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{vi)

This thesis descrilbes the mcasurcment of
poartial photolonlzation cross-sections for processes
which lend to the formation of the ion in o particulear
guantum state. Partiel cross-sections for oxygen,
nitrogen and water vapour have been measured.

Previous determingtions of photoionizaticn cross-
dections have been limited to measuremsnts of the total
cross~section for a multipliecity of processes correspond-
ing to transitions to any one of a number of guantum
states of the ilon. Two examples of total croses-section
neasurements are presented in this thesis, Total
croass-sections of molecul#r cxygen have been measured in
the region from 1050 2 to 1250 £. This reglon includes
the wavelength of hydrogen Lyman-g, an important emission
line in the solar spectirum. A double parallel plate
ion chaunber has been used to medasure total photeionization
croas-scotions of nitric exide in the region 1150 £
to 1350 ﬁ. This chamber has also been used with argon
to measure absolute beam intensities according to the
method of Samson.

The partial photolonization cross~sections have
been determined by recording the energy spectra of the

photo-electrons, - The spectrometer, which was of the
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retardling potential type, consisted of three concentric
cydindrical electrodes: a collimating electrode, an
anslysing grid, and an anode. A one~metre near normal
incidence moncchromator has been used wiith o slit width
correspoanding to a resolution of 10 E. The menochrom-
ator has been equipped with a helium capillery discharge
lomp powered by a condeused spark discharge.

Electron energy uspectra have been recorded by
differentiating the output of the clectrometer which
meesured the electron current at the anode, and applying
this sipgnel and She retarding voltapge to the ¥ and X
axes respectively of an X-Y ce-ordinate plotter.
Smoothed upectra have been obtained by dipgitising the
spectra and using tite memory storage of a multichannel
analyser to add sgeveral scans of the spectrum.

Interpretation of the spectra has been aided
by a study of the spectra of argon and hydrogen, which
contkeln & single line and a single band respectively 1n
the range of Wavelengfhs used., The peak in the argon
spectrum had a width at half height of 0.4 eV under fthe
best conditions.

Spectra have been obtalned over a wa¥elength
range from the threshold for the firat exc¢ited state of

the lon to 584 & for oxygen, nitrogen and water vapour,
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The relative area associsted with each peak has been
measured, and this informetion combined with the total
photoionization cross-section data of Cook and Metzger
to produce partial cross-sections.

The paftial cross~sections of oxygen show the
thresholds of the b“zg and a”nu states of 0,%; the
Agﬂu and the aqﬂu states are not properly resolved,
The continua are seen to have the form of a step
function modified by competition between the continua,
and by eautoionizing processes, At wavelengths longer

h

than the a Hu threshold the spectra have a large peak

at low energy as well as the peak corresponding to the
2Hg ground state. It 18 suggested thaet fluorescence
occurs from a hipghly excited level of 0, before auto-
ionization to.the Xaﬂg state of 0%,

The nitrogen results show the thresholds of the
B0 Y and AN states of N,¥. ALl the continua have a
maximum just below the threshold. The BEZu+ continuum
has a maximum value which is less than half the maximum
velues of +the Agﬂu and. Xaﬂg* continua.

The water vapour results show thg continuag
corresgponding to the 231 and 2A1 levels of H20*, and

another corresponding to dissociative ionization. Thes

continua have little structure, and the onset is more
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gradual {thaun in the case of oxygen angd nitrogen.
The partial photoionization cross-sections
have been used in celculations of +the energy distribution
of primary photoelectrons in the ionosphere, and in
calculations of the overhead intensities of various

fluorescent band systems emitted in the ionosphere.



