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270 O AN OUTLINE OF PHYySICS
3.11. DISCUSSION ON van pEr WaaLs’ EQUATION sussmessemmmmessmmmmss

From van der Waals’ equation we get

a i
(P+V—2)(V—b)_RT

or, (PV2+a) (V- b)=RTV?
or, PV3+aV - PV2h—ab=RTV?

or, V3——(b+R—P71)V2 +%3K_917b=0 ... (3.4)

For a given value of P and 7, the equation (3.4) is a
cubic equation in volume V. Solving the above equation,
we get three values of V, all of them may be real or one of
them may be real and the other two imaginary. If the
values of @ and b are known for a gas, then, for a particular
temperature, different values of P may be found out form
the above equation corresponding to different values of
V. Hence, for a given mass of a gas, we can draw theoretical
P-V isothermal at different temperatures. These
isothermals are called van der Waals’ isothermals.
Fig. 3.9 shows van der Waals’ isothermals (continuous
curves) and Andrews’ experimental isothermals for carbon
dioxide (shown by dotted lines) meant for comparison.

PRESSURE —»

2 4 6 8
SPECIFIC VOLUME —>

Comparing the theoretical isothermals with the
experimental isothermals of Andrews, the following
Fig. 3.9 remarks can be made :

(a) The two sets of curves are fairly similar. There is a good general agreement between the two.

(b) At higher temperatures, the two sets of isothermals are identical, e.g., the isothermals above
31.1°C for carbon di-oxide are identical.

(c) Some portions of the theoretical isothermals below critical temperature are wavy and not
horizontal as is found in the isothermals of Andrews’ experiment. So, these two sets of curves
are not similar in the region, where liquid and vapour co-exist. Below the critical temperature,
maxima and minima are observed in van der Waals’ isothermals. But the corresponding
portions in Andrews’ isothermals are horizontal.

(d) Now consider the isothermal (pgrstuv) corresponding to the temperature 21.1°C (below critical
temperature). The liquid portion pg and gaseous portion uv are similar to the experimental
curve. But in the portion grstu, the two types of curves are not similar. On the theoretical
curve, this part is wavy; but is horizontal in the Andrew’s curves. In the portion rst the curve
passes from minimum to maximum point. So, along this portion, volume increases along
with pressure, which is not possible in practice.

(e) With increase of temperature the maxima and minima approach each other. The

415 se two points
meet at c. Above critical temperature 7, curves do not have any maxima or m

Inima.

From the above discussions we see that van der Waals’ theoretical curves and Andrews’
experimental curves coincide and hence similar in major part of the curves. Sho, v G i
expresses the behaviour of real gas fairly accurately.
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