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Abstract

trntroduction
The subject Kinetic Theory

of Gases is popular in
undergraduate Physics curriculum.
Van der Waal's equation (vdW) of
state is well familiar. The present
paper proposes a view point of
Boyles Volume that reduces vdW,s
equation to ideal gas equation that
is volume independent. However,
vdW's coefficients a, b appears that
are well-known in the literature.
This equation can be used to
calibfate thermometer in terms of
pressure.

Van derWaals, equation of
state for real gas

Van der Waals' (vdw)
equation is

{r
where P is the pressure, 7 is the
volume, T is the absolute
temperature, Ris the gas constant,
and a and b are constants that
depend upon the gas.
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In the usual situation oand
b are known in the literature. One
must watch the units used though.
Usuall5, a is in liter' atm mole'.
Simil,arly b is most often in liter
mole -. Thus it is usually convenient
to work in liter-atm and to take rF0.
0820578 liter-atm/ mole-kelvin.
IL-2]

In a problem, if the volume
and temperature were known and
the pressure were needed, we
simply use (1) in form

Almost all text books deal with the van der waals (vdw) equatlon and ls
rtddling in literature slnce 1820. Thls equation is wtdely appreclated.
Llke- Boyle's Temperature, we propose Boyle,s Volume thai offers a
conditlon enforcing vdw equation reduce to volume lndependent-ideal
gas equation. This equatlon can be explored to caribrate temperature
gauge for known pTessure.

Keywords van der waal's equation, Real gas equation, cubics, equafion of state,
analytical solution etc.
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Or if the pressure and volume were
known and the temperature were
needed:

r:;{,*i}{r-&)....(3)
The issue turns really troublesome
when pressure and temperature are
known and the volume is required
to be fou:rd. A look at equation (1)
shows that Toccurs in two different

(2)

* *i (r' - b) : 8r .....( l )
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places. It is not linearin V. A closer
look reveals it to be cubic in V.

Solving cubics is not as $imple as
solving quadratics. There is a "cubic
formula', but it is quite messy and
takes a large amount of work.[l]
vdW's equation for the volume is a
cubic and cubics may have three
roots. If exists, one is guaranteed
to be real and hence meaningful;
the other two can be either real .or

complex. We are not concerned with
the imaginary root as it is of less
physical significance.

van der Waals' reducing to Ideal
Gas Equation

Eq (1) has been rearranged

..(4)

Second term on rhs is vanishing for

The temperature corresponding is
know as Boyle's temperature

J.Eotle -

The higher power of b can
be ignored for being negligible. At
Boyle's temperature, inter-
molecular attractive and repulsive
effects are counter balanced and
vdW's equation reduces to ideal.
This has been established fact.

Here, we are proposing a
different approach where we can
look for alternate persPective in
terms of Boyle's Volume. We can
re-write equation (1) as

= R?' /5\."'\- /

tt2

Last equation may appear like ideal

gas equation PH : ftF , if the term

in the bracket vanishes;

x:: Fb - 3+ #: *.....(6)Ixv
Now we shall probe the conditions
and meaning that vanish quadratic
equation X. A simPle re-
arrangement gives it a look we
usually prefer as;

PVl -ir+G:0:....(6a)tl

This equation how has resemblance

with *:ut*$x*c:s that has

roots

_b+),ElG;;
a-

A simple substitution yields robts

lf- +e+vffiffi
3Fb

These roots can be discussed in two
parts viz Real and Complex.

It is the volume that enforce

xt:Pb-" i*:or !r'

in turn reduces vdW's equation to
ideal gas equation. It may be termed
as Boyle's volume.

We can extend
interpretation for Boyle's volume
that offers inter-molecular
attractive and repulsive effects are
counter balanced. Hence the vdW's
equation reduces to ideal gas
equation.

The volume pair (V.,V^) that
offers X=0, when substitufed in

{:t +{U-3lr*-5:1=
Ef \. .q':.,,' v \t-

Ph'

plt_(.r_;:fr)
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ideal gas equation offers volume
elimination in terms of a and b as;

F[":8F

= : 8F .... (7)

Last equation pair on simplification
offer unique expression for pressure
AS

F _ _.ql rl * B!"
. e b...........(8)

This equation in
independent of I/ but instead
expressed in terms of o and b. The
characteristics trend of ideal gas
equation and (B) are found same
when tested graphically. This
equation is linear in the range of
low temperature, wherein it can be
explored as low temperature
pressure gauge. Its functional
behavior is like

*?]' : -X- -: "l

which appears as inverted
para'bolaf with ,vertex in 1"'
qua{rant hnci opening downwards
as shown in Fig.1. At vertex

9:-3r3i]":0
a ---

o o., 04 x 0,6 0a I

Fig.l Variation of function
'!y = -.r- -r.r

113

Thus, vertex has coordinates
.r : 8.5,-r: 0.25. Moreover,

.r' : xit - x) suggest .1! - 0 for

"x : S and x: L. 3, may be

considered linear fo, * < i.
Similarly, maxima for (8) can be
worked out from first order
derivative as;

G

r'L' - :Rb'

Equation (B) can be factorized to
trace x-intercepts (roots) as;

BT 'J PThlF:'"{t-"'-}' u l* e j

It is clearly apparent that the roots
are

r -'lr : [0.:lI Ebl

We propose the calibration linearity
in the range

r -'!tIs- * 
IL +Ell

Table 1 depicts the linear
temperature range of the gauge for
various gas species. However, non-
linear region with smart device
support can be accommodated in
calibration.

T*** represents nnaxirnurn
temperature range (in Kelvinlof the
gauge.

Molar Gas Constant

*: !.R:8.314472:*z
e; rnol tr{ '

dp_ -E=r ft_^
-:dfa.b
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Table 1.

Conclusion
Instead of temPerature that

reduces vdW equation to ideal gas

equation we have hunted for
volume. This volume termed as

Boyle's volume. BoYle's volume
offers balanced inter-molecular
attractive and repulsive effects' This
causes the vdW's equation reduces
to ideal gas equation' BoYle's
volume combined with ideal gas

equation develoPs volume
independent ideal gas equation, but
inducts vdW coefficients' The
resulting equation in pressure and

tL4

temperature has a linear range in
which it can serve as a temPerature
gauge. Measuring Pressure can
help knowing temPerature.
Adaptability of smart device
support can further enlarge
calibration region.
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