I -(1)

C % I M/ y) Inf%md%hét f/m/‘mz %u

7"7 ﬁ/b/ 2 mﬁ% 2%7-1621%&7%&?@ - //%A@ Zéa W //m ( 1 1l [m ”/'/W'/@o/ %y Lan thy /A}M/ﬁ faﬁ /M})

A J%PWL PVT nfsce soidh Phase T s 7h |
hswaied i ' ‘ 4
u ),L M—L The p-V-T relation of a pure substance.' \ 1‘0//0 W o }1/57& d}(k 7&% o ﬂj{?ﬂf / KM?/L
A Adlis (Z'SO ﬁl()/h//) ‘fb 3/ 79’( y@(ﬂ}ﬂ/J/@/
“E%m'lftmm Wﬂymml/mm” V?MW = /&'gmi > old ] W;JM

0 m/;w (oW
[Fos P07 W11 ]
VPOV~ & (i |
| %‘“5 il ! vi;Z/?ﬂ:)m
T " On@ [M"HIL C [ 0?/@[ /)0/)7%] MAZ(Z Yo

g - ﬂLﬂV@ A/“)H'C)fu 7%% 7 ho A/r’éﬁnﬁl/‘mfl/
%ﬂ/ﬁ)@m W/;ow ard Lid [Lwaa[// uie
j@ﬁﬁyﬂljmd I a};ﬂnj?@ ths part ]

}qenmwm ;JM /Jomjﬂ C a

? 112
e 0?1@ it br ( wa}/ﬁ?omﬂ a_{/L M(C)L W/MW, /6%%} e Eﬁtaﬁ( QMMW ‘)
| (oexist |




u)gmuj A0 'l_@

A typical PV T surface together with its P~T and P-V/ projections.
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. Solution: As nN4 = N, one could first rewrite the van der Waal equation into

@ﬂ M
s

NZa Nb
2
(p-i— N2V2> <V NA) NET (32)
n%a 1 b
-l ) = 33
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After expanding the terms and some rearrangement, one could arrive at
—1 ~9
p 1 b n‘a
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kT <" NA> NZkT (38
2 -1 5
b n%a
—al1- 22 — 35
" (1 NA) N3ET 68)

As van der Waals gas is a ‘correction’ to ideal gas in describing real gas, it can be expected that it is applicable to
1

‘relatively dilute’ gas, so 1’3—5" << 1. Therefore, to first order, (1 - ﬁ—") ~1+ 1’3—?\ Then,

NA
p - nb fi*a
i (1 + NA) NIkT (36)
b a
R O
=n+n (NA NikT) . (37)

One could then identify the second virial coefficient By = NLA - I—V—/gi’—’ﬁ Here a arises due to the attraction between
gas molecules, and b arises due to non-zero volume of the molecules. Whereas the contribution of a term to pressure
is negative, since the molecules become ‘stickier’, the contribution of b term is positive as it is more likely for the
molecules to collide. At low temperature, the effect due to @ term is stronger, but as temperature increases, the
effect of b term is stronger, since the molecules have more K.E at higher temperature to escape the attraction of
other molecules.
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