.
Assuming the temperature and the free-fall
acceleration g to be independent of the

height, find the mass of gas in the vessel.

o Watch Video Solution



https://dl.doubtnut.com/l/_key7mjmHWwKc

18. An ideal gas of molar mass M is contained
in a very tall vertical cylindrical vessel in the
uniform gravitational field in which the free-
fall acceleration equals to T, find the height at
which the centre of gravity of the gas is

located.

o Watch Video Solution

19. An ideal gas of molar mass M is located in

the uniform gravitational field in which the


https://dl.doubtnut.com/l/_5zXOzTHgBwiz
https://dl.doubtnut.com/l/_v7rTldwJDgr0

free-fall acceleration is equal to g. Find the gas
pressure as a function of height h. If p = p, at
h = 0, and the temperature varies with height
as

(@) T =Ty(1 — ah),

(b) T = Ty(1 + ah),

where a is a positive constant.

o Watch Video Solution

20. A horizontal cylinder closed from one end

is rotated with a constant angular velocity w


https://dl.doubtnut.com/l/_v7rTldwJDgr0
https://dl.doubtnut.com/l/_Lv6tVXiwwoML

about a vertical axis passing through the open
end of the cylinder. The outside air pressure is
equal to pgy, the temperature to 7', and the
molar mass of air to M. find the air pressure
as a function of the distance r from the rotate
axis. The molar mass is assumed to be

independent of r.

o Watch Video Solution

21. Under what pressure will carbon dioxide

have the density p =500g/1 at the


https://dl.doubtnut.com/l/_Lv6tVXiwwoML
https://dl.doubtnut.com/l/_GMkHXvWIelKn

temperature T = 300K ? Carry out the
calculations both for an ideal and for a Van

der Walls gas.

o Watch Video Solution

22. One mole of nitrogen is contained in a
vessel of volume V' = 1.001. Find :

(a) the temperature of the nitrogen at which
the pressure can be calculated from an ideal
gas law with an error n = 10 % (as compared

with the pressure calculated from the Van der


https://dl.doubtnut.com/l/_GMkHXvWIelKn
https://dl.doubtnut.com/l/_cGnOp4ZooU2A

Walls equation of state) ,

(b) the gas pressure at this temperature.

° Watch Video Solution

23. One mole of a certain gas is contained in a
vessel of wvolume V =0.2501. At a
temperature 77 = 300K the gas pressure is
p1 = 90atm, and at a  temperature
Ty = 350K the pressure is p; = 110atm. Find

the Van der Walls parameters for this gas

° Watch Video Solution



https://dl.doubtnut.com/l/_cGnOp4ZooU2A
https://dl.doubtnut.com/l/_Y3MiRfrdhdPl

24. Find the isothermal compressibility  of a
Van der Walls gas as a function of volume V" at

temperature T’

By definiti L oV
efinition,z = — ———.
y V 0op

o Watch Video Solution

25. Making use of the result obtained in the
foregoing  problem. Find the what
temperature the isothermal compressibility =

of a Van der Walls gas is greater than that of


https://dl.doubtnut.com/l/_Y3MiRfrdhdPl
https://dl.doubtnut.com/l/_xyC9FvFI1H7t
https://dl.doubtnut.com/l/_EJrhyfjwpHI5

an ideal gas. Examine the case when the molar

volume is much greater than the parameter b.

° Watch Video Solution

The First Law Of Thermodynamics Heat Capacity

1. Demonstate that the inerval 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 the normal


https://dl.doubtnut.com/l/_EJrhyfjwpHI5
https://dl.doubtnut.com/l/_qFemyAjAnRos

atmosphere pressure and the room's volume

is equal to V' = 40m°.

° Watch Video Solution

2. A thermally insulated vessel contains an
ideal gas of molecular mass M and ratio of
specific heats +. It is moving with speed v and
it's suddenly brought to rest. Assuming no
heat is lost to the surroundings, Its

temperature increases by:

° Watch Video Solution



https://dl.doubtnut.com/l/_qFemyAjAnRos
https://dl.doubtnut.com/l/_Xx7pSXZgbfaX

3. Two vessels of volume (V) and (V5)
contain the same ideal gas. The pressures in
the vessels are (P;) and (P,) and the
temperatures are (77) and (73) respectively .
The two vessels are now connected to each
other through a narrow tube. Assuming that
no heat is exchanged between the
surrounding and the vessels, find the common
pressure and temperature attained after the

connection.

O Watch Video Solution



https://dl.doubtnut.com/l/_Xx7pSXZgbfaX
https://dl.doubtnut.com/l/_VGN4Ala1JZIS

4. Gaseous hydrogen contained initially under
standard conditions in sealed vessel of volume
V = 5L was cooled by AT = 55K. Find how
much the internal energy of the gas will
change and what amount of heat will be lost

by the gas.

o Watch Video Solution

5. What amount of heat is to be transferred to

nitrogen in an isobaric heating process so


https://dl.doubtnut.com/l/_VGN4Ala1JZIS
https://dl.doubtnut.com/l/_EtdgjTzM8PP9
https://dl.doubtnut.com/l/_W3MiUorsKAKS

that the gas may perform 2 ) work?

o Watch Video Solution

6. As a result of the isobaric heating by
AT = 72K, one mole of a certain ideal gas
obtain an amount of heat ) = 1.6kJ. Find
the work performed by the gas, the increment

of its internal energy and .

o Watch Video Solution



https://dl.doubtnut.com/l/_W3MiUorsKAKS
https://dl.doubtnut.com/l/_QGeoMsE5N9NZ

7. Two moles of a certain gas at a temperature
Ty, = 300K were cooled isochorically so that
the pressure of the gas got reduced 2 times.
Then as a result of isobaric process, the gas is
allowed to expand till its temperature got
back to the initial value. Find the total amount

of heat absorbed by gas in this process.

o Watch Video Solution



https://dl.doubtnut.com/l/_BdOLNZQvSV1b

8. Calculate the values of v = C, /C, for a
gaseous mixture consisting of v; = 2.0 moles
of oxygen and vy = 3.0 mole of carbon

dioxide. The gases are assumed to be ideal.

o Watch Video Solution

9. Find the specific heat capacities ¢, and ¢,
for a gaseous mixture consisting of 7.0g of
nitrogen and 20g of argon. The gases are

assumed to be ideal.

| & I


https://dl.doubtnut.com/l/_euoOJvHdjXVJ
https://dl.doubtnut.com/l/_TfFXR8DZYevd

| ¥ Watch Video Solution |

10. One mole of a certain ideal gas is
contained under a weight-less piston of a
vertical cylinder at a temperature 1'. The space
over the piston opens into the atmosphere.
What work has to be performed on 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.

o Watch Video Solution



https://dl.doubtnut.com/l/_TfFXR8DZYevd
https://dl.doubtnut.com/l/_qgskFHnD8wGx

11. 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 volmek
Vi in which an ideal gas is contained under
the same pressure p, and at the same
temperature. What work has to be performed
in order to increase isothermally the volume
of one part of gas 7 times compared to that of

the other by slowly moving the piston ?

o Watch Video Solution



https://dl.doubtnut.com/l/_qgskFHnD8wGx
https://dl.doubtnut.com/l/_p8UG2g5nWuzN

12. Three moles of an ideal gas being initially
at a temperature T; =273K  were
isothermally expanded 5 times its initial
volume and then isochorically heated so that
the pressure in the final state becomes equal
to that in the initial state. The total heat

supplied in the process is 80kJ. Find

C, -
v = =] oft .
( V)o e gas

o Watch Video Solution



https://dl.doubtnut.com/l/_p8UG2g5nWuzN
https://dl.doubtnut.com/l/_kWcer2eUHR9P
https://dl.doubtnut.com/l/_zhxdcBkhzNoD

13. Draw the approximate plots of isochoric,
isobaric, isothermal, and adiabatic processes
for the case of an ideal gas, using the
following variables :

(a) p, T

b))V, T.

° Watch Video Solution

14. One mole of oxygen being initially at a
temperature Tp = 290K is adiabatically

compressed to increase its pressure n = 10.0


https://dl.doubtnut.com/l/_zhxdcBkhzNoD
https://dl.doubtnut.com/l/_gdWGl6oY4Wkn

times. Find :

(a) the gas temperature after the compression

(b) the work that has been performed on the

gas.

o Watch Video Solution

15. A certain mass of nitrogen was compressed
n = 5.0 times (in terms of volume), first
adiabatically, and then isothermally. In both

cases the initial state of the gas was the same.


https://dl.doubtnut.com/l/_gdWGl6oY4Wkn
https://dl.doubtnut.com/l/_HpEgGOIuZXHk

Find the ratio of the respective works

expended in each compression.

O Watch Video Solution

16. A heat-conducting piston can freely move
inside a closed thermally insulated cylinder
with an ideal gas. In equilibrium the piston
divides the cylinder into two equal parts, the
gas temperature being equal to Tj. The piston
is slowly displaced. Find the gas temperature

as a function of the ratio n of the volumes of


https://dl.doubtnut.com/l/_HpEgGOIuZXHk
https://dl.doubtnut.com/l/_R8R37yC5DuXk

the greater and smaller sections. The adiabatic

exponent of the gas is equal to 7.

° Watch Video Solution

17. Find the rate v with which helium flows out
of a thermally insulated vessel into vacuum
through a small hole. The flow rate of the gas
inside the vessel is assumed to be negligible

under these conditions. The temperature of

helium in the vessel is T = 1.000K.

° Watch Video Solution



https://dl.doubtnut.com/l/_R8R37yC5DuXk
https://dl.doubtnut.com/l/_oPb9cCQU9lDj

18. The volume of one mode of an ideal gas
with adiabatic exponent v is varied according
to the law V = a /T, where a is constant .
Find the amount of heat obtained by the gas

in this process, if the temperature is increased

by AT.

o Watch Video Solution

19. Demonstrate that the process in which the

work performed by an ideal gas s


https://dl.doubtnut.com/l/_oPb9cCQU9lDj
https://dl.doubtnut.com/l/_4nUl2MJalCoV
https://dl.doubtnut.com/l/_kbSOvcfTSGzw

alphaortional to  that  corresponding
increment of its internal energy is decribed by
the equation pV"™ — const, where n is a

constant.

o Watch Video Solution

20. Find the molar heat capacity of an ideak
gas in a polytropic process pV" = const if the
adiabatic exponent of the gas is equal to . At
what values of the polytropic constant n will

the heat capacity of the gas be negative ?

| e |


https://dl.doubtnut.com/l/_kbSOvcfTSGzw
https://dl.doubtnut.com/l/_fjkus7d1D9bQ

& Wwatch Video Solution I

21. In a certain polytropic process the volume
of argon was increased o = 4.0 times.
Simultaneously, the pressure decreased
B = 8.0 times. Find the molar heat capacity of
argon in this process. Assuming the gas to be

ideal.

° Watch Video Solution



https://dl.doubtnut.com/l/_fjkus7d1D9bQ
https://dl.doubtnut.com/l/_xmEBRA6Xen9Q

22. On mole of argon expands polytropically,
the polytropic constant being 1.5, that is, the
process proceeds according to the law pV 1 =
constant. In the process, its temperature
change by AT = — 26K. Find

a. the amount of heat obatined by the gas.

b. the work performed by the gas.

o Watch Video Solution



https://dl.doubtnut.com/l/_r8Fa0PepbHcu

23. An ideal gas whose adiabatic exponent
equals v 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 :
(@) The incident of the internal energy of the
gas,

(b) the work performed by the gas,

( ¢) the molar heat capacity of the gas in the

process.

o Watch Video Solution



https://dl.doubtnut.com/l/_VAnRRdZONVe4

24. An ideal gas whose adiabatic exponent
equals 7 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 the
process ,

The equation of the process in the variables
t,V,

( ¢) the work performed by one mole of the
gas when its volume increases 7 times if the

initial temperature of the gas is Tj.

o Watch Video Solution



https://dl.doubtnut.com/l/_dHsMWaqZX82Y

25. One mole of an ideal gas whose adiabatic
axponent equal <y undergoes a process in
which the gas pressure relates to the
temperature as p = aT'“, where a and a are
consists. Find :

(@) the work performed by the gas if its
temperature gets an increment AT,

(b) the molar heat capacity of the gas in the
process , at what value of a will the heat

capacity be negative ?

I o Watch Video Solution


https://dl.doubtnut.com/l/_dHsMWaqZX82Y
https://dl.doubtnut.com/l/_8Ew9lqg4ANwz

26. An ideal gas with the adiabatic exponent ~y
undergoes a process in which its internal
energy relates to the volume as u = aV“.
Where a and « are constants. Find :

(@) the work performed by the gas and the
amount of heat to be transferred to this gas
to increase its internal energy by AU,

(b) the molar heat capacity of the gas in this

process.

o Watch Video Solution



https://dl.doubtnut.com/l/_8Ew9lqg4ANwz
https://dl.doubtnut.com/l/_7TjI8OdeZrdh

27. 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 = Tpe™,

(b) p = ppe”’,

where T}, py, and a are constants.

o Watch Video Solution



https://dl.doubtnut.com/l/_7TjI8OdeZrdh
https://dl.doubtnut.com/l/_QlRJB11a8e2C

28. One mole an ideal gas whose adiabatic
exponent equals < undergoes a process
p=py+ a/V, where py and « are positive
constants. Find :

(a) heat capacity of the gas as a function of its
volume,

(b) the internal energy of heat transferred to

the gas, of its volume increased from V; to V5.

o Watch Video Solution



https://dl.doubtnut.com/l/_KDbutN82xamU

29. One mole of an ideal gas with heat capacity
at constant pressure (), undergoes the
process T' =T, + aV, where T, and « 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 V5.

o Watch Video Solution



https://dl.doubtnut.com/l/_MOd245GoAgLq

30. For the case of an ideal gas find the
equation of the process (in the variables 7', V)
in which the molar heat capacity varies as :

(@) C = Cy + aT,

(b) C = Cy + BV,

(0C =0C, +ap,

where a, 8 and a are constants.

o Watch Video Solution



https://dl.doubtnut.com/l/_3mDupQ3FJ8RC

31. An ideal gas has an adiabatic exponent 7.
In some process its molar heat capacity varies
as C = a /T where « is a constant Find :

(a) the work performed by one mole of the gas
during its heating from the temperature 7§ to
the temperature 7 times higher,

(b) the equation of the process in the

variables p, V.

o Watch Video Solution



https://dl.doubtnut.com/l/_qfnLFPZVLZJf

32. Find the work performed by one mole of a
Van der Walls gas during its isothermal
expansion from the volume V; to V; at a

temperature T

o Watch Video Solution

33. One mole of oxygen is expanded from a
volume V; = 1.001 to V5, = 5.01 at a constant
temperature T' = 280K. Calculate :

(i) the increment of te internal energy of the


https://dl.doubtnut.com/l/_fTZJY6onfH2E
https://dl.doubtnut.com/l/_bv3ZbyKbP056

gas :
(b) the amount of the absorbed heat.

The gas is assumed to be a Van der Walls gas.

o Watch Video Solution

34. For a Van der Walls gas find :
(a) the equation of the adiabatic curve in the
variables T', V',

the difference of the molar heat capacities

C, — Cy as afunction of T'and V..

o Watch Video Solution



https://dl.doubtnut.com/l/_bv3ZbyKbP056
https://dl.doubtnut.com/l/_PkAg2rg0R3bH

35. Two thermally insulated vessels are
interconnected by a tube equipped with a
valve. One vessel volume V; = 101 contains
v = 2.5 moles of carbon dioxide. The other
vessel of volume V; = 1001 is evacuated. The
valve having been opened, the gas
adiabatically expanded. Assuming the gas to
obey the Van der Walls equation, find its
temperature change accompanying the

expansion.

O Watch Video Solution



https://dl.doubtnut.com/l/_PkAg2rg0R3bH
https://dl.doubtnut.com/l/_YWcPyTtBWBXH

36. What amount of heat has to be transferred
to v = 3.0 moles of carbon dioxide to keep its
temperature constant while it expands into
vacuum from the volume V; =5.01 to
Vo = 101 ? The gas is assumed to be a Van der

Walls gas.

o Watch Video Solution

Kinetic Theory Of Gases


https://dl.doubtnut.com/l/_YWcPyTtBWBXH
https://dl.doubtnut.com/l/_NslGBD9sDWrj
https://dl.doubtnut.com/l/_dLE0Rafd7PoK

1. Modern vacuum pumps permit to pressures
down to p = 4.10 atm to be reached at
room temperatures. Assuming that the gas
exhausted is nitrogen, find the number of its
molecules per lem® and the mean distance

between them at this pressure.

o Watch Video Solution

2. A vessel of volume , V = 5.0 litre contains
1.4g of nitrogen at a temperature T' = 1800K.

Find the pressure of the gas if 30% of its


https://dl.doubtnut.com/l/_dLE0Rafd7PoK
https://dl.doubtnut.com/l/_Jz0aQVQJMd78

molecules are dissociated into atoms at this

temperature.

° Watch Video Solution

3. Under standard conditions the density of
the helium and nitrogen mixture equals
p = 0.60g/1. Find the concentration of

helium atoms in the given mixture.

o Watch Video Solution



https://dl.doubtnut.com/l/_Jz0aQVQJMd78
https://dl.doubtnut.com/l/_cDeED1wbDZWt

4. A parallel beam of nitrogen molecules

L imprings

moving with velocity v = 400ms ™~
on a wall at an angle 8 = 30° to its normal.
The concentration of molecules in the beam is
n = 9 x 10¥¢m 3. Find the pressure exerted

by the beam on the wall, assuming that

collisions are perfectly elastic.

o Watch Video Solution



https://dl.doubtnut.com/l/_iEMcd4GmFBnV

5. How many degress of freedom have the gas
molecules, if under standard conditions the
gas density is p = 1.3kg/m® and velocity of

sound propagation o itis v = 330m /s ?

o Watch Video Solution

6. Determine the ratio of the sonic velocity v in
a gas to the root mean square velocity of

molecules of this gas, if the molecules are


https://dl.doubtnut.com/l/_OTvRxvG71mdl
https://dl.doubtnut.com/l/_P069n7Bsa6pH

(a) momatomic,

(b) rigid diatomic.

° Watch Video Solution

7. A gas consisting of N — atomic molecules
has the temperature T" at which all degrees of
freedom (translational, rotational, and
vibrational) are excited. Find the mean energy
of molecules in such a gas. What fraction of
this energy corresponds to that of

translational motion ?

| e |


https://dl.doubtnut.com/l/_P069n7Bsa6pH
https://dl.doubtnut.com/l/_Rzi7GSdtBCxb

| L ® Watch Video Solution

8. Suppose a gas is heated up to a
temperature at which all degrees of freedom
(translational, rotational, and vibrational) of
its molecules are excited. Find the molar heat
capacity of such a gas in the isochoric process,
as well as the adiabatic exponent v, if the gas
consists of

(a) diatomic,

(b) linear N — atomic,

( ¢) network N — atomic molecules.



https://dl.doubtnut.com/l/_Rzi7GSdtBCxb
https://dl.doubtnut.com/l/_wrNAJpn35VSO

Watch Video Solution

9. An ideal gas consisting of N — atomic
molecules is expanded isobarically. Assuming
that all degrees of freedom (translational,
rotational, and vibrational) of the molecules
are excited, find what fraction of heat
transferred to the gas in this process is spend
to perform the work of expansion. Now high is

this fraction in the case of monatomic gas ?

° Watch Video Solution



https://dl.doubtnut.com/l/_wrNAJpn35VSO
https://dl.doubtnut.com/l/_LqlRy5pIB3GX

10. Find the molar mass and the number of
degrees of freedom of molecules in a gas if its
heat capacities are C, = 650Jkg 'K ~! and

Cp = 910Jkg 'K !

o Watch Video Solution

11. Find the number of degrees of freedom of
molecules in a gas. Whose molar heat capacity

(a) at constant pressure C), = 29Jmol 1K 1


https://dl.doubtnut.com/l/_yGmgteY9AF4o
https://dl.doubtnut.com/l/_HHH02hF8KYpG

(b) C = 29Jmol 'K ~! in the precess (pT) =

constant.

° Watch Video Solution

12. Find the adiabatic exponent ~ for a mixture
consisting of v; moles of a monatomic gas
and vy moles of gas of rigid diatomic

molecules.

o Watch Video Solution



https://dl.doubtnut.com/l/_HHH02hF8KYpG
https://dl.doubtnut.com/l/_AxXMdk8fYuzp

13. A thermally insulated vessel with gaseous
nitrogen at a temperature of 27°C moves
with velocity 100m /s . How much (in
percentage) and in what way will the gas
pressrue change if the vessel is brought to

rest suddenly ?

o Watch Video Solution

14. Calculate at the temperaturet = 16°C':

(a) the root mean square velocity and the


https://dl.doubtnut.com/l/_pAhE3Pwm1U3R
https://dl.doubtnut.com/l/_7Aje9fOVsAvf

mean kinetic energy of an oxygen molecule in
the process of translational motion,
(b) the root mean square velocity of the

molecules n = 1.50 times ?

o Watch Video Solution

15. A gas consisting to rigid diatomic
molecules is expanded adiabatically. How many
times has the gas to be expanded to reduce
the root mean square velocity of the

molecules n = 1.50 times ?

| e |


https://dl.doubtnut.com/l/_7Aje9fOVsAvf
https://dl.doubtnut.com/l/_Ulk2semcQf34

& Wwatch Video Solution I

16. A mass M =15 g of nitrogen is enclosed in a
vessel at temperature T = 300 K. What amount
of heat has to be transferred to the gas to
increase the root-mean-square velocity of

molecules 2 times ?

° Watch Video Solution

17. The temperature of a gas consisting of

rigid diatomic molecules is T = 300k%.


https://dl.doubtnut.com/l/_Ulk2semcQf34
https://dl.doubtnut.com/l/_54wJCEzybwRW
https://dl.doubtnut.com/l/_mxF8FpoYNjgY

Calculate the angular root mean square

velocity of a rotating molecule if its moment

of inertia is equal to I = 2.1.10*%g. em?.

o Watch Video Solution

18. A gas consisting of rigid diatomic
molecules (degrees of freedom r = 5) under
standard conditions (PO = 10° Pa and
Ty = 273K) was compressed adiabatically
1 = 5 times. Find the mean kinetic energy of a

rotating molecule in the final state.

| e |


https://dl.doubtnut.com/l/_mxF8FpoYNjgY
https://dl.doubtnut.com/l/_UOs6fgM6h3ab

& watch Video Solution I

19. How will the rate of collisions of rigid
diatomic molecules against the vessel's wall
change, if the gas is expanded adiabatically 1

times ?

° Watch Video Solution

20. The volume of a diatomic gas (y = 7/5) is
increased two times in a polytropic process

with molar heat capacity C' = R. How many


https://dl.doubtnut.com/l/_UOs6fgM6h3ab
https://dl.doubtnut.com/l/_FqtdwUfi9fZu
https://dl.doubtnut.com/l/_DGlMmAuL3NQD

times will the rate of collision of molecules
against the wall of the vessel be reduced as a

result of this process?

o Watch Video Solution

2. A gas consisting of rigid diatomic
molecules was expanded in a polytropic
process so that the rate of collisions of the
molecules against the vessel's wall did not
change. Find the molar heat capacity of the

gas in this process.

| e |


https://dl.doubtnut.com/l/_DGlMmAuL3NQD
https://dl.doubtnut.com/l/_59GvCOYU1wWo

& Wwatch Video Solution I

22. Calculate the most probable, the mean,
and the root mean square velocities of a
molecule of a gas whose density under
standard atmospheric pressure is equal to

p = 1.00g /1.

° Watch Video Solution

23. Find the fraction of gas molecules whose

velocities differ by less than én = 1.00 % from


https://dl.doubtnut.com/l/_59GvCOYU1wWo
https://dl.doubtnut.com/l/_pkRYa0nm4zoa
https://dl.doubtnut.com/l/_J98ecXRGmyWc

the value of
(a) the most probable velocity,

(b) the root mean square velocity.

o Watch Video Solution

24. Determine the gas temperature at which
(a) the root mean square velocity of hydrogen
molecules exceeds their most probable
velocity by Av = 400m /s,

(b) the velocity distribution function F'(v) for


https://dl.doubtnut.com/l/_J98ecXRGmyWc
https://dl.doubtnut.com/l/_r8ptfbU12B4Q

the oxygen molecules will have the maximum

value at the velocity v = 420m / s.

o Watch Video Solution

25. In the case of gaseous nitrogen find :

(a) the temperature at which the velocities of
the molecules vy = 300m /s and
vy = 600m /s are associated with equal
values of the Maxwell distribution friction
F(v),

(b) the velocity of the molecules v at which the


https://dl.doubtnut.com/l/_r8ptfbU12B4Q
https://dl.doubtnut.com/l/_5uiYkZUQoinq

value of the Maxwell distribution function
F(v) for the temperature Tj will be the same

as that for the temperature 7 times higher.

° Watch Video Solution

26. At what temperature of a nitrogen and
oxygen mixture do the most probable

velocities of nitrogen and oxygen molecules

differ by Av = 30m /s ?

° Watch Video Solution



https://dl.doubtnut.com/l/_5uiYkZUQoinq
https://dl.doubtnut.com/l/_xNQCFrvLhnEU
https://dl.doubtnut.com/l/_Dmy9SHfzTfaY

27.The temperature of a hydrogen and helium
mixture is T' = 300K. At what value of the
molecules velocity v will the Maxwell
distribution function F(v) vyield the same

magnitude for both gases ?

o Watch Video Solution

28. At what temperature of a gas will the
number of molecules, whose velocities fall

within the given interval from v to v + dv, be


https://dl.doubtnut.com/l/_Dmy9SHfzTfaY
https://dl.doubtnut.com/l/_RPTykCHizilA

the greatest ? The mass of each molecule is

equal to m.

° Watch Video Solution

29. Find the fraction of molecules whose
velocity projections on the z axis fall within
the inerval from v, to v, + dv,, while the
moduli of perpendicular velocity components
fall within the inerval from v, tov,; +dv .
The mass of each molecule is m, and the

temperature is 7.

| e |


https://dl.doubtnut.com/l/_RPTykCHizilA
https://dl.doubtnut.com/l/_43XoBvOPf6Om

& watch Video Solution I

30. Using the Maxwell distribution function,
calculate the mean velocity projection (v,)
and the mean value of the modules of this
projection < < |v,| > > if the mass of
each molecule is equal to m and the gas

temperature is T'.

° Watch Video Solution



https://dl.doubtnut.com/l/_43XoBvOPf6Om
https://dl.doubtnut.com/l/_mPaEBP3k1Xh4

31. From the Maxwell distribution function
frind < < v2 > >, the mean value of the
squared v, projection of the molecular
velocity in a gas at a temperature T'. The mass

of each molecule is equal to m.

o Watch Video Solution

32. Making use of the Maxwell distribution
function, calculate the number v of gas

molecules reaching a unit area of a wall per


https://dl.doubtnut.com/l/_E46dZUbSmodQ
https://dl.doubtnut.com/l/_LgeWDcQ9wfou

unit time, if the concentration of molecules is
equal to n, the temperature to T, and the

mass of each molecule is m.

° Watch Video Solution

33. Using the Maxwell distribution function,
determine the pressure exterted by gas on a
wall, if the gas temperature is T' and the

concentration of molecules is n.

° Watch Video Solution



https://dl.doubtnut.com/l/_LgeWDcQ9wfou
https://dl.doubtnut.com/l/_PS2UK1EWxPW7
https://dl.doubtnut.com/l/_GKat8Aw2bJvL

34. Making use of the Maxwell distribution
function, find < < 1/v > >, the mean
value of the reciprocal of the velocity of
molecules in an ideal at a temperature T, it
the mass of eacd molecule is equal to m.
Compare the value obtained with the

reciprocal of the mean velocity.

o Watch Video Solution

35. A gas consists of molecules of mass m and

is at a temperature 7. Making use of the


https://dl.doubtnut.com/l/_GKat8Aw2bJvL
https://dl.doubtnut.com/l/_sAi6AdBn51xa

Maxwell velocity distribution function, find the
corresponding distribution of the molecules
over the kinetic energies e. Determine the
most probable value of a gas the kinetic
energy €,. Does ¢, correspond to the most

probable velocity ?

o Watch Video Solution

36. What fraction of monatomic molecules of a

gas a in a thermal equilibrium possesses


https://dl.doubtnut.com/l/_sAi6AdBn51xa
https://dl.doubtnut.com/l/_WZ8eluVkN0zN

kinetic energies differenting from the mean

value by on = 1.0 % and less ?

° Watch Video Solution

37. What fraction of molecules in a gas at a
temperature T' has the kinetic energy of
translational motion exceeding ¢, if

gg > > kT'7?

o Watch Video Solution



https://dl.doubtnut.com/l/_WZ8eluVkN0zN
https://dl.doubtnut.com/l/_lYZbrxGOChXM

38. The velocity distribution of molecules in a
beam coming out of a hole in a vessel is
described by the function
F(v) = Av’e ™ /2T where T is the
temperature of the gas in the vessel. Find the
most probable values of

(a) the velocity of the molecules in the beam,
compare the result obtained with the most
probable velocity of the molecules in the
vessel ,

(b) the kinetic energy of the molecules in the

beam.


https://dl.doubtnut.com/l/_ipTsNT16TayN

° Watch Video Solution

39. An ideal gas consisting of molecules of
mass m with concentration m has a
temperature T'. Using the Maxwell distribution
function, find the number of molecules
reaching a unit area of a wall at the angles
between 6 and 6 + df to its normal per unit

time.

° Watch Video Solution



https://dl.doubtnut.com/l/_ipTsNT16TayN
https://dl.doubtnut.com/l/_M4gRy13hsX5D
https://dl.doubtnut.com/l/_UZKV50tlx9xV

40. From the conditions of the foregoing
problem find the number of molecules
reaching a unit area of a wall with the
velocities in the interval from v to v 4 dv per

unit time.

o Watch Video Solution

41. Find the force exerted on a particle by a
uniform field if the concentrations of these
particles at two levels separated by the

distance Ah = 30cm (along the field) differ


https://dl.doubtnut.com/l/_UZKV50tlx9xV
https://dl.doubtnut.com/l/_LF5ARfLmOTmX

by n = 2.0 times. The temperature of the

system is equal to T' = 280K.

o Watch Video Solution

42. When examining the suspended gamboge
droplets under a microscope, their average
numbers in the layers separated by the
distance h = 40um, and their density exceeds
that of the surrounding fluid by
Ap:O.ZOg/cm3. Find Avogadro's number

from these data.

| e |


https://dl.doubtnut.com/l/_LF5ARfLmOTmX
https://dl.doubtnut.com/l/_qwyVWnB0L15B

& watch Video Solution I

43. Suppose that 7, is the ratio of the
molecular concentration of hydrogen to that
of nitrogen at the Earth's surface, while 7 is
the corresponding ratio at the height
h = 3000m. Find the ratio n/m, at the
temperature T' = 280K, assuming that the
temperature and the free fall acceleration are

independent of the height.

° Watch Video Solution



https://dl.doubtnut.com/l/_qwyVWnB0L15B
https://dl.doubtnut.com/l/_5sInx28omB3m
https://dl.doubtnut.com/l/_fuSCGMVShnG1

44, A tall vertical vessel contains a gas
composed of two kinds of molecules of masses
my; and my . With my > my. The
concentrations of these molecules at the
bottom of the vessel are equal to n; and n,
respectively, with mns > n;. Assuming the
temperature T' and the free-fall acceleration g
to be independent of the height, find the
height at which the concentrations of these

kinds of molecules are equal.

O Watch Video Solution



https://dl.doubtnut.com/l/_fuSCGMVShnG1

45, A very tall vertical cylinder contains carbon
dioxide at a certain temperature T'. Assuming
the gravitational field to be uniform, find how
the gas pressure on the bottom of the vessel
will change when the gas temperature

increases 7 times.

o Watch Video Solution

46. A very tall vertical cylinder contains a gas

at a temperature true 7. Assuming the


https://dl.doubtnut.com/l/_qRHAAx3DVM83
https://dl.doubtnut.com/l/_8F8o2o1cuFqu

gravitational field to be uniform, find the mean
value of the potential energy of the gas
molecules. Does this value depend on whether
the gas consists of one kind of molecules or of

serveral kinds ?

o Watch Video Solution

47. A horizontal tube of length [ = 100cm
closed form both ends is displaced lengthwise
with a constant acceleration w. The tube

contains argon at a temperature T' = 300K.


https://dl.doubtnut.com/l/_8F8o2o1cuFqu
https://dl.doubtnut.com/l/_Bd0DxOl6wt8E

At what value of w will the argon

concentrations at the tube's ends differ by

n=10% ?

o Watch Video Solution

48. Find the mass of a mole of colloid particles
if during their centrifuging with an angular
velocity w about a \vertical axis the
concentration of the particles at the distance
r9 from the rotation axis is 7 times greater

than that at the distance r; (in the same


https://dl.doubtnut.com/l/_Bd0DxOl6wt8E
https://dl.doubtnut.com/l/_DCGwaR37ngN6

horizontal plane). The densities of the
particles and the solvent are equal to p and to

po respectively.

o Watch Video Solution

49. A horizontal tube with closed ends is
rotated with a constant angular velocity w
about a vertical axis passing through one of
its ends. The tube contains carbon dioxide at a
temperature 7' = 300K. The length of the

tube is [ = 100cm. Find the value w at which


https://dl.doubtnut.com/l/_DCGwaR37ngN6
https://dl.doubtnut.com/l/_Gl6p7HthmBhc

the ratio of molecular concentrations at the

opposite ends of the tube is equal to n = 2.0.

o Watch Video Solution

50. The potential energy of gas molecules in a
certain certral field depends on the distance r
from the field's centre as u(r) = ar , where a
is a positive constant. The gas temperature is
T, the concentration of molecules at the
centre of the field is ng Find :

(a) the number of molecules located at the


https://dl.doubtnut.com/l/_Gl6p7HthmBhc
https://dl.doubtnut.com/l/_5x6eVeLsw8a7

distances between r and r + dr from the
centre of the field ,

(b) the most probable distance separating the
molecules from the centre of the field ,

( c) the fraction of molecules located in the
spherical layer between r and r + dr,

(d) how many times the concentration of
molecules in the centre of the field will change

if the temperature decreases 7) times.

o Watch Video Solution



https://dl.doubtnut.com/l/_5x6eVeLsw8a7

51. From the conditions of the foregoing
problem find :

(a) the number of molecules whose potential
energy lies within the internal from U to
U+ dU,

(b) the most probable value of the potential
energy of a molecule , compare this value with
the potential energy of a molecule located at

its most probable distance from the centre of

the field.

o Watch Video Solution



https://dl.doubtnut.com/l/_VZy9DbuIvoJA

The Second Law Of Thermodynamics Entropy

1. 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 ?

° Watch Video Solution

2. Hydrogen is used in a Carnot cycle as a

working substance. Find the efficiency of the


https://dl.doubtnut.com/l/_FFaLnIqlAvft
https://dl.doubtnut.com/l/_1VkKgOMJ3Zno

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.

° Watch Video Solution

3. A heat engine employing a carnot cycle with
an efficiency of n=10% is used as a
refrigerating machine, the thermal reservoirts
being the same. Find its refrigerating

efficiency e.

° Watch Video Solution



https://dl.doubtnut.com/l/_1VkKgOMJ3Zno
https://dl.doubtnut.com/l/_K5XWARyX79h0

4. An ideal gas goes through a cycle consisting
of alternate isothermal and adiabatic curves
(Fig. 2.2). The isothermal processes proceed at
the temperatures 17,75 and T3. Find the
efficiency of such a cycle, if in each isothermal

expansion the gas volume increases in the


https://dl.doubtnut.com/l/_K5XWARyX79h0
https://dl.doubtnut.com/l/_aroPDUdO8m7d

same alphaortion.

SR

Ny

o Watch Video Solution

5. 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


https://dl.doubtnut.com/l/_aroPDUdO8m7d
https://dl.doubtnut.com/l/_43Ant4r79ma0

within the cycle. The working substance is

nitrogen.

° Watch Video Solution

6. 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 v.

° Watch Video Solution



https://dl.doubtnut.com/l/_43Ant4r79ma0
https://dl.doubtnut.com/l/_ghcRjAql24lH
https://dl.doubtnut.com/l/_OwrhU4NX7jDD

7. An ideal gas whose adiabatic exponent
equals v 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 a
isochoric heating and in the isobaric

expansion.

° Watch Video Solution

8. An ideal gas goes through a cycle consisting

of


https://dl.doubtnut.com/l/_OwrhU4NX7jDD
https://dl.doubtnut.com/l/_V1gOBIvgIOZo

(a) isochoric, adiabatic, and isothermal lines ,
(b) isobaric, adiabatic, and isothermal lines,
with the isothermal process proceeding at the
minimum temperature of the whole cycle. Find
the efficiency of each cycle if the absolute

temperature varies n — fold within the cycle.

o Watch Video Solution

9. The condition are the same as in the

foregoing problem with the exception that the


https://dl.doubtnut.com/l/_V1gOBIvgIOZo
https://dl.doubtnut.com/l/_oMp6j5kYF5ew

isothermal process proceeds at the maximum

temperature of the whole cycle.

° Watch Video Solution

10. An ideal gas goes through a «cycle
consisting of isothermal, polytropic, and
adiabatic lines, with the isothermal process
proceeding at the maximum temperature of
the whole cycle. Find the efficiency of such a
cycle if the absolute temperature varies

n — fold within the cycle.

| |


https://dl.doubtnut.com/l/_oMp6j5kYF5ew
https://dl.doubtnut.com/l/_VVNzksc3T9ny

& Wwatch Video Solution I

11. An ideal gas with the adiabatic exponent -y
goes through a direct (clockwise) cycle
conisting of adiabatic, isobaric, and isochoric
lines. Find the efficiency of the cycle if in the
adiabatic process the volume of the ideal gas.
(a) increases n-fold ,

(b) decreases n-fold.

O Watch Video Solution



https://dl.doubtnut.com/l/_VVNzksc3T9ny
https://dl.doubtnut.com/l/_iqDw6Iotf8yN

12. Calculate the efficiency of a cycle consisting
of isothermal, isobaric, and isochoric line, if in
the isothermal process the volume of the ideal
gas with the adiabatic exponent ~.

(a) increased n — fold ,

(b) decreases n — fold.

o Watch Video Solution

13. Find the efficiency of a cycle consisting of

two isochoric and two isothermal lines if the


https://dl.doubtnut.com/l/_LyzDFdfvl08C
https://dl.doubtnut.com/l/_WvUSOLnR9EBa

volume varies v — fold and the absolute
temperature 7 — fold within the cycle. The
working substance is an ideal gas with the

adiabatic exponent +.

° Watch Video Solution

14. 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


https://dl.doubtnut.com/l/_WvUSOLnR9EBa
https://dl.doubtnut.com/l/_iYwa1QPtpXVI

working substance is an ideal gas with the

adiabatic exponent +.

° Watch Video Solution

15. An ideal gas with the adiabatic exponent -y
goes through a cycle (Fig. 2.3) within which the

absolute temperature varies 7 — fold. Find


https://dl.doubtnut.com/l/_iYwa1QPtpXVI
https://dl.doubtnut.com/l/_WC4e66psH2bb

the efficiency of this cycle.

y

o Watch Video Solution

16. Making use of the Clausius inequality,
demonstrate that all cycles having the same

maximum temperature T',.. and the same


https://dl.doubtnut.com/l/_WC4e66psH2bb
https://dl.doubtnut.com/l/_LJfTId26g3QP

minimum temperature T';, are less efficient

compared to the Carnot cycle with the same

Tmax and Tmin .

o View Text Solution

17. Making use of the Carnot theorem, show
that in the same of physically uniform
substance whose state is defined by the
parameters T'and V

(9U/8V), = T(dp/ dT), — p

where U(T, V) is the internal energy of the


https://dl.doubtnut.com/l/_LJfTId26g3QP
https://dl.doubtnut.com/l/_aUuxj9TNW5H3

substance.
Consider the infinitesmal Carnot cycle in the

variables p, V.

° Watch Video Solution

18. Find the emtropy increment of one mole of
carbon dioxide when its absolute temperature
increases n = 2.0 times if the process of
heating is

(a) isochoric,


https://dl.doubtnut.com/l/_aUuxj9TNW5H3
https://dl.doubtnut.com/l/_LHylo7XtcgUn

(b) isobaric.

The gas is to be regarded a ideal.

° Watch Video Solution

19. The entropy of v = 4.0 moles of an ideal
gas increases by AS = 23J/K due to the
isothermal expansion. How many times should
the volume v = 4.0 moles of the gas be

increased ?

° Watch Video Solution



https://dl.doubtnut.com/l/_LHylo7XtcgUn
https://dl.doubtnut.com/l/_3ZHbxoUcHl3j
https://dl.doubtnut.com/l/_RDJzxYwVX2fz

20. Two moles of an ideal gas are cooled
isochorically and then expanded isobarically to
lower the gas temperature back to the initial
value. Find the entropy increment of the gas if
in this process the gas pressure changed

n = 3.3 times.

o Watch Video Solution

21. Helium of mass m = 1.7g is expanded
adiabatically mn = 3.0 times and then

compressed isobarically down to the initial


https://dl.doubtnut.com/l/_RDJzxYwVX2fz
https://dl.doubtnut.com/l/_Tqgd8bWleEiF

volume. Find the entropy increment of the gas

in this process.

o Watch Video Solution

22. Find the entropy increment of v = 2.0
moles of an ideal gas whose adiabatic
exponent v = 1.30 if, as a result of a certain
process, the gas volume increased a = 2.0
times while the pressure dropped B = 3.0

times.

o Watch Video Solution



https://dl.doubtnut.com/l/_Tqgd8bWleEiF
https://dl.doubtnut.com/l/_RDnUy5KMxUWI

23. Vessels 1 and 2 contain v = 1.2 moles of
gaseous helium. The ratio of the vessels'
volumes V5 /V; = a = 2.0, and the ratio of
the absolute temperatures of helium in them
T, /T, = B = 1.5. Assuming the gas be to
ideal, find the difference of gas entropies in

these vessels, S5 — 5].

o Watch Video Solution



https://dl.doubtnut.com/l/_RDnUy5KMxUWI
https://dl.doubtnut.com/l/_JAgoNOIHyj3b

24. One mole of an ideal gas with the adiabatic
exponent v goes through a polytropic process
as a result of which the absolute temperature
of the gas increases 7 — fold. The polytropic
constant equal n. Find the entropy increment

of the gas in this process.

o Watch Video Solution

25. The expansion process of v = 2.0 moles of

argon proceeds so that the gas pressure


https://dl.doubtnut.com/l/_Mb1PCIExqxTF
https://dl.doubtnut.com/l/_XVbomMwBss55

increases in direct alphaortion to its volume.
Find the entropy increment of the gas in this
process provided its volume increases a = 2.0

times.

o Watch Video Solution

26. An ideal gas with the adiabatic exponent -y
goes through a process p = py, — aV, where
po and « are positive constants, and V is the
volume. At what volume will the gas entropy

have the maximum value ?

| e |


https://dl.doubtnut.com/l/_XVbomMwBss55
https://dl.doubtnut.com/l/_j32eoEJ37QeZ

& Watch Video Solution I

27. One mole of an ideal gas goes through a
process in which the entropy of the gas
changes with temperature T as
S =aTl + CylnT, where a is a positive
constant. O, is the molar heat capacity of this
gas at constant volume. Find the volume

dependence of the gas temperature in this

process if T' =Ty at V = V.

° Watch Video Solution



https://dl.doubtnut.com/l/_j32eoEJ37QeZ
https://dl.doubtnut.com/l/_1vMPmlO5Qgoy
https://dl.doubtnut.com/l/_mD2pJtlrKqZh

28.Find the entropy increment of one mole of
a Van der Waals gas due to the isothermal
variation of volume from V; to V5. The Van der

Walls corrections are assumed to be known.

O Watch Video Solution

29. One mole of a Van der Waals gas which had
initially the volume V; and the temperature T}
was transferred to the state with the volume
Vo and the temperature 7T5;. Find the

corresponding entropy increment of the gas,


https://dl.doubtnut.com/l/_mD2pJtlrKqZh
https://dl.doubtnut.com/l/_dPbIhIHgm7ZA

assuming its molar heat capacity Cy to be

known.

° Watch Video Solution

30. At very low temperatures the heat capacity
of crystals os equal to C' = aT"®, where a is a
constant. Find the entropy of a crystal as a
function of temperature in this temperature

interval.

° Watch Video Solution



https://dl.doubtnut.com/l/_dPbIhIHgm7ZA
https://dl.doubtnut.com/l/_uj0exgcOcdds
https://dl.doubtnut.com/l/_rWqq1KZf1eOR

31. Find the entropy increment of an
aluminium bar of mass m = 3.0kg on its
heating from the temperature 77 = 300K up
to T5 = 600K if in this temperature interval
the specific heat capacity of aluminimum

varies as c=a + bT, where

a=0.77J/(g9. K), b= 0.46mJ / (g. k*).

o Watch Video Solution

32. In some process the temperature of a

substance depends on its entropy S as


https://dl.doubtnut.com/l/_rWqq1KZf1eOR
https://dl.doubtnut.com/l/_AJCXaZCyFJZD

T = aS", where a and n are constants. Find
the corresponding heat capacity C' of the
substance as a function of S. At what

conditionis C < 07?

o Watch Video Solution

33. Find the temperature T as a function of
the entropy S of a substance for a polytropic
process in which the heat capacity of the
substance equal C. The entropy of the

substance is known to be equal to S; at the


https://dl.doubtnut.com/l/_AJCXaZCyFJZD
https://dl.doubtnut.com/l/_995gqlGkz63O

temperature Tj,. Draw the approximate plots

T(S) forC > 0and C < 0.

o Watch Video Solution

34. One mole of an ideal gas with heat
capacity Cy, goes through a process in which
its entropy S depends on T as S =a/T,
where « is a constant. The gas temperature
varies from 17 to 15 Find :

(a) the molar heat capacity of the gas as

function of its temperature,


https://dl.doubtnut.com/l/_995gqlGkz63O
https://dl.doubtnut.com/l/_9EKOMJCqjAOZ

(b) the amount of heat transferred to the gas,

( ¢) the work performed by the gas.

o Watch Video Solution

35. A working substance goes through a cycle
within which the absolute temperature varies
n — fold, and the shape of the cycle is shown
in

(a) Fig.a,

(b) Fig. b, where T is the absolute

temperature, and S the entropy. Find the


https://dl.doubtnut.com/l/_9EKOMJCqjAOZ
https://dl.doubtnut.com/l/_H3s8jaQQwnuX

efficiency of each cycle.

7

(@)

S
©

o Watch Video Solution



https://dl.doubtnut.com/l/_H3s8jaQQwnuX

36. One of the two thermally insulated vessels
inferconnected by a tube with a valve contains
v = 2.2 moles of an ideal gas. The other vessel
if evacuated. The valve having been opened,
the gas increased its volume n = 3.0 times.

Find the entropy increment of the gas.

o Watch Video Solution

37. A weightless piston divides a thermally

insulated cylinder into two equal parts. One


https://dl.doubtnut.com/l/_0tEFGDbcVJXr
https://dl.doubtnut.com/l/_KsXFJqANdhxd

part contains one mole of an ideal gas with
adiabatic exponent +, the other is evacuated.
The initial gas temperature is Tj. The piston is
released and the gas fills the whole volume of
the cylinder. Then the piston is slowly
displaced back to the initial position. Find the
increment of the internal energy and entropy
of the gas was resulting from these two

processes.

o Watch Video Solution



https://dl.doubtnut.com/l/_KsXFJqANdhxd

38. An ideal gas was expanded from these
initial state to the volume V without any heat
exchange with the surrounding bodies. Will
the final gas pressure be the same in the case
of

(a) a fast and in the case of

(b) a very slow expansion process ?

o Watch Video Solution



https://dl.doubtnut.com/l/_guq4wr4MJKQB

39. A thermally insulated vessel is partitioned
into two parts so that the volume of one part
is n = 2.0 times greater than that of the
other. The smaller part contains v; = 0.30
mole of nitrogen, and the greater one
v9 = 0.70 mole of oxygen. The temperature of
the gases is the same. A hole is punctured in
the partition and the gases are mixed. Find
the corresponding increment of the system's

entropy, assuming the gases to be ideal.

o Watch Video Solution



https://dl.doubtnut.com/l/_WqV1nyglWBSL

40. A piece of copper of mass m; = 300g with
initial temperature t; = 97°C'is placed into a
calorimeter in which the water of mass
my = 100g is at a temperature t, = 7°C.
Find the entropy increment of the system by
the moment the temperature t, = 7°C. Find
the entropy increment of the system by the
moment the temperatures equalize. The heat
capacity of the calorimeter itself is negligibly

small.

o Watch Video Solution



https://dl.doubtnut.com/l/_2AuKNbobbMP7

41. Two identical thermally insulated vessels
interconnected by a tube with a valve contain
one mole of the same ideal gas each. The gas
temperature in one vessel is equal to 77 and
in the other, T5. The molar heat capacity of the
gas of constant volume equals C,,. the valve
having been opened, the gas comes to a new
equilibrium state. Find the entropy increment

AS of the gas. Demonstrate that AS > 0.

° Watch Video Solution



https://dl.doubtnut.com/l/_bdo3D2RNjHEc
https://dl.doubtnut.com/l/_d4jE4vWiOJ6j

42. N atoms of gaseous helium are enclosed
in a cubic vessel of volume 1.0cm® at room
temperature. Find :

(a) the probability of atoms gathering in one
half of the vesse

(b) the approximate numerical value of NN
ensuring the occurrence of this event within
the time interval ~ 10% years (the age of the

Universe).

o Watch Video Solution



https://dl.doubtnut.com/l/_d4jE4vWiOJ6j

43. Find the statistical weight of the most
probable distribution of N = 10 identical
molecules over two halves of the cylinder's
volume. Find also the probability of such a

distribution.

o Watch Video Solution

44, A vessel contains N molecules of an ideal
gas. Dividing mentally the vessel into two

halves A and B, find the probability that the


https://dl.doubtnut.com/l/_pKHivEu7BRoc
https://dl.doubtnut.com/l/_taWITKcwKSsd

half A contains n molecules. Consider the

caseswhen N =5andn =0,1, 2, 3, 4, 5.

° Watch Video Solution

45. A vessel of volume 1V, contains IN molecule
of an ideal gas. Find the probability of n
molecules getting into a certain separated
part of the vessel of volume V. Examine, in

particle,the case V = V /2.

° Watch Video Solution



https://dl.doubtnut.com/l/_taWITKcwKSsd
https://dl.doubtnut.com/l/_RDJCKrGoFr19
https://dl.doubtnut.com/l/_nkexFXvxLoJB

46. An ideal gas in under standard conditions.
Find the diameter of the sphere within whose
volume the relative fluctuation of the number
of molecules is equal to n = 1.0.10 %. What is
the average number of molecules inside such

a sphere ?

o Watch Video Solution

47. One mole of an ideak gas consisting of
monatomic molecules is enclosed in a vessel

at a temperature Ty = 300K. How many times


https://dl.doubtnut.com/l/_nkexFXvxLoJB
https://dl.doubtnut.com/l/_eRwqlnPGTVif

and in what way will the statistical weight of
this system (gas) vary if it heated isochorically

by AT = 1.0K ?

o Watch Video Solution

Liquids Capillary Effects

1. Find the capillary pressure
(@) in mercury droplets of diameter
d = 1.bum,

(b) inside a soap bubble diameter d = 3.0mm


https://dl.doubtnut.com/l/_eRwqlnPGTVif
https://dl.doubtnut.com/l/_cxioOSG5KOob

if the surface tension of the soap water

solution is a = 45mN /m.

° Watch Video Solution

2.In the bottom of a vessel with mercury there
is a round hole of diameter d = 7T0um. At
what maximum thickness of the mercury layer
will the liquid still not flow out through this

hole ?

° Watch Video Solution



https://dl.doubtnut.com/l/_cxioOSG5KOob
https://dl.doubtnut.com/l/_9O9ntdDarpTs
https://dl.doubtnut.com/l/_PgwDNjtwLWlV

3. A vessel filled with air under pressure pg
contains a soap bubble of diameter d. The air
pressure having been reduced isothermally
n — fold, the bubble diameter increased
n — fold. Find the surface tension of the soap

water solution.

o Watch Video Solution

4. An air bubble of diameter d = 4um is

located in water at a depth h = 5.0m


https://dl.doubtnut.com/l/_PgwDNjtwLWlV
https://dl.doubtnut.com/l/_ZOY00Zz6I0LO

considering standard atmospheric pressure at

1 atm, find the pressure in the air-bubble?

o Watch Video Solution

5. The diameter of an air-bubble formed at the
bottom of a pond is d = 4um, when the
bubble rises to the surface, its diameter
increases n = 1.1 times. If expansion of air
bubble is assumed to be isothermal and

atmospheric pressure to be standard. How


https://dl.doubtnut.com/l/_ZOY00Zz6I0LO
https://dl.doubtnut.com/l/_IakJtklhvcua

deep the pond at the spot is [surface tension

of water 0.075£]
m

° Watch Video Solution

6. Find the difference in height of mercury
columns in two communicating vertical
capillaries whose diameters are d; = 0.50mm
and dy = 1.00mm, if the constant angle

6 = 138°.

° Watch Video Solution



https://dl.doubtnut.com/l/_IakJtklhvcua
https://dl.doubtnut.com/l/_WnEn7E4C2dni
https://dl.doubtnut.com/l/_nY7a89Ui6L6u

7. A vertical capillary tube with inside diameter
0.50mm is submerged into water so that the
length of its part emerging outside the water
surface is equal to 25mm. Find the radius of

curvature of the meniscus. Surface tension of

water is 73 x 103N /m.

o Watch Video Solution

8. A galss capillary length [ = 11cm and inside
diameter d = 20um is submerged vertically

into water. The upper end of the capillary is


https://dl.doubtnut.com/l/_nY7a89Ui6L6u
https://dl.doubtnut.com/l/_Bpg49so0fUm3

sealed. The outside pressure is considered to
£ IV

be 1 x 10 — - To what length has the
m

capillary to be submerged to make the water

levels inside and outside the capillary

coincide?

o Watch Video Solution

9. When a vertical capillary of length [ with a
sealed upper end was brought in contact with
the surface of a liquid, the level of this liquid

rose to the height h. The liquid density is p,


https://dl.doubtnut.com/l/_Bpg49so0fUm3
https://dl.doubtnut.com/l/_UzgqZTqASJrP

the inside diameter the capillary is d, the
contact angle is 6, the atmospheric pressure is
po- Find the surface tension of the liquid.
(Temperature in this process remains

constant.)



https://dl.doubtnut.com/l/_UzgqZTqASJrP

° Watch Video Solution

10. A glass rod of diameter d; = 1.5mm in
inserted symmetrically into a glass capillary
with inside diameter dy = 2.0 mm. Then the
whole arrangement is vertically oriented and
brought in contact with the surface of water.
To what height will the liquid rise in the
capillary?

Surface tension of water = 73 x 10 °N /m

° Watch Video Solution



https://dl.doubtnut.com/l/_UzgqZTqASJrP
https://dl.doubtnut.com/l/_TYiJ3Tlepydf

11. Two vertical plates submerged partially in a
wetting liquid form a wedge with a very small
angle dp. The edge of this wedge is vertical.
The density of the liquid is p, its surface
tension is a, the contact angle is 6. Find the
height h, to which the liquid rises, as a

function of the distance  from the edge.

o Watch Video Solution



https://dl.doubtnut.com/l/_o80mfobBjgrv

12. A vertical water jet flows out of a round
hole. One of the horizontal sections of the jet
has the diameter d = 2.0mm while the other
section section located | = 20mm lower has
the diameter which is n = 1.5 times less. Find
the volume of the water flowing from the hole

each second.

o Watch Video Solution



https://dl.doubtnut.com/l/_TOgHndW2lvi5

13. A water drop falls in air with a uniform
velocity. Find the difference between the
curvature radii of the drop's surface at the
upper and lower points of the drop separated

by the distance h = 2.3mm.

o Watch Video Solution

14. A mercury drop shaped as a round tablet of
radius R and and thickness h is located

between two horizontal glass plates.


https://dl.doubtnut.com/l/_deV9Xvs2R7Eh
https://dl.doubtnut.com/l/_DnjDmp7fp0XZ

Assuming that A < < R, find the mass m of
a weight which has to be placed on the upper
plate to diminish the distance between the

plates n-times. The contact angle equals 6.

Calculate m if
R = 2.0cm, h = 0.38mm, n = 2.0, and
0 = 135°.

o Watch Video Solution

15. Find the attractive force is newton between

two parallel glass plates, separated by a


https://dl.doubtnut.com/l/_DnjDmp7fp0XZ
https://dl.doubtnut.com/l/_sTksdOp8vbgK

distance h = 0.1mm after a water drop of
mass m = 70mg was introduced between
them. Assume wetting to be complete and

surface tension of water, ' = 70 dyne/cm

o Watch Video Solution

16. Two glass discs of radius R = 5.0cm were
wetted with water and put together so that
the thickness of the water layer between them
was h = 1.9um. Assuming the wetting to be

complete. Find the force that has to be


https://dl.doubtnut.com/l/_sTksdOp8vbgK
https://dl.doubtnut.com/l/_z59RLwuEGlYS

applied at right angles to the plates in order

to pull them apart.

o Watch Video Solution

17. Two vertical parallel glass plates are
partically submerged in water. The distance
between the plates is d = 0.10mm, and their
width is [ = 12¢m assuming that the water
between the plates does not reach the upper

edges of the plates and the wetting is


https://dl.doubtnut.com/l/_z59RLwuEGlYS
https://dl.doubtnut.com/l/_gCZ68kdh5nvC

complete. Find the force of their mutual

attraction

° Watch Video Solution

18. Find the lifetime of a soap bubble of radius
R connected with the atmosphere through a
capillary of length [ and inside radius r. The
surface tension is a, the viscosity coefficient of

the gas is 7.

° Watch Video Solution



https://dl.doubtnut.com/l/_gCZ68kdh5nvC
https://dl.doubtnut.com/l/_djdTfq7j8Xey
https://dl.doubtnut.com/l/_69lGF7oAh17v

19. A vertical capillary is brought in contact
with the water surface. What amount of heat
is liberated while the water rises along the
capillary ? The wetting is assumed to be

complete, the surface tension equals a.

o Watch Video Solution

20. Find the free energy of the surface layer of
a mercury droplet of diameter d = 1.4mm

(b) a soap bubble of diameter d = 6.0mm if


https://dl.doubtnut.com/l/_69lGF7oAh17v
https://dl.doubtnut.com/l/_XISP41xwiGQM

the surface tension of the soap water solution

is equal to a = 4bmN /m.

° Watch Video Solution

21. Find the increment of the free energy of
the surface layer when two identical mercury
droplets, each of diameter d = 1.5mm, merge

isothermally.

o Watch Video Solution



https://dl.doubtnut.com/l/_XISP41xwiGQM
https://dl.doubtnut.com/l/_Hap8rxm4pg0Z

22. Find the work to be performed in order to
blow a soap bubble of radius R if the outside
air pressure is equal to p, and the surface
tension of the soap water solution is equal to

Q.

o Watch Video Solution

23. A soap bubble of radius r is inflated with
an ideal gas. The atmospheric pressure is py,

the surface tension of the soap water solution


https://dl.doubtnut.com/l/_SIIEodO2MtkC
https://dl.doubtnut.com/l/_oO1pPrlx5xum

is a. Find the difference between the molar
heat capacity of the gas during its heating
inside the bubble and the molar heat capacity

of the gas under constant pressure, C — C,,.

O Watch Video Solution

24. Considering the Carnot cycle as applied to
a liquid film, show that in an isothermal
process the amount of heat required for the

formation of a unit area of the surface layer is

equal to ¢ = — T.da/dT where da /dT is


https://dl.doubtnut.com/l/_oO1pPrlx5xum
https://dl.doubtnut.com/l/_7Lcv9wBgcYaF

the temperature derivative of the surface

tension.

o Watch Video Solution

25. The surface of a soap film was increasedd
isothermallly by Ao at a temperature T.
Knowing the surface tension of the soap water
solution a and the temperature coefficient
da /dT, find the increment.

(a) of the entropy of the film's surface layer,

(b) of the internal energy of the surface layer.

| |


https://dl.doubtnut.com/l/_7Lcv9wBgcYaF
https://dl.doubtnut.com/l/_Ah2Dv5Nrz4M5

& Wwatch Video Solution I

Phase Transformations

1. A saturated water vapour is contained in a

cylindrical vessel under a weightless piston at
a temperature t = 100°C. As a result of a
slow introduction of the piston a small
fraction of the vapour Am = 0.70g gets
condensed. What amount of work was

perfomed over the gas ? The vapour is


https://dl.doubtnut.com/l/_Ah2Dv5Nrz4M5
https://dl.doubtnut.com/l/_R6Of3pEQJ8Za

assumed to be ideal, the volume of the liquid

is to be neglected.

o Watch Video Solution

2. A vessel of volume V' = 6.01 contains water
together with its saturated vapour under a
pressure of 40atm and at a temperature of
250° C. The specific volume of the vapour is
equal to V', =501/kg wunder these

conditions. The total mass of the system


https://dl.doubtnut.com/l/_R6Of3pEQJ8Za
https://dl.doubtnut.com/l/_8bZ1UXiRGoaR

water-vapour equals m = 5.0kg. Find the

mass and the volume of the vapour.

° View Text Solution

3. The saturated water vapour is inclosed in a
cylinder under a piston and occupies a volume
Vo = 5.01 at the temperature ¢t = 100°C.
Find the mass of the liquid phase formed after
the volume under the piston decreased
isothermally to V = 1.61. The saturated

vapour is assumed to be ideal.

| |


https://dl.doubtnut.com/l/_8bZ1UXiRGoaR
https://dl.doubtnut.com/l/_Cfs6xvFWDgty

| L ® Watch Video Solution

4. A volume occupied by a saturated vapour is
reduced isothermally n — fold. Find what
fraction n of the final volume is occupied by
the liquid phase if the specific volumes of the
saturated vapour and the liquid phase differ
by N times (N > n). Solve the same problem
under the condition that the final volume of
the substance corresponds to the midpoint of
a horizontal portion of the isothermal line in

the diagram p, V.



https://dl.doubtnut.com/l/_Cfs6xvFWDgty
https://dl.doubtnut.com/l/_a5s0iv7gZsOO

View Text Solution

5. An amount of water of mass m = 1.00kg,
boiling at standard atmospheric pressure,
turns completely into saturated vapour.
Assuming the saturated vapour to be an ideal
gas find the increment of entropy and internal

of the system.

° Watch Video Solution



https://dl.doubtnut.com/l/_a5s0iv7gZsOO
https://dl.doubtnut.com/l/_b5V2BSqQsVSK

6. Water of mass m = 20g is enclosed in a
thermally  insulated cylinder at the
temperature of 0°C' under a weightless
piston whose area is S = 410cm?. The outside
pressure is equal to standard atmospheric
pressure. To what height will the piston rise

when the water absorbs () = 20.0kJ of heat ?

o Watch Video Solution



https://dl.doubtnut.com/l/_CItFwNXjjzjk

7. One gram of saturated water vapour is
enclosed in a thermally insulated cylinder
ubder a weightless piston. The outside
pressure being standard, m = 1.0g of water is
introduced into the cylinder at a temperature
to = 22°C. Neglecting the heat capacity of
the cylinder and the friction of the piston
against the cylinder's walls, find the work
performed by the force of the atmospheric

pressure during the lowering of the piston.

o Watch Video Solution



https://dl.doubtnut.com/l/_Xbs6vomiUYs3

8. If an additional pressure Ap of a saturated
vapour over a convex spherical surface of a
liquid is considerably less than the vapour
pressure over a plane surface, then
Ap = (p, /p1)2a /7, where p, and p;) are the
densities of the vapour and the liquid, o is the
surface tension, and r is the radius of
curvature of the surface. Using this formula,
find the diameter of water droplets at which
the saturated vapour pressure exceeds the

vapour pressure over the plane surface by


https://dl.doubtnut.com/l/_6luv8zmJUYLW

n=1.0% at a temperature t = 27°C. The

vapour is assumed to be an ideal gas.

o Watch Video Solution

9. Find the mass of all molecules leaving one
square centimetre of water surface per second
into a saturated water vapour above it at a
temperature t = 100°C. It is assumed that
n=3.6% of all water vapour molecules
falling on the water surface are retained in the

liquid phase.

| e |


https://dl.doubtnut.com/l/_6luv8zmJUYLW
https://dl.doubtnut.com/l/_hwszdEfsDYVj

& Wwatch Video Solution I

10. Find the pressure of saturated tungsten
vapour at a temperature T = 2000K if a
tungsten filament is known to lose a mass
p=12-10""g/(s.cm?) from a unit area
per unit time when evaporating into high

vacuum at this temperature.

° Watch Video Solution



https://dl.doubtnut.com/l/_hwszdEfsDYVj
https://dl.doubtnut.com/l/_smzNQDx9AgZW

1. By what magnitude would the pressure
exterted by water on the walls of the vessel
have increased if the intermolecular attraction

forces had vanished ?

o Watch Video Solution

12. Find the internal pressure p; of a liquid if
its density p and specific latent heat of
vaporization g are known. The heat ¢q is

assumed to be equal to the work performed


https://dl.doubtnut.com/l/_gM5zMDDtr95p
https://dl.doubtnut.com/l/_U4IeMzyinbMK

against the forces of the internal pressure,
and the liquid obeys the Van der Waals

equation. Calculate p; in water.

o Watch Video Solution

13. Demonstrate that Egs. (2. 6a) and (2. 6b)
are valid for a substance, obeying the Van der
Qaals equation, in critical state

Make use of the fact that the critical state
corresponds to the point of inflection in the

isothermal curve p(V).

| e |


https://dl.doubtnut.com/l/_U4IeMzyinbMK
https://dl.doubtnut.com/l/_lFG6x0EGSfoi

& Wwatch Video Solution I

14. Calculate the Van der Waals constant for
carbon dioxide it its critical temperature

T., = 304K and critical pressure p.,, = 73atm

o Watch Video Solution

15. Find the specific volume of benzence

(CgHg) in critical state if its critical


https://dl.doubtnut.com/l/_lFG6x0EGSfoi
https://dl.doubtnut.com/l/_DKZHtTJr7p0m
https://dl.doubtnut.com/l/_dFHqY01LLuc3

temperature T,, = 562K and critical pressure

Peor = 47atm.

o Watch Video Solution

16. Write the Van der Waals equation via the
reduced parameters m, v and 7, having taken
the corresponding critical values for the units
of pressure, volume, and temperature. Using
the equation obtained, find how many times
the gas temperature exceeds its critical

temperature if the gas pressure is 12 times as


https://dl.doubtnut.com/l/_dFHqY01LLuc3
https://dl.doubtnut.com/l/_fStVbyiC9Wt3

high as critical pressure, and the volume of

gas is equal to half the critical volume.

° Watch Video Solution

17. Knowing the Van der Waals constant, find :
(a) the maximum volume which water of mass
m = 1.00kg can occupy in liquid state,

(b) the maximum pressure of the saturated

water vapour.

° Watch Video Solution



https://dl.doubtnut.com/l/_fStVbyiC9Wt3
https://dl.doubtnut.com/l/_wQzy6PKuxrE4
https://dl.doubtnut.com/l/_D6G5aIa2xlB6

18. Calculate the temperature and density of
carbon dioxide in critical state, assuming the

gas to be a Van der Waals one.

° Watch Video Solution

19. What fraction of the volume of a vessel
must liquid ether occupy at room temperature
in order to pass into crictical state when

critical temperature is reached ? Ether has

T, = 467K, p.. = 35.5atmpM = Tdg /mol.

l ° Watch Video Solution


https://dl.doubtnut.com/l/_D6G5aIa2xlB6
https://dl.doubtnut.com/l/_r1cM2s59Q0vk

20. Demonstrate that the straight line 1 — 5
corresponding to the isothermal-isobaric
phase isotherm so that areas I and II are

equal (Fig. 2.5).

p
4
I

”

o Watch Video Solution



https://dl.doubtnut.com/l/_r1cM2s59Q0vk
https://dl.doubtnut.com/l/_VEGVvPEyOYpz

21. What fraction of water supercooled down
to the temperature t= —20°C under
standard pressure turns into ice when the
system passes into the equilibrium state ? At
what temperature of the supercooled water

does it turn into ice completely ?

o Watch Video Solution

22. Find the increment of the ice melting

temperature in the vicinity of 0°C when the


https://dl.doubtnut.com/l/_YqDiG8SIxvys
https://dl.doubtnut.com/l/_kXmgnMnKeGuY

pressure is increased by Ap = 1.00atm. The
specific volume of ice exceeds that of water by

AV’ = 0.091cm? / g.

° Watch Video Solution

23. Find the specific volume of saturated water
vapour under standard pressure if a decrease
of pressure by A = 3.2kPa is known to
decrease the water boiling temperature by

AT = 0.9K.

° Watch Video Solution



https://dl.doubtnut.com/l/_kXmgnMnKeGuY
https://dl.doubtnut.com/l/_b5Zr4zbJTewY

24. Assuming the saturated water vapour to

be ideal, find its pressure at the temperature

101.1°C.

o Watch Video Solution

25. A small amount of water and its saturated
vapour are enclosed in a vessel at a
temperature ¢t = 100° C. How much (in per
cent) will the mass of the saturated vapour

increase if the temperature of the system goes


https://dl.doubtnut.com/l/_b5Zr4zbJTewY
https://dl.doubtnut.com/l/_5OCKI5dh9utW
https://dl.doubtnut.com/l/_Ztz3j6pxEQhu

up by AT = 1.5K ? Assume that the vapour
is an ideal gas and the specific volume of
water is negligible as compared to that

vapour.

o Watch Video Solution

26. Find the pressure of saturated vapour as a
function of temperature p(7) if a temperature
Ty its pressure equals py. Assume that : the
specific latent heat of vaporization ¢ is

independent of T', the specific volume of liquid


https://dl.doubtnut.com/l/_Ztz3j6pxEQhu
https://dl.doubtnut.com/l/_9XGq7RRDh0Z4

is negligible as compared to that of vapour,
saturated vapour obeys the equation of state
for an ideal gas. Investigate under what

conditions these assumptions are permissible.

O Watch Video Solution

27. An ice which was initially under standard
conditions was compressedup to the pressure
p = 640atm. Assuming the lowering of the ice
melting temperature to be a linear function of

pressure under the given conditions, find what


https://dl.doubtnut.com/l/_9XGq7RRDh0Z4
https://dl.doubtnut.com/l/_WcsIqq1ZVmla

fraction of the ice melted. The specific volume

of water is less than of ice by

AV’ = 0.09cm® /g.

o Watch Video Solution

28. In the vicinity of the triple point the
saturated vapour pressure p of carbon dioxide
depends on temperature T as log
p=1—b/T,where a and b are constants. If p
is expressed in atomspheres, then for the

sublimation processa = 9.05 and b = 1.80kK


https://dl.doubtnut.com/l/_WcsIqq1ZVmla
https://dl.doubtnut.com/l/_eS4tcV7hXmY8

, and for the vaporization process a = 6.78
and b = 1.31kK.Find :

(a) temperature and pressure at the triple
point,

(b) the values of the specific latent heats of
sublimation, vaporization, and melting in the

vicinity of the triple point.

o View Text Solution

29. Water of mass m = 1.00kg is heated from

the temperature t; =10°C up to


https://dl.doubtnut.com/l/_eS4tcV7hXmY8
https://dl.doubtnut.com/l/_cPkvgSrFPUYS

ts = 100°C at which it evaporated
completely. Find the entropy increment of the

system.

o Watch Video Solution

30. The ice with the initial temperature
t; = 0°C was first melted, then heated to the
temperature t, = 100°C' and evaporated.
Find the increment of the system's specific

entropy.

o Watch Video Solution



https://dl.doubtnut.com/l/_cPkvgSrFPUYS
https://dl.doubtnut.com/l/_qRz6SHtnypjI

31. A piece of copper of mass m = 90g at a
temperature t; = 90°C was placed in a
calorimeter in which ice of mass 50g was at a
temperature —3°C. Find the entropy
increment of the piece of copper by the

moment the thermal equilibrium is reached.

o Watch Video Solution

32. A chunk of ice of mass m; = 100g at a

temperature t; = 100g was at a temperature


https://dl.doubtnut.com/l/_qRz6SHtnypjI
https://dl.doubtnut.com/l/_mP537BtSmSgv
https://dl.doubtnut.com/l/_DGsSN3a8DFAA

ty. Assuming the heat capacity of the
calorimeter to be negligible, find the entropy
increment of the system by the moment the

thermal equilibrium is reached. Consider two

cases :
(@)t = 60°C,
(b) ty = 94°C.

o View Text Solution

33. Molten lead of mass m = 5.0g at a

temperature ty, = 327°C  (the melting


https://dl.doubtnut.com/l/_DGsSN3a8DFAA
https://dl.doubtnut.com/l/_81Jn2Wp9Jwkn

temperature of lead) was poured into a
calorimeter packed with a large amount of ice
at a temperature t; = 0° C. Find the entropy
increment of the system lead-ice by the
moment the thermal equilibrium is reached.
The specific latent heat of melting of lead is
equal to ¢ = 22.5J /g and its specific heat

capacity is equal to ¢ = 0.125J /(g. K).

o View Text Solution



https://dl.doubtnut.com/l/_81Jn2Wp9Jwkn

34. A water vapour filling the space under the
piston of a cylinder is compressed (or
expanded) so that it remaind saturated all the
time, being just on the verge of condensation.
Find the molar heat capacity C of the vapour
in this process as a function of temperature T,
assuming the vapour to be an ideal gas and
neglecting the specific volume of water in
comparion with that of vapour. Calculate C' at

a temperaturet = 100° C.

o Watch Video Solution



https://dl.doubtnut.com/l/_c8EDl0lS15hi

35. One mole of water being in equilibrium
with a negligible amount of its saturated
vapour at a temperature 77 was completely
converted into saturated vapour at a
temperature 75. Find the entropy increment of
the system. The vapour is assumed to be an
ideal gas, the specific volume of the liquid is
negligible on comparsion with that of the

vapour.

o Watch Video Solution



https://dl.doubtnut.com/l/_kr9XHNdHCxGm

Transport Phenomena

1. Calculate what fraction of gas molecules

(a) traverses without collisions the distances
exceeding the mean free path A\,

(b) has the free path values lying within the

inerval from \ to 2.

o Watch Video Solution

2. A narrow molecular beam makes its way into

a vessel filled with gas under low pressure.


https://dl.doubtnut.com/l/_KOk4YgmQwrtB
https://dl.doubtnut.com/l/_vJxoEeMKzxmF

Find the mean free path of molecules if the
beam intensity decreases n — fold over the

distance Al.

o Watch Video Solution

3. Let adt be the probability of a sgas
molecule experiencing a collision during the
time interval dt, a is a constant. Find :

(a) the probability of a molecule experiencing

no collisions during the time interval ¢,


https://dl.doubtnut.com/l/_vJxoEeMKzxmF
https://dl.doubtnut.com/l/_h69pfmORvwN2

(b) the mean time interval between successive

collisions.

o Watch Video Solution

4.Find the mean free path and the mean time
interval between successive collisions of
gaseous nitrogen molecules

(a) under standard conditions,

(b) at temperature t = 0°C and pressure
p = 1.0nPa (such a pressure can be reached

by means of contemporary vacuum pumps).

| |


https://dl.doubtnut.com/l/_h69pfmORvwN2
https://dl.doubtnut.com/l/_XVKh592c3Jlc

& Wwatch Video Solution I

5. How many times does the mean free path of
nitrogen molecules exceed the mean distance
between the molecules under standard

conditions ?

° Watch Video Solution

6. Find the mean free path of gas molecules

under standard conditions if the Van der


https://dl.doubtnut.com/l/_XVKh592c3Jlc
https://dl.doubtnut.com/l/_vZoQNdxEuZ1M
https://dl.doubtnut.com/l/_Rvf9xioCvuI8

Waals constant of this gas is equal to

b = 40ml /moal.

° Watch Video Solution

7. An acoustic wave alphaagates through
nitrogen under standard conditions. At what
frequency will the wavelength be equal to the

mean free path of the gas molecules ?

o Watch Video Solution



https://dl.doubtnut.com/l/_Rvf9xioCvuI8
https://dl.doubtnut.com/l/_xgCFTHgrpjB7

8. Oxygen is enclosed at the temperature 0°C
in a vessel with the characteristic dimension
[ = 10mm (this is the linear dimension
determining the character of a physical
process in question). Find :

(a) the gas pressure below which the mean
free path of the molecules A > [,

(b) the corresponding molecular
concentration and the mean distanace

between the molecules.

o Watch Video Solution



https://dl.doubtnut.com/l/_CCVs4LLPVz2Y

9. For the case of nitrogen under standard
conditions find :

(a) the mean number of collisions experienced
by each molecule per second,

(b) the total number of collisions occurring
between the molecules within 1lem?® of

nitrogen per second.

o Watch Video Solution



https://dl.doubtnut.com/l/_tBqS3eOvtbCh

10. How does the mean free path A and the
number of collisions of each molecule per unit
time v depend on the absolute temperature of
an ideal gas undergoing
(a) an isochoric process ,

(b) an isobaric process ?

o Watch Video Solution

11. As a result of some process the pressure of

an ideal gas increases n — fold. How many


https://dl.doubtnut.com/l/_FADuGPmgBFZE
https://dl.doubtnut.com/l/_AqrD3QXd62lA

times have the mean free path A and the
number of collisions of each molecule per unit
time v changed and how, if the process is

(a) isochoric,

(b) isothermal ?

o Watch Video Solution

12. An ideal gas consisting of rigid diatimic
molecules goes through an adiabatic process
process. How do the mean free path A and the

number of collisions of each molecule per


https://dl.doubtnut.com/l/_AqrD3QXd62lA
https://dl.doubtnut.com/l/_DYHCZ6Q25QBa

second v depend in this process on
(a) the volumeV ,
(b) the pressure p,

( ¢) the temperature T' ?

° Watch Video Solution

13. An ideal gas goes through a polytropic
process with exponent n. Find the mean free
path A and the number of collisions of each
molecule per second v as a function of

(a) the volume V ,


https://dl.doubtnut.com/l/_DYHCZ6Q25QBa
https://dl.doubtnut.com/l/_m2C71RUF5Qd1

(b) the pressure p,

( ¢) the temperature T'.

o Watch Video Solution

14. Determine the molar heat capacity of a
polytropic process through which an ideal gas
consisting of rigid diatomic molecules goes
and in which the number of collisions between
the molecules remains constant

(a) in a unit volume ,

(b) in the total volume of the gas.

| |


https://dl.doubtnut.com/l/_m2C71RUF5Qd1
https://dl.doubtnut.com/l/_1VHmqReoXNOf

& Watch Video Solution I

15. An ideal gas of molar mass M is enclosed
in a vessel of volume of V' whose thin walls are
kept at a constant temperature T. At a
moment £t =0 a small hole of area S is
opened, and the gas starts escaping into
vacuum. Find the gas concentration n as a

function of time t if at the initial moment

n(0) = ny.

° Watch Video Solution



https://dl.doubtnut.com/l/_1VHmqReoXNOf
https://dl.doubtnut.com/l/_0nyMsvH2iUIv
https://dl.doubtnut.com/l/_2e9HbvDPzfl8

16. A vessel filled with gas is divided into two
equal parts 1 and 2 by a thin heat-insulating
partition with two holes. One hole has a small
diameter, and the other has a very large
diameter (in comparsion with the mean free
path of molecules). In part 2 the gas is kept at
a temperature 7 times higher than that of
part 1 How will the concentration of molecules
in part 2 change and how many times after the

large hole is closed ?

° Watch Video Solution



https://dl.doubtnut.com/l/_2e9HbvDPzfl8

17. As a result of a certain process the viscosity
coefficient of an ideal gas increases a = 2.0
times and its diffusion coefficient g = 4.0
times. How does the gas pressure change and

how many times ?

o Watch Video Solution

18. How will a diffusion coefficient D and the
viscosity coefficient 7 of an ideal gas change it

its volume increases n times :


https://dl.doubtnut.com/l/_2GfmJ34oAOY4
https://dl.doubtnut.com/l/_QsvIgw9X5wil

(a) isothermally,

(b) isobarically ?

° Watch Video Solution

19. An ideal gas consists of rigid diatomic
molecules. How will a diffusion coefficient D
and viscosity coefficient  change and how
many times if the gas volume is decreased

adiabatically n = 10 times ?

° Watch Video Solution



https://dl.doubtnut.com/l/_QsvIgw9X5wil
https://dl.doubtnut.com/l/_fYqO5JvmoHRH
https://dl.doubtnut.com/l/_LO7ZeDmTmHDS

20. An ideal gas goes through a polytropic
process. Find the polytropic exponent n if in
this process the coefficient

(a) of diffusion ,

(b) of viscosity,

( ¢) of heat conductivity remains constant.

o Watch Video Solution

21. Knowing the viscosity coefficient of helium
under standard conditions, calculate the

effective diameter of the helium atom.


https://dl.doubtnut.com/l/_LO7ZeDmTmHDS
https://dl.doubtnut.com/l/_Kn6EzoMwvJHG

° Watch Video Solution

22. The heat conductivity of helium is 8.7 times
that of argon (under standard conditions).
Find the radio of effective diameters of argon

and helium atoms.

o Watch Video Solution

23. Under standard conditions helium fills up

the space between two long coaxial cylinders.


https://dl.doubtnut.com/l/_Kn6EzoMwvJHG
https://dl.doubtnut.com/l/_i0MFU0gvRsjM
https://dl.doubtnut.com/l/_i6AmNDrQnlz4

The mean radius of the cylinders is equal to R,
the gap between them is equal to AR, with
AR < < R.The outer cylinder rotates with a
fairly low angular velocity w about the
stationary inner cylinder. Down to what
magnitude should the helium pressure be
lowered (keeping the temperature constant)
to decrease the sought moment of friction

forcesn = 10 times if AR = 6mm ?

o Watch Video Solution



https://dl.doubtnut.com/l/_i6AmNDrQnlz4

24. A gas fills up the space between two long
coaxial cylinders of radii R; and R,, with
R, < R5. The outer cylinder rotates with a
fairly low angular velocity w about the
stationary inner cylinder. The moment of
friction forces acting on a unit length of the
inner cylinder is equal to IV;. Find the viscosity
coefficient n of the gas taking into account
that the friction force acting on a unit area of
the cylindrical surface of radius 7 is

determined by the formule ¢ = nr( dw/ Or).

° Watch Video Solution



https://dl.doubtnut.com/l/_IjVTxNoIR30w

25. Two identical parallel discs have a common
axis and are located at a distance h from each
other. The radius of each disc is equal to g,
with @ > > h. One disc is rotated with a low
angular velocity w relative to the other,
stationary, disc. Find the moment of friction
forces acting on the stationary disc if the
viscosity coefficient of the gas between the

disc is equal to 7.

o Watch Video Solution



https://dl.doubtnut.com/l/_IjVTxNoIR30w
https://dl.doubtnut.com/l/_5KoBdpQhY7GV

26. Solve the foregoing problem, assuming
that the discs are located in an ultra-rarefied
gas of molar mass M, at temperature T' and

under pressure p.

o Watch Video Solution

27. Making use of Poiseuille's equation (1.7d),
find the mass p of gas flowing per unit time

through the pipe of length [ and radius a if


https://dl.doubtnut.com/l/_d6fZGB1D1aJH
https://dl.doubtnut.com/l/_svw0vn5LxN8g

constant pressures p; and p, are maintained

at its ends.

O Watch Video Solution

28. One end of a rod, enclosed in a thermally
insulating sheath, is kept at a temperature T}
while the other, at T5. The rod is composed of
two sections whose lengths are [; and 15 and
heat conductivity coefficients x; and z5. Find

the temperature of the interface.

° Watch Video Solution



https://dl.doubtnut.com/l/_svw0vn5LxN8g
https://dl.doubtnut.com/l/_PwsjeR2ZDyKH

29. Two rods whose lengths are [; and [y and
heat conductivity coefficient z; and x5 are
placed end to end. Find the heat conductivity
coefficient of a uniform rod of length I; + [,
whose conductivity is the same as that of the
system of these two rods. The lateral surfaces
of the rods are assumed to be thermally

insulated.

° Watch Video Solution



https://dl.doubtnut.com/l/_PwsjeR2ZDyKH
https://dl.doubtnut.com/l/_HnUZZOjGLWXI

30. A rof of length [ with thermally insulated
lateral surface consists of material whose heat
conductivity coefficient varies with
temperature as x = a /T, where a is a
constant. The ends of the rod are kept at
temperatures 7} and T5. Find the function
T(x), where z is the distance from the end
whose temperature is T3, and the heat flow

density.

o Watch Video Solution



https://dl.doubtnut.com/l/_KypjOEZyNjDL
https://dl.doubtnut.com/l/_vnU105rSydh4

31. Two chunks of metal with heat capacities
C; and (), are interconnected by a rod length
[ and cross-sectional area S and fairly low heat
conductivity K. The whole system is thermally
insulated from the environment. At a moment
t = 0 the temperature difference betwene the
two chunks of metal equals (AT),. Assuming
the heat capacity of the rod to be negligible,
find the temperature difference between the

chucks as a function of time.

o Watch Video Solution



https://dl.doubtnut.com/l/_vnU105rSydh4
https://dl.doubtnut.com/l/_dlsvoVCaJjTG

32. Find the temperature distribution in a
substance palced between two parallel plates
kept at temperatures T} and T5. The plate
separation is equal to [, the heat conductivity

coefficient of the substance z x_ VT

o Watch Video Solution

33. The space between two large horizontal
plates if filled with helium. The plate
separation equal [ = 50mm. The lower plates

is kept at a temperature T; = 290K, the


https://dl.doubtnut.com/l/_dlsvoVCaJjTG
https://dl.doubtnut.com/l/_fWBhnXlIgmxC

upper, at T = 330K. Find the heat flow
density if the gas pressure is close to

standard.

o Watch Video Solution

34. The space between two large parallel
plates separated by a distance [ = 5.0mm is
filled with helium under a pressure p = 1.0Pa.
One plate is kept at a temperature t; = 17°C

and the other, at a temperature t5 = 37°C.


https://dl.doubtnut.com/l/_fWBhnXlIgmxC
https://dl.doubtnut.com/l/_HcjT5wjUURLr

Find the mean free path of helium atoms and

the heat flow density.

° Watch Video Solution

35. Find the temperature distribution in the
space between two coaxial cylinders of radii
R; and R, filled with a uniform heat
conducting substance if the temperatures of
the cylinders are constant and are equal to T3

and T5 respectively.

° Watch Video Solution



https://dl.doubtnut.com/l/_HcjT5wjUURLr
https://dl.doubtnut.com/l/_llQg14z3jtTu

36. Solve the foregoing problem for the case
of two concentric spheres of radii R; and R5

and temperatures T and T5.

o Watch Video Solution

37. A constant electric current flows along a
uniform wire with cross-sectional radius R and
heat conductivity coefficient . A unit volume
of the wire generates a thermal power w. Find

the temperature distribution across the wire


https://dl.doubtnut.com/l/_llQg14z3jtTu
https://dl.doubtnut.com/l/_nK9SMaeuceBu
https://dl.doubtnut.com/l/_W3xseIJsj0Xp

provided the steady-state temperature at the

wire surface is equal to Tj,.

° Watch Video Solution

38. The thermal power of density w is
generated uniformly inside a uniform sphere
of radius R and heat conductivity coefficient =
. Find the temperature distribution in the
sphere provided the steady-state temperature

at its surface is eqal to Tj,.

° Watch Video Solution



https://dl.doubtnut.com/l/_W3xseIJsj0Xp
https://dl.doubtnut.com/l/_RQ08oLPilD1d



https://dl.doubtnut.com/l/_RQ08oLPilD1d

