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need for it to be small for the sake of cooling and this dimension could be increased
indefinitely with a proportionate increase in processing capacity, an increase which
could, without undue enlargement of the apparatus, be of the order of hundreds of
times relative to the capacity of existing apparatus with the conventional (cooled­
front-and-back, Hannig-type7) configuration. Still further narrowing of such (cooled­
at-the-sides) apparatus would, according to the argument developed above, lead to
even lower rates of heat production as well as to an increased efficiency of cooling,
tendencies that would seem to provide an infinite possibility for reducing the problem
of ohmic heat production and therefore for scaling up.

However, implicit in the above argument is the assumption that the widths of
the Sl and S2 zones at the output end of the separator would be reduced in proportion
to the narrowing. One component of zone-broadening that would not conform to
this requirement is diffusion. The width of a narrow diffusing zone increases
approximately with the square-root of time and is almost independent of the initial
width of the zone. Therefore, halving, for example, the width of a narrow separator
would halve the passage time but reduce the width of the sample zone at the output
end by a factor of only ca. 1/v'2 = 0.707, so that narrowing would lead to this zone
occupying a greater proportion of the width of the separator. Thus, while narrowing
at constant throughput and voltage gradient would lead to less heat production, in the
face of diffusion it would also eventually lead to an unacceptable loss of resolution,
and because diffusion is irreducible in principle this effect would constitute a funda­
mental limitation in separator design.

Using essentially this approach, Philpotl considered whether by narrowing the
model separator shown in Fig. I it might be possible to reduce ohmic heat production
to such an extent that all of the heat could be taken up by the flowing solutions themsel­
ves to result in a harmless temperature rise, obviating altogether the need for cooling.
In formulating rate of heat production in a separator operating to produce, in the
face of diffusion, a 95 % separation of the two hypothetical components, he derived
the expression

Ll T = 7.38kD/om2

relating Ll T, the increase in temperature of the solutions that occurs as they traverse
the (adiabatically operated) separator, to k, the specific electrical conductance of the
solutions (taken to be the same for Band S), D, the diffusion constant of the two
sample components (taken to be the same for both), and om, the difference between
the electrophoretic mobilities of the two sample components. Philpot's conclusion
was that a given degree of separation of the sample components would involve a
certain expenditure of electrical energy per unit throughput of sample (proportional
to adiabatic temperature rise) which would be determined entirely by solution
parameters of the system and independent of the dimensions of the apparatus. Or, in
other words, that there would be a one-to-one relationship, independent of separator
dimensions, between heat production and resolution. Philpot calculated that as a
consequence of this certain separations would be impossible in adiabatic apparatus
because of the extent of the heating that would necessarily be involved, but at the
same time that many useful separations would not be precluded by this effect.

However, Philpot's published analysis was based on a conveniently simple
but approximate expression for diffusion, which would apply strictly only to the
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