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Whenover rapid chanes of energy oceur in polyatomic gases, the phenomenon
of relaxation is called into play. This is hecause the internal degrees of freedom
1o wot readily acquire the temperature of the external degrees of freedom but
tuke an appreciable time, the relaxation time.  The purpose of this note is to exa-
mine the possibility of using an adiabatic compression) (or expansion) of a gas
for the study of relaxation.

Consider a polyatomic gas suddenly ecompressed adiabatically. Tt is reasonable
to ascume that the external degrees of freedom will attain equilibrium almost
instantancously with the external conditions thereby increasing the temperature.
By external degrees we mean here the translational and all such degrees which
instantancously acquire equilibrium with the external conditions.  On the other
hand the internal degrees exibit a lag and it is only through some slow process
that energy flows from external to internal degrees and equilibrium is attained.
In this process the temperature of the external degrees falts while those of internal
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Let us also assume that the adiabatie change is quite fast and its duration
is much smaller than the relaxation time of the gas.  Under such conditions the
total specific heat of the gas. (', is not effective and the energy transfer fails to
follow the quick adiabatic change. We denote the contributions of the external
doegrees of freedom to the total specific heat of the gas by ('p and 'y, respectively.
We have therefore

('y = C\f (. (1)

Let Ty and V he the initial temperature and volame of the gas respectively,
and after the adiabatic compression the temperature rises to 7'y while the volume
reduces to V. We alto presume that this adiabatic change is so fast that only
the external degrees participate and the internal degrees remain unexcited.
However, as the time passes the exchange of energy occurs between the external
and internal modes and finally thoy get into epuilibrium and at this stage let 7',
be the temperature of the gas. Applying the law of conservation of energy we get

("e(Tl—Tz) = Ci(Tz“‘“To)- (2)
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Further, for the adiabatic change
o 7 "y o
Toly? V=T VY, e (3)
Here, y is the ratio of the two specific heats of the gas with the internal degrees of
freedom frozen and we take y to be constant in the small temperature range,
(Ty—T4).  In writing cquation (3) it is assumed that the equation of state depends
only on the temperature 7';. This. however, scems reasonable in view of the suceess
of a similar assumption in the study of the dispersion and absorption of ultra-
sonic waves. (Herzfeld, 1955).  Eliminating 7% from eqaations (2) and (3) we get,
(7,_ — ('
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Thus. the knowledge of the initial temperature and volume of the gas and
their vahies after the adiabatic change. will enable to estimate (4. and thercfore

the extent of participation of the internal modes at that temperature.

In the above treatntent we have assumed the gas to be perfect which, however,
is not true and therefore we replace the perfeet gas equation by the following
cquation of state :

PT = RN+ BT 1] e (D)
Here, P, 1V and T represent. the pressure. volume and temperature of the gas,
respectively, R is the gas constant and B(7T') the second virial coeflicient of the gas
at the temperature 7. Consideration of equation (5) modifies equation (3) to

ToVo? I BTy Vol = TV BTV, (6)
Combining equations (2) and (6) and climinating 7'; we get

(" — (' [l (,Iv: 770)V0') ]{] : RT{)).”YUP !
T L BV T T A BTV

instead of equation (4).

The slow energy exchange between the external and internal degrees of freedom
is characterised by the relaxation time. 7. 1t is possible to derive an expression
for 7 adopting a treatment similar to that of Herzfeld (1955). However, unlike
Herzfeld we prefer to express 7 in terms of the temperature of the external degrees
of freedom since it is directly measurable. The final result is :

Cp  t
. '(/vé mo_nq o (8)
) = 72“1"('“__ (';(12 Toe Ci 7

In equation (8) 7'(f) is the temperature of the external modes at a certain time
¢, and if its values be determined as a function of t, 7 can be evaluated directly.

The application of equaticn (8) is in general handicapped because of the

short relaxation times, which range between 10-2 to 10-® sec. or so. A practical
though indirect way to use it, is to study the changes in volumes corresponding
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{0 the changes in temperatures at a constant pressure as a function of time.  Such
an experiment can he conducted making use of an apparatus technically called
as KRMA (expansion rate measuring apparatus). This essentially consists
of a hollow eylinder closed at one end, with a light piston. Through the wall
of the barrel a number of celectrical contacts are located whose position can be
accurately determined.  As the piston moves it shorts the electrical contacts
ono after the other and gencrates electrical signals. It had been possible to mea-
sure the position of the piston at intervals of a few microseconds with such an
arrangement. (Siegel. 1952).

Another example where the theory developed here will find application is
the study of the state of a gas in a weak shock wave. When a weak shock wave
from an explosion or ghock tube has passed a certain distance in a gas, the gas
adiabatically to return to the original pressure.  For such an expansion equation
(4) will get modified to

‘ . (Ty- TV -1
e I T o S T
! ! [ 1 TV, 1V, ] ()

or in an alternative form in terms of the pressure as

“o_ . (T——T) -
(i =01 o= Te t}}J a0

S

Here 7. ¥ and p, represent the temperature. volume and the pressure of the gas
in the presence of the shock wave and 75, V, and p, the corresponding quantitics
after the adiabatic expansion had subsided.

The various quantities involved in the above equations are measurable.
Such an experiment apart from being of practical value in the determination of
'z will also be of great theoretical importance in verifying the assumption viz.,
the equation of state depends only on the temperature of the external degrees of
freedom. This assumption. though successfully applied and tested to some extont
from the study of ultraconic waves, still awaits a more direct confirmation and
support from as straightforward experiments as mentioned and proposed here.

We are thankful to Prof. M. F. Soonawala for his kind interest in this work.
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