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GENERAL
Visitors

Professor D.S. Burch of Oregon State University joined the Unit
in October as a Visiting Fellow.

Technical developments

An increasing number of experiments require the use of vacuum
techniques superior to those which have employed conventional glass
vacuum systems, glass stopcocks and demountable seals. As part of
the programme to develop adequate techniques, a machine for
assembling and sealing vacuum tubes has been designed and built.

The electrode structures of many of the tubes are very massive

yet require the maintenance of close tolerances; it is therefore
undesirable to rotate the tubes horizontally in a conventional glass
lathe during sealing. The machine is therefore mounted vertically.
The positions of the non-rotating head and tail stocks are accurately
and smoothly controlled hydraulically; sealing is accomplished by
oscillating the flame carriage through about 300°0. A 6" glass
envelope can be sealed free of strain in less than ten minutes,
thereby reducing the risk of tarnishing the highly polished

electrode surfaces.

RESEARCH _PROGRAMME

Experiments to investigate electron attachment and the mobility of

mass identified ions.

The prototype apparatus for measuring the drift velocity of ions
of known identity was completed and a series of tests carried out to
determine the values of the design parameters for maximum current
transmission and mass resoltuion. These parameters were determined
and the design of the final apparatus completed. The apparatus is
designed to ultra high vacuum specifications and has facilities to
enable measurements to be made at 77°K and lower. The construction
of this apparatus is now well advanced. In the meantime, work is
¢ ontinuing on the prototype apparatus in order to obtain additional
information on the operation of this type of experiment.
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(2) Determination of cross sections for rotational excitation of molecules.

This year has seen a considerable advance in both the experimental

and theoretical aspects of this problem.

(a)

(b)

Experimental

In order to obtain data which can be analysed to yield
significant information about the cross sections for rotational
excitation it is necessary to make measurements of the diffusion
and drift of electron swarms at low temperatures. It was
reported last year that a drift tube for measuring the drift
velocity W and a lateral diffusion apparatus for measuring the
diffusion coefficient to mobility ratio D/ﬁ had been constructed,
but that difficulties had been experienced in using the apparatus,
particularly at low temperatures. The difficulties were
successfully overcome and a series of measurements were made of
W and D/ﬁ in “hydrogen and deuterium at 77°K. Measurements
were also made in deuterium at room temperature. As is the case
for other gases the data is characterised by much smaller random
errors and higher overall accuracy than are evident in previously
published data. Both features are essential for the application
of the analyses described in 2 (b). v

Attention was then turned to the problem of measuring the
transport coefficients in parahydrogen. At the boiling point of
liquid hydrogen (209K) the equilibrium concentration of parahydrogen
is in excess of 99%; furthermore this concentration can be
maintained for long periods at room temperature provided care is
taken in storing the gas. The parahydrogen was prepared by
liquefying hydrogen using liquid helium from the School's recently
installed helium liquefier. Ferric oxide was used as a catalyst
in a specially constructed cryostat, it being essential to
prepare hydrogen not only with the highest possible proportion
of the para form but also free from contamination by other gases,
particularly oxygen (section 5). The problems of measuring the
ortho-para ratio, and of obtaining an electron source which does
not reconvert the gas to the normal form, were solved previously
and were described in an earlier report.

The experiments themselves are believed to be the first which
have demonstrated the expected differences in the collisions
between low energy electrons and the two modifications of the
hydrogen molecule. When the energy distribution of the electrons
is controlled to a significant extent by collisions which cause
excitation of the rotational levels of the molecules there is a
significant difference between the transport coefficients
measured in parahydrogen and in hydrogen in its normal form.

At higher energies, vibrational excitation controls the energy
distribution and the coefficients are thereafter the same in the
two modifications.

Theoretical

A computer programme developed by the westinéhouse
Research Laboratories for solving the Boltzmann equation numerically
has been adapted for use with the IBM 360 computer. With this
programme it is possible to calculate any of the transport
coefficients provided the cross sections for the elastic and
inelastic collision processes are known or postulated. A
comparison of calculated and experimental results enables the
validity of the energy dependent cross sections to be checked.

The experiments described in 2(a) were done because, at
low energies, the data for hydrogen and deuterium are some of
the most straightforward to analyse for the influence of
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rotational excitation. This is particularly true of parahydrogen.
The currently accepted cross-sections for rotational excitation
do not appear to be consistent with the precise data from our
experiments and an attempt will be made to find cross sections
which are consistent with the experimental results.

Resonance in the momentum transfer cross section for electrons ipg helium.

During last year new experimental evidence was published which
supported earlier observations of structure in the cross section curve
below 1 eV. It therefore seemed worthwhile to see whether the effect
of such a resonance could be detected in the transport coefficients
measured in our experiments. Since a perturbation of only 2 - 3% was
expected it is unlikely that the effect could be observed in any data
previously published. By modifying existing techniques, the random
errors in our drift velocity measurements have been reduced to less
than 0.2% thereby allowing a search to be made for the perturbation
without great difficulty. No evidence has, been found to support the
existence of a resonance. This result is in agreement with recent
theoretical analyses of the cross-section; furthermore, the more
accurate cross section which has resulted from our new work is in
excellent agreement with the cross section calculated theoretically.

Diffusion coefficients from time-of-flight measurements.

Recent work published by another laboratory suggests either
that diffusion coefficients measured by lateral diffusion experiments
are in error by as much.as 50%, or that a difference of this order
exists between the longitudinal and lateral diffusion coefficients.
The work in helium reported last year appears to refute conclusively
the first alternative, while the second seems untenable on theoretical
grounds. Experiments were therefore made in this laboratory by a
somehhat different technique to check the experimental evidence
leading to these suggestions. Our results support the conclusion
that in general the diffusion of a plane M"pulse" of electrons is not
as large as might be expected on the basis of accepted theory. The
suggestion has been made that the experimental results may be due to
the energy distribution of the electrons being strongly dependent on
position. In general, such a dependence would reduce the spread of
the pulse and this reduction would normally be interpreted as being
due to a smaller diffusion coefficient.

Space charge effects in lateral diffusion experiments.

The experiments at low temperature described in section (2)
provided further confirmation of the influence of space charge
effects from negative ions formed by electron attachment. In the
experiments to measure DA; at room temperature, approximately 1 part
per million of oxygen in hydrogen produces a measurable dependence
of the current ratios on the total electron current. At 77°K a
similar dependence was observed with concentrations of the order of
a few parts in 1010, These observations were found to be quite
consistent with a theory based on the three body attachment of
electrons to oxygen. One consequence of these new results is the
further confirmation of the sensitivity of this method for measuring
attachment rates for thermal electrons in three body collisions.
Furthermore, it is clear that this phenomenon could form the basis
of a simple method for detecting concentrations of oxygen in a
carrier gas with a sensitivity two to three orders of magnitude
larger than any known method.

Miscellaneous

As part of the programme to measure and publish standard data for
electron and ion transport coefficients, measurements were made of the
drift velocity of electrons in carbon dioxide and of potassium ions in
hydrogen. A series of measurements of the "magnetic drift velocity"
in hydrogen and deuterium is nearing completion.
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