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i
j) Correction for p 5 i
HEAT (i) C Jor Pressyre; :?
A molecule in the Interior of g 8as experiences force of
attraction in all directions anq the resultant cohesive force is zeto.
B S f This energy i A molecule near the walls of the container experiences a resultant
eat is a form of energy. is connecteq . - | ) : |
Hea ) Kinetic th d wit otigg | force inwards (away from the wall), Due to this reason the observed i
of molecules. According to Kinetic theory. 4 |

pressure of the gas is less than the
for pressure p depends upon (i) th
unit area of the walls of the contain

actual pressure. The correction
e number of molecules striking
er per second and(ii) the number

- of molecules present in a given volume. Both these factors depend
on the density of the gas. ]

1. Matter is made up of molecules, . . ' E
2. Molecules are in rapid motion and

3. Molecules experience forces of attraction between ‘One anoth, | !
er,

s - 1 2 2
In cases of gases, the inter molecular distances are Correction for preSSurg pepiec v

_ . much larg,,
than that of a solid or a liquid. Also the molecules of 3 835 are iy, . P = aiv?
to move about in the entire space available to them, Hence 5 gﬁs ‘ .
has no shape or size. : Here a is ‘a’ constant and V is the volume of the gas.

Hence correct pressure.
Van der Waals Equation of State

While deriving the prefect 2as equation PV =
of kinetic theory, it was assumed that (i
of the gas is negligible and (ii) The

RTontheba.sis | =(P+p)-=_ p+%‘z
) The size of the molecule
forces of inter-molecula} !
ctice, at high press'urc::, the |
size of the molecules of the gas becomes significant and cannot be :
neglected in comparison with the volume of the gas. Also, at hlgh

pressure, the molecules come closer and the forces of int

Where P is the observed pressure.

. (ii) Correction for volume : .
» The fact that the molecules have finite size shows that the i

: actual space for the movement of the molecules is less than the
ermolecular
attraction are appreciable, Therefore, correction-should be applied
to the gas equation. ‘

volume of the vessel. The molecules have the there of influence
l around them and due to this factor, the correction for volume is b.
where b is apprcfxirﬁatel)j four times the actual volume of the
: molecules. Therefore the corrected v‘olume of the gas = (V-b).

T
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€.
Let the radius of one molccule be ‘r’.

The volume of the molecules = x = 4/3np3

The centre of any two molecules can approach cach h." q
onlylby a minimum distance of 2ric., the diameter of each mo cc rtr_ E
. Ulg &

The volume of the sphere of influence of cach molecyle, —f

S = 4/3n(2r)* = 8x

Consider a containe volume V. If the moleculeg arc algy,

cnter one by one,

. The volume available for first molecule =1y
Volume available for second molecule =V_g
Volume available for third molecule =V _og
Volume available for n* molecule =V-(n- s
Average space available for each molecule
_ VH(V-8)+(V-28+ .. ... {V_(n_])s})
n T —l
SV-_—A{1+2+3+.......... +(n - 1)}
=v_ S (n=1n
n 2
S
v, 8
2 2

¢d )

5

81 B S B

8
As the number of moleculey iy yer
negleeted,

Average space available for cach molecule,

ns
= -~2-(Mul S = 8x)

n(8x)
2
=V - 4(nx)
=V b

b = 4(nx) = four times the actual volume of the molecules

Thus the Van der Waals cquation of state for a gas is

a
P+ (V-b)=RT

- (i)
Where a and b are Van der Waals constants.
From the Van der Waals equation of state
a
P+—— (V-b)=RT
VZ
RT a 5
P = aal ey - (Il)
V-b V2

¥y large s6 /2 can be



Critical Constants

The critical temperature and the cc’"e‘POnding s i
pressure and volume 2t the critical point are called 5, i
constants At the critical point, the rate of change of pre “tq ,=

7 : ; 35ure
volume is zero This point is called point of inflexjop, L7

According to Vander Waals equation
](V—b) =RT o

a
P+
B
V-b) vz - (ii)

Differential P with respect to V

@ _ _-RT 2a
dv  (V-by v -l

At the critical pointdP/dV =0

T = TC
V . VC
_RTr 2a
<4 =1
(Ve-by vz
Or 22 RT, '
Ve (Ve-by - (iv)

2,

s e R e oL e KA

%
Differential equation (jjj)
P oy
dV2 Tva'))_ =
pg
Atthe critical point __d_P_- .
dy?
T ey
voo-y,
2RTc 6a
t—r =0
(vc - by V,_‘
T -7,
V E— Vc
62 _  2RT,

V(‘ (Vc - by

Dividing (iv) by (v)

62
J{l

-{v)

- (vi)
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Substituting the value of
V, = 3bin cquation (iv)
2a B RT,
271 1b?
)
27Rb vl
Substituting these value of V. and T, in equation (ii)
5 = R x 8a a
27Rb(2b)  9p?
P, = _2_
| 2707 - (viii)
Co - efficient Van der Waals constants '
Ve =3b (i)
P, =_"%_
27b? - (i)
Y
. 27Rb - (iii)
From cquation (iii) and (ij)
L7 R
P, @Ry
64a /
2R
. LR
64 p (i)

C

4l
nividing(iii)hy(ii)
T, 8a 27K
L a .
p(’ 27Rb a
_8b
R
RT
b =§_p_r i
2
Also
RT. _ R(8a).27b’
PV, 27Rba(3b)
.—li—[c_ = __8 y (Vi)
PV, 3

The quantity RT /P V. is called the critical coefficient of gas.

Its calculated value = 8/3 and it is the same for all gases.

Problem
Calculate the Van der Waals constants for dry air given that

T,  =132K,
P

R per mole

= 37.2 atmosphere,
= 82.07 cm’ atmos K~

c

Here
P = 37.2 atmospheres

132F

il

SRt
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R = 82.07 cm? atmos K-'
D1 a. et R
6 P

_ 2_7 (82.07)2 (132)2
64 37.2

Or a =13.31 x 10° atmos cm$

Gi) b - RT,
8P,

_ 82.07x 132
8x372

b =36.41 cm?

Lee’s Disc Method -
Conductivity of bad Conductor

Determintion of

the Thermal

63

The thermal conductivity of a bad conductor like cbonite
can be determined by using Lee’s disc method. The experimental
arrangement is as shown in figure,
Dpescription of apparatus

A is a thick brass disc. It is suspended in a stand using three
strings. Over this an ebonite disc is placed. The diameter of this
ebonite disc is the same as that of brass disc A. B is a cylindrical
steam 'chcst and its lower part is thick. The steam chest is placed
over the ebonite disc. The diameter of the chamber is as that of
cbonite disc. There are two opening in the steam chamber. Through ‘
the opening in the upper part, steam is passed and the steam come
out through the opening in the lower part. There are holes in the
steam chamber and also in the brass disc A. Thermometers T, and

T, are inserted through the holes.

Experiment .
Steam is passed through the steam chamber. The heat is

conducted from the steam chamber to brass disc through the cbonite
disc. Due to this the temperature indicated by T, and T, increases.
After some time, there will be no increase in the temperature. Now
it is in the steady state. The steady temperature 0,and 6, are noted.
If d is the thickness of the ebnoite disc, the temperature gradient

is = (8, - 0,)/d.

If r is the radius of the ebonite disc, the area of the ebonite

disc is nr2.
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disc is
_ Kar(e,-6,)

5 Joule -(1)

Where K is the thermal conductivity which is to be determ,‘ned |

Now the ebonite disc is removed and the brass disc is direcy]
heated. Thq temperature indicated by T, increases. When th:
temperature reaches (8, + 10)°C, the steam chamber is removeq
The ebonite disc is placed over the brass disc and it is alloweq t;
cool. When the temperature reaches (6, + 5)°C, a stop clock g
started. Time is recorded for each degree fall of temperature

continuously until the temperature reaches (,- 5)°C
" 2 N

A graph is drawn by taking the time in X-
temperature at Y - axis. The graph w

axis and the
| ill be as shown. In figure. At
the steady tempera ture, the rate of cooling is calculated from the’
graph.

Rate of cooling R = d@/dt

Let M be the mass of the brass disc, t be thickness of the disc

and S be the specific heat capacity of the material of the disc

Atthe steady state, quantity of heat lost by radiation per second

by the flat surfaces and one curved surface of the Brass disc = M
S R Joule.

At the steady, state the heat conducted through the e ok
Onj,

65 -

+ ‘
S Temperature

K-

" !\_

) Y

of heat lost only one flat surface and curved

Hence the quantity
surface. ;
_ MsRaeet2o Mg
T (m+2r) (r+2t) 2r+20

at conducted through the

te, the quantity of he
At the steady state q ghodi

i on
cbonite disc is equal to the quantity of heat lost per sec

brass disc. '
knr(8,-0,) _ MSR(+ 20
—a. @+

K = M wmK? -(3)
3(2r + 21) '

calipers, the thickness of the
rass disc (t) an. vadius of the
ng relation (3). the thermal

Using a screw gauge and Vernier
.

ebonite disc (d), the thickness of the b

disc (r) can be measured. Hence usi

conductivity of bad conductor can be calculated.

e R T PV
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Joule -~ Thomson effect (Joule - Kelvin effect)
lj/@ gas is allowed to expand through a fine |

1 hole or
” e . ¥ a
plugyso that it issues from a region at a higher pressure ¢ i
3 (4] a

ata lower pressure there will be a fall in temperature of th
. . .. e
provided the initial temperature of the 8as is below js
. . l ’ nvcr i
temperature. This phenomenon is called Joule - Thomsg 'fm'o
20n e ch

1¢ existence of jnter molecy|
the liquefaction of gases

n
t,

attraction. It js very important in

Theory

Consider a cylinder with non-con

ducting walls hayi
plugofa porous material like g aving a

poroug

Tegiog :

ar

vu — J——2 -
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When the piston A has pushed ghe gas
into the low pressure side completely
through the plug an amount of work Py,
has been done on the gas, When (he gas
enters the low pressure side and pushes
the piston B back an amount of work
p,V, has been done by the gas.

Network done by the gas is
=-PV,-PV, -(1)

No heat energy is supplicd to the gas from outside since the
cntire apparatus is thermally insulated. Also the piston A is not
pushed by any external agency. As the gas in the lower part jssues
through the plug the piston A merely moves forward to keep the
pressure P, constant. So there is no supply of mechanical energy
to the system from outside. Therefore the energy required for
doing the work W is drawn by the gas from its own internal energy
content. If the internal energy of the gas below (Piston A side) is

E, and the above (Piston B side) is E, we must have E, < E, so that
the decrease (E, —E,) in the internal energy is equal to the energy
used yp by the gas for doing the work W,

w =E-E=PV,-PV, @

1
El + P,Vl = E2+P2V2

E+ PV  =Constant
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The quantity E + PV is called the total heat or the entha)
unit mass of the gas. In the porous plug experiment the cmhalpy of F
the gas remains constants so that the expansion of the gas ?y“,f ]
. . s
isenthalpic process. !
The internal energy E consists of two parts.
I. The kinetic encrgy K.E. whose value depends on t},
. ¢
temperature of the gas. :
2. The potential cenergy P.E. due to intermolecular forces,
The value of potential energy depends on the separation of -

the molecules and therefore on the volume of the gas.

E =K.E. + PE.

The internal energy of the gas below (Piston A side)

E,  =(KE) + (PE),

The internal energy of the gas (Piston B side)

E,  =(KE),+(PE),

Substituting the values of E, and E, in equation (2).

v, - PV, = [(K.E), + (K.E.),] + [(PE)), - (P.E.),]

(K-E), + (KE),= (P,V, - P,V)) + [(PE.), - (PE),] - (3l)

IfK.E > K.E,, then there will be a decrease in kinetic energy

and hence there will a decrease in temperature of the gas. Th.e

}ﬂ“hn¥
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decrease in temperature is due to increase in the value of PV
and /or due to the increase in the potential energy of the molecules

Case 1:

For a perfect, gas which obeys Boyle’s law
PV, =PV,

Further there are no intermolecular forces in a perfect gas so
that

(PE.), — (PE), . =0
Therefore (K.E.), = (K.E), =0
There will be no change of temperature or no cooliyg effect.

Case : 2 4
For a real gas, in which there are intermolecular attractive

forces, the potential energy increases when the molecules are pulled

apart to greater distances during the expansion of the gas through
the porous plug.

(i) Each gas has Boyle temperature Ty ata which Boyle’s law is

obeyed. That is the product PV is constant with respect to
pressure at that temperature. Below the Boyle temperature
of the gas, PV increases as P decreases (Provided P is not
too high).

So that PV, >P\V,




(i) Above the Boyle temper.

iii.

iv.
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Therefore from equation (3), we get

(KE), > (K.E),

Eence there is a decrease in Kinetic energy of the gas ang 5

consequent fall in temperature.

decreases so that PV, < BV,

ature of the gas PV decreases as p

(KE) + (RE)=(PV, - P,v) + [(PE.), - (PE,))

Since (PV, - P.V.) is positive, the cooling produced dye to
decrease of kinetic energy becomes less.

As the initial temperature of the gas is increased, the rate of
increase of PV with p becomes equal to [(P.E.), - (P.E.)] so
that [(K.E.)l =(K.E.),]=0. At that temperature there wi]] be
no change in the temperature of the gas when it issues from

the porous plug. This temperature is
temperature of the gas.

Ifthe initial temperature of the
gas is still higher, (PV, -
P,V.) will be greater than
[(P.E.)_, = (P.E.),] so that I
[(K.E), - (K.E.),] s
negative. Therefore there js an

increase in the kinetic energy

called the inversion

of the gas and hence the
temperature of  the gas
i;lcreases when it passes

through the porous plug.

7
porous plug experiment
The apparatus consists of a porous plug having two perforated

brass discs D, and D,. The space between them is packed with
cotton wool or silk fibers. The porous plug is fitted in a cylindrical
box wood tube which is surrounded by a vessel containing cotton
wool (figure). This is done to avoid loss or gain of heat from the
surroundings. T, and T, are two sensitive platinum resistance
thermometers and they measure the tcmpcratgrcs of the incoming
and the outgoing gas. The gas is {:omprcsscd to a high pressured
with the help of the piston P and it is passed through a spiral tube
immersed in a water bath maintained at a constant temperature. .lf
there is any heating of the gas due to compression, the heat is

taken by the circulating water in the water bath.

, ‘he
The compressed gas is passed through the porous plug. d1
< is dane
gas gets throttled (wire drawn) due to cotton wool. Wo.rl\ e
by the gas in overcoming inter molecular attraction. 1

e ——

—

———
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temperature of the outgoing gas is measured with the help o'fa

platinum resistance thermometer T,.

The pressure of the incoming gas is measured with the help of
a pressure gauge and the pressure of the outgoing gas s equal t,

the atmospheric pressure.

The behaviour of a large number of gases was studied at varioug

inlet temperature of the gas and the results obtained are as follows;

(i) At sufficiency low temperatures all gases show a cooling
cffect.

(i) Atordinary temperature all gases expect hydrogen and helium
show cooling effect. Hydrogen: shows heating instead of
cooling at room temperature.

(i) The fall in temperature is directly proportional to the difference
N pressure on the two sides of the porous plug.

(iv) The fall in temperature per atmosphere difference of pressure
decreases as the initial temperature of the gas is raised. It
becomes zero as temperature and at a temperature higher than
this temperature, instead off cooling, heating is observed. This
particular temperature at which the Joule -Thomson effect
changes sign is called the temperature of inversion.

In the case of hydrogen was observed at room temperature

because it was at a temperature for higher than jts temperature of

inversion, The temperature of inversion for hydrogen is —80°C and

73
nelium it is 258°C. If helium is passed through the porous plug
(&

] . in

mperature below the temperature of inversion shows a cooling

" lve.
t when it is passed through the porous plug or a throttle va

for
ata
effec

Temperature of inversion _
' i erssure
In molecular which obeys Vanderwalls equations, the p ;

a/V?isequal to V.

i ‘ to V., the
Whenever the volume of gases increases- from V, 5

s is
workdone opposes to the force betwenn the molecqle
w, = JV PV
1 v,
‘a
SpEE0 P= <72

1
a V.
LW =JV2 - dV:a(——> i

2 \Y%
V, v Ty,

1
11 (a' a ) )
= a—t+— \|\=|[——
(Vz Vl> Vl V2

. : dv.
"The volume of gases at low and high pressure 1s V, and V,

respectively, then external workdone by the gases. ,
w, = (P.: V,-P, V) (
Thereforce total “"orkdone by gases
| w = External work + Internal work

= w,+ \‘I|

R

T S ———

Fre—

e
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a a
= P, V,-PV, +(V —V—> (©)) From (4) )
1 "2 P—P 2a b
T = P —Po= -
Vander Walls equation of gases. TG : RT
a S P-P, (2a : 6 .
(P+_> V-b =RT T = JMcC (ﬁ 'b) \ : E
\'& : : g b 3
v+2 _pp_2b_
PV + v —bP v =RT Cases :
PV= al T
RT +bP ” & (p|‘Pz)'s positive
Because (ab/v?) j j i '
(ab/v?) is able to reject by above equation. ; ?-E—b is positive, 8T also positive.
a
w =(RT+bP2——)-(RT+bPI— i>+ a__ a_ 2
v v, v, v, ‘e 2 > bor T<— then the gas is cooled

Rb

=b 6’2 - pl)+2a<l_ s ]_) "
vl v)

i. “8T"isatzcro

RT 1
But Vo= — undV1=E 2a
I P} ﬁ~ Bt
w =b6’;‘P &2;\(,_:'__&) T -2 .
! T " RT Rb
w =—Hp _p 2a ’ A '
"N\ P-P, : This is called temperature of increasing T,
- 2 2a
W =(P -p)) (22 _ i =
1= Py) <RT b) @ : i.e Ti_ﬂ
3T in decrease of temperature ‘ ‘ ii. “5T"isnegative.
w = JH 2
=] —-b isregative
[ M Cp ST] (5) 2 RT
M- Molecular w cight of gases “8T™ is negative.
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2a
b>—
RT

2a
> %

T>T,

®)

From the above equation, we know that whenever the temperatyre

is higher than temperature of inversion, the gas would be heated.

Liquefaction of Gases
Introduction

For a long time it was thought that air remains in the gaseouys |
State at all temperatures. Gases like oxy

gen, nitrogen, hydrogen,
helium etc.

» were termed as permanent gases. Freezing mixture
could qu\ncfx chlorine, hy_drg_gml]phidg sulphur dioxide, ammonia,
hyﬁ()_dl’lo_r_im under high pressure. Andrew’s experiment
on CO, in 1862 showed that below the ¢

can be liquefied by mere application of pressure but it cannot be

liquefied above the critical temperature, however large the applied
- M
pressure m

ay be. Below the critical the gas 1s termed as vapour
and above the critical temperature it is called a gas.
-—

ritical témperature, a gas

In 1877, Pictet liquéﬁed by Cascade process. Linde was aBle
to liquefy air in 1896 by Joule- Kelvin effect. Usin

g the principle of 3
Joule - Kelv

in effect, hydrogen and helium were also liquefied.

77
Critical Temp. Boiling Point
co, "3LeC -78.6°C
o,\;):gen -118.8°C- - 183°C
Nitrogen -146°C -195.8°C
Hydrogen -240°C - 252.8°C
Helium -267.8°C -269.8°C

Liquefaction of Hydrogen

SuPPLY OF A
EN

sotto Co, o 10 |
AND ALCOHOL|- COMPRESSION
PUMP

Hydrogen cannot be liquefied by Cascade process because 1t:
critical temperatﬁre is — 240°C. Linde’s ordinary apparatus usc;
for the liquefacion of air cannot be used for hydrogen because tll:t
temperature of fyersion for hydrogen is - 83° C. The gas m\_of
initially be cooled to a temperature lower than the temperature

' - in effect.
inversion for the cooling to take place due to Joule-Kelvin ef

‘J' uta it

g SR ITY <

TSR sa—
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" Inthe chamber C liquid air is allowed to boil
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The original apparatus designed by Dew,
later by Travers, Olszewski, Nernst and

complete insulation the whole apparatu
Dewar flask L.

ar (1898) was imprq,,
others (Fig. 3-9) To hay,
s is enclosed in an oye,

Hydrogen undera pressure of 200 atmos
acoil immersed in solid CO, and alcohol.
chamber A where it is further cooled By t
The chamber B contains liquid air and cools

phere is passed through
It enters the coj] in the

he outgoing hydrogen.

under reduced pressure
(10 cm of Hg) and hydrogen in the coil F is

of - 200°C. This cooled hydrogen passed t
coil G and the nozzle N. Hydrogen is
Joule-Kelvin effect. The cooled hydrogen
N is allowed to circulate back to the pump
process of regenerative cooling continue
hydrogen gets liquefied and is collected i

cooledtoa temperature

hrough the regenerative
cooled further due tg
coming from the nozzle
as shown in figure. The
s and after some time
n the Dewar flask D,

Conduction

The transfer of heat from the hotter region of a body to its
colder region without actual move

ment of particle is called heat
conduction. .

When one end of the rod is heated, the heat is conducted to
the other end by the process of conduction.

In metals heat is
conducted by conduction. )

bydrogen in the coj] E. .

79

tivity
rmal conduc
a. The

P !

0
0, !

Consider a uniform rod of area of cross section A anﬁ:ggjlnz
One end of the rod is heated to a steady temper.atur:;ter . a,n i
6. be the temperature at the ends of the r.od. 6,is gr;e iy o
H:eat is conducted from the region of higher temp

tity of heat
ion of lower temperature. Let Q be the qua: t);d s
e t : : )
r gd cted in t seconds. The quantity of heat Q condu
condu ! ‘ £
Directly proportional to the area of cross section (Q
i i between
Directly proportional to the temperature difference
ire _
the ends (Q «< (6,-8,))
1/I) and
sely proportional to the length of the rod (Q < )

2.

Inver

w

4. Directly proportional to the time of conduction (Q < t).
Quantity of Eeat conducted
Q x A(,0,) /I
or Q=K. A(6,-6,) t/l
Where K is a constant called the co-efficient of thermal

cc(lduCthlty or 5"|lp‘y themal COHductlvlty. (el—ez)” 1S the Cllallge

0‘ tempelatme Wlﬂl distance all(l 1S called temperature l'adlen{.
1stan P! g

!
y
f
2
i
:

g,
i
b
b
;(
£

T YRS
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IfA=1m? 0~0)1 =Tandt= sec, t

hen from this y,e o8
define the thermal conductivity.

The thermal conductivity of a material js d

efined as heay
energy conducted across unit area of cross-sec

tion in upj time
When the temperature gradient js unity.

Unit : IS—-Im-'K-! or W.m-K-1,

b.'Good conductors and bad conductors

Based on the thermal conductivit
into two types.

Y Or materials, it can pe diveq H
1.

Good conductor

2. Bador poor conductor

Good Conductors

Material which have large thermal conductivity are called good
con

ductors. Through this heat s conducted easily. All metals are
8ood conductor of heat.

Bad or Poor conductor

Material which have small thermal conductivity are called bad
Or poor conductors, Throu at is conducted very slowly.

¢ examples for bad conductors,

gh.t'his he

81

I’rob‘cmsl te the drop in temperature produce by adiabatic ‘hmw:g
(] .
. e athc caase of oxygen when the pressure is "’ducedth);
i . 0 v a
proces® lnhere Initial temperature of teh gas is 27°C. Given
sphere. :
50 atmo

s obeys Vander Waal’s equation and
the g2

1.32 x 10"’cm* dynes mole™?

a =
b = 31.2 cm’mole’
dcp = Tcalk' mole”
" = 1.32 x 10"%cm*dynes mole~
a = .
= 13.2x.102Nm* mole
b = 31.2cm’ mole?!
= 31.2 x 10%m’ mole™!
R = 8.3 JK! mole™
CP = 7 Cal K-' mole™
= 7x4.168JK" mole‘“
§P = 50 atmosphere
=" 50 x 10°Nm™
&P 2a
5T = lcp || T
= 1293K

.

. al’s constants a and b for 1 gram molecule by
t
2 The Vandel Wa

H 2 :-b
hydrogen are a= 0.245 atm. litre*/mole
ydro
R = 8.31 J/K-mole

=267 x 102 litre /mole.
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0.245 atm, litre¥/mo)e
0.245 x 10 x 19 Nm* moje-2
0.245 x 10 Nm* mole-2
2.67x 10 fjtre / mole
2.67x 102 x 19 m’ mole-!
2.67 x 10 3 m'olc"
8.3 JK-' mole-1

a
Rb_

0.245 x 191
8.31 x 2.67x 10

110.4K

2a
Ro = 2T,

2x110.4
220.8K

3 ' : : it
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3 Calculate the Boyle température, inversion temperature and the
c;itical temperature of He. Given a = 0.034] atm, litre?¥mole?,
- 0.0237 litre/mole. R=8.3 Joule/k-mole.

=_ 0.0341 atm litre¥mole?

a
= 0.0341 x 10”" Nm* mole2

©

= 0.0237 litre / mole
0.0237 x 10-* m® mole-!

< o <
]

= 8.3 JK" mole" ’ |

=~ a
Te %
0.03412x 10!
8.31 x0.0237 x 103

= 17.34K

2a
= —— =2T
T, Rb B

= 2x17.34
= 34.68K

8 a
T = 27w
8

= __TB'

27

= (8x27)x17.34
= 513K
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University Questions

2 Mark questions

L. State van der Waals equation of state.
2. What are critical constants.
3. Explain Joule - Thomson effect.
4, What are the behaviours of gases?
S. Write the results of temperature of inversion.
6./ What means Boyle temperature? |
7. Write the equation for relation between Boyle temperatyr,
temperature of inversion and critical temperature, :
8. What is liquefaction of gases?
9. What is absolute zero temperature?
10. What is temperature of inversion?
S Mark questions ,
1. Derive expressions for critical constants.
2

Discuss determination of the thermal conductivity of bad
conductor using Less disc method.

3. Give the theory of porous plug-experiment.
4, Discuss Boyle temperature.
5.7 Give the process of the liquefaction of hydrogen.

10 Mark questions

L Describe Vander Waals equation of state,
2. Discuss Joule - Thomson effect.
3. Derive equation for the fall in temperature of a Vander Waals

gas by Joule - Thomson effect.




