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The Origin of 1/t Pressure

Taekyun Ha

A variety of metal vacuum systems displays
the celebrated 1/t pressure, namely, power—law
dependence on time t, with the exponent close to
unity, as to the origin of which there has been
long—standing controversy. Here we propose a
chemisorption model for water adsorbates, based
on the argument for 2D fermion behavior of
water adsorbed on a metal surface, and obtain
analytically the power—law behavior of pressure
with an exponent unity. Further, the model
predicts that the pressure should depend on the
temperature T according to T, which is indeed

’

confirmed by our experiment,
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[Fig. 1] A typical pumping down curve for a metal vacuum system.
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[Fig. 2] Particle conservation in a typical pumping system.
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[Fig. 3] A diagram describing the energy state of gas phase and
adsorbed phase.



[Fig. 4] Various possible structures (cluster, molecule or fragment) of water
on adsorption.
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[Fig. 5] Transmutation between boson statistics and fermion
statistics.
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[Fig. 7] Schematic of the metal (stainless-steel) vacuum system used
in this experiment. The test chamber has a volume of about 42 |
and an internal surface of about 10,600 cm? whereas the diameter
of the pumping orifice placed at the end of a short high vacuum
line, 8 cm long and 15 cm diameter, is 0.8 cm.

[Fig. 8] Sample set of pump-down curves, displaying the time
evolution of the system pressure on a logarithmic scale. The dashed
line represents the extrapolation to estimate the intercept on the p
axis.
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[Fig. 9] The initial number of adsorbates and hence the chemical
potential (related by equation (3a) at t = 0) should be the same for
each experimental run. We choose the numerical value of the (bare)
chemical potential 4, = -0.677 eV and determine the initial pressure
according to: p=(mkT/21h?)>*kT exp(uy/kT).
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[Fig. 10] Pump-down curves at various temperatures.
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[Fig. 11] Proportionality coefficient ¥ in equation (8) versus
temperature T, presented in the logarithmic scale. (slope=1.515)
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