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ABSTRACT

During the last ten yeers, experimental data have I
' been obtained, mainly in Indian laboratories, abocut theI
effect of external irradiation by visible light on the |
current of an eleectrical discharge through certain
electronegative gases, This effect is seen ss a
reduction (or in some cases, an enhsncement) of the
discharge current on exposure to visible light, Most |
of the previous work has been done on &,c¢, discherges, }
which favour the observations by showing & substantial
reduction in the discharge current, However, since
the different prccesses involved in an electrical

discharge are better understood in the case of d.c.

discharges, the present study was initisted with a viewl
to obtaining experimental evidence in the case of a d.ci
discharge, which may elucidate the primary processes
responsible for the observed effect of visible light,

The experiments were conducted in air and hydrogen,

which are known to exhibit the said light-effect; and
the range of pressure had to be limited to low values
so as to obtein conditions favourable to observe the
| effeect. Special split-electrode geometry wes used
to observe separately the changes in the eurrents

flowing elong the walls and near the axis of the f
discharge tube, Two technigues were used to obtain

the information sbout the constituent parameters of the

|
discharge, in addition to measuring the effeect of light |

on discharge current, A Leangmuir probe was used to ‘
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investigate inside the discharge and the noise
spectrum of the discharge was also studied 1n the
range of 20-~1000 Mc/s, using an external eoupling,

The probe measurements were made in the plasma
of the positive eolumn of the discharge, Attempt
was only made to measure the positive ion eurrent to
the probe, which showed a deerease in value on exposure
to light, In view of the possibility of photoe
dissociation of diatomic moleecules into single atoms,
& plausible explanation is advanced, supported by the
observations of the effect of light on different parts
of the eurrents, measured with the split eleetrode,

The noise speetrum from the discharge was found
in a band of frequencies which eoculd na2ither be
related to plasma electronic oseillations nor to the
plasma ionic oseillations, The observed noise
seemed to be produced by a series of very narrow
pulses at a repetition rate of a few ke/s, On expos=
ure to light, the general trend was a diminution in
the heights of thsse pulses and, in some cases, the
lowering of the frequeney of oseillations, The
process of generating the observed slignels is discussed
in the light of their association with the different
types of charged particles,

Results of an attempt to measure the time-lag of
the irradiation effect by uging brief pulses:of light
are given at the endj and a note on the econditions for

formetion of stristions is included in the appendices.
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CHAPTER I,

INTRODUCTION,

1.1 During the last ten years, a good amount

| of experimental data have been obtained, mainly in

Indian lsboratories, about the effect of external
irradiation by visible light on the current of an
electrical discharge through certain electronegative
gases, Under suitable conditions this effect is
seen, in most cases, as a reduction of the discharge

current on exposure to visible light,

1.2 When electricity passes through a gas from
one plane electrode, to another parallel to it, the
phenomena taking place are many asnd complicated, At
any point in the body of the discharge, ions are
being produced by electron impacts, are disappearing
by recombination, are diffusing away, and are being
carried away by the electric field. These different

processes, viz, ionisation of neutral particles, the

. non=uniform distribution of charged particles, snd

the attachment of charged particles to neutral

particles had been the subjects of study, of many

| workers, since the beginning of this century,.

1.3 The effect of external light and of impurities

on the different processes occuring in a discharge
tube were first studied by Thomson (1928) and later
by Pennine (1928 and 1932). 1In his studv of the
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effect of external light, Thomson observed that ir

the applied potential isdlightly less than the I
break down potential (i,e, the potential st which a I
visible glow-discharge appears) snd the discherge tube
is exposed to light, the discharge takes place,

This effect is also observed even if the metal
electrodes are screened from irradiation or even

in the electrodeless discharge, In Penning's
experiments, in which the effect of neon illumination
on a corona discharge in contaminated neon wes
studled, he was using the resonance frequency for

the external irradiation and hence the observed

reduction in the discharge current could be attributed

to an increase in Vi, the breakdown potentiasl,

1.4 In 1940, Joshi observed [ Joshi & Narsimhrao
(1940), Joshi & Deshmukh (1941)] that the r.m.s.
value of the discharge current in a glass ozonizer,
filled with chlorine at a pressure of about 10 em.

of Hg, and excited by an alternating potential, at a

frequency of 50 ¢/s, decreased when the vessel was |
exposed to external visible light, If the irrediet-
ing source was removed, the value of the current was

restored to its previous value, This differs

was observed with a range of irrediation frequenecies

[
|
fundementally from Penning's observations in that it !
which were quite different from the resonance rrequencq

for the particular gas, 1
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1.5 This reduction in discharge current on !
exposure to visible light was later observed in gases !
other than chlorine, such as oxygen, nitrogen, air, i
hydrogens elso in vapours of other halogens like
bromine and iodine and in mercury vapour, It has

| been studied for various values of epplied potential,

gas pressure, intensity, frequency of irradieting
sources etec., and the following are the prinecipal !
conclusions reached: '
1,541 (1) When Vg, the potential applied to the
discharge tube 1s less than Vi, the breskdown
potential, the dlscharge current increases due to

the action of external light, [ Sueh an inerease

in the discharge current due to light is denoted,
henceforth, throughout the following text as ( +AL )al
When the applied potential is more than the breakdown
potential, the discharge current decreases on exposure

to external irrediation. [ Such a deerease in the

discharge current due to light is denoted, henceforth,i
throughout the following text as (- AL ),] As |
Va/Vp, the ratio of the applied potential to the ‘
breakdown potential is gradually increased, the !
magnitude of the decrease in current, (=-AL ),
increases, reaches a maximum and then begins to
decrease, In some cases, at large values of Vg, a
small increase in (- Al ) is again observed, [Prased ;
& Jain (1947), Mohanty & Kemath (1948a), Rso & Sharma
(1949) and Deshmukh (1949a).] A typical curve
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- nature of the gas and the geometry of the discharge

o B w

summarising the above deseribed dependence of ( 4L)
on Vg is sheown in Fig., 1(A). '
1,5.2 (2) 1In the case of a,ec, discharges,

the magnitude of the reduction in current, on qxposursi
to visible light, decreases with increase in the |
frequency of the eapplied alternating potential, |
[ Mohanty (1949a) and Rao & Sharma (1949).] A el
typical manner of this behaviour is shown graphically |
in Fig. 1(B).

145:3 (3) The magnttude of the reduction in

current on exposure to light, is found to increase with

py, the pressure of the gas inside the discharge tube,
It reaches a meximum velue and then falls.with a furthfr
inerease in pressure, [Johhi & Deo (1944a), Mohanty |
(1949b) and Vishwanathan (1949),] The eritical

pressure at which the meximum effect of light is |

observed in & particular case, depends upon the

tubes In Fig. 1(C) is illustrated this behaviour
of (=AL) with respect to ps

1e504 (4) The magnitude of the diminution in
currenk'is also observed to be dependent upon "sgeing",

i.e, upon the time for which a discharge is allowed

to run, before the observations are taken.,

[ Mellikarjunceppe (1948), Deshmukh & Dhar (1949b)
and Mohanty (1951).] The general mature of this
influence is as shown in Fig. 1 (D).

1.5.6 (5) The observed effect of the variation




~discharge was, in most cases, indirect, the available
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in the intensity of the irradiating source on (-Al )
is as shown in Fig, 1(E). The megnitude of the
effect first increases with intensity and then
reaches a saturation value, [Joshi & Deo (1943),
Mohanty & Kemeth (1948b) and Rao & Sherma (1949).)
1.,5.,6 (6) When one uses different wavelengths
for the external irradiation, the effect appears to
decrease with wavelength as is shown by a typical
example in Fig, 1(F). [ Deo (1944), Joshi & Deo
(1944a) and Mohanty & Kemath (1948b).,]  Canac et al
(1950) have recently reported a similar effect using

extremely short wsvelengths,

1,6 Most of the previous work, which is summariaed

above, has been done with discharges excited by an :
|
alternating potential difference and al though |

|

attempts have been made to advance explanations to
account for the observations, several points of disput
arise when & unification to form a theory is pursued.
This 1s, perhaps, partly due to the faect that the

theory of the a.c. discharges is not fully developed

because of a lack of accurate measurements of the ;
fundamental parameters of a discharge, which are ofteﬁ
complicated by alternating potentials, Thus, i
although numerous measurements have been reported,

since their relation tc the known parameters of the

information has not been adequate in many respects.

e



- 8 =
1.7 The present work was, therefore, initiated
with a view to make experimentai obgservetions under
simple conditions found in & d.c. discharge, Use
can then be made of the better formulated theories of
d.ce discharges for elucidating the primary processes
responsible for the observed effect of light, Some
of the methods employed for measurements are original
end are not known to have been used in any previous
work on the subject. The better knowlecdge about
the various processes that could be expected in |
simpler conditlons of d.c. discharges was thought to
be a definite advantages Further with the more direc
way of investigation inside the discharge by a probe,
more specifie significance could be attached to the
observations as well as the inferences derived there-
from, It was also hoped that a comparison of these
with the already known facts might be useful to test
the validity of explanations relating to the cases

of a,c. discharges,

1.8 In an elegtrical discharge through a gas,
the magnitude of the discharge current is determined
by the number of charged partioléa arriving at the

electrodes per unit time, This we can write as:

{ =7 nekx RGBT

where L is the discharge current

n is the number of charged particles

carrylng & charge e,
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k is the mobility
and X is the externally applied field under
whieh the charged particles are |
moving.,

The sign, sigma (2 ) denotes the summation of
ell the individual contributions by the 4l fferent
kinds of charged particles, nemely eleetrons,
positive ions and negative ions, If a change in (
occurs, it could be expected to be assoeciated with
a change in ona Oor all the parameters of the right

hend side of cquation (1l.8.1). The external
irradiation by visible light has obviously no effect

on the values of elther e or X, once the discharge

is struek., Therefore, a change in ([ should be

referable’ - to either a change in n or k or both.

1,9 Change in n:

The field distribution and the ion and eleetron
concentrations are different in different regions
of the discharge tube, The magnitude of the
effect of external irradiation by visible light could,

therefore, be expected to vary in these different

regions of the discharge, Agashe (1951) has shown i
that the maximum effect is observed in those portions
of the dlscharge tube where the glow of the positive
column appears, The positive column contains ions,
both positive and negative, and electrons, Because
of the lighter mass and hence greater veloeity of the

electrons, the current in the positive column of a




; positive column of the discharge to external visible |

| 14961 Thomson & Thomson (1933, p. 374) has given th
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discharge 1s mainly due to the motion of eleectrons,. ‘

A decrease in the discharge current on exposure of the |

light eould, therefore, mean & decrease in n, the

number of free electrons,

various causes for the loss of eleetrons in the

|
|
| positive column, They are: (a) Recombination !

of electrons with positive ions to form neutral |
moleculss or atoms, (b) side-diffusion of the eleectrons
to the walls cf the discharge tube and (e¢) loss of |
electrons by way of their attachment to form i
negative ions, The possibility of a modification

in these processes, responsible for loss of electrons
by the action of external irradlation could be '
examined in further detail: i
1.9.2 (aj The process of recombire tion of positive
and negative particles 1s known to be almost negligiblé

l
in the case of glow discharges., Compton ot al (1924) |

have reported that the luminosity of the positive i
column results from the process of readjustment within‘
the atoms or from partial 1oniﬁation only., Thus |
any appreciable increase in the loss of electrons due
to more recombination under light, seems to be very
improbables,

1,93 (b) The rate of side-diffusion of electrons
is related to the temperature of the gas and any

change in the diffusion rate would manifest itself
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with a corresponding change in the témperature of the |
gas, The intensity of the source of the external
irradiation is far too low to warrant any significant
rise in the temperature, Minute changes in pressure,
observed under irradiation, are also too sudden to be
attributed to a change in the temperature of the body

of the ges, [Agashe(1952)]. |

| 14944 (e) In the posi tive column of a gas disshargo,!

electrons could also be lost by their attachment to
neutral particles, to form negative ions, This
attachment depends upon the 'electron affinity! of bhsl
particular gas, Thomson (1916), Massey & Smith (1936”
and Smyth (1931) have studied the egquation of attache |
ment of electrons to neutral molecules, The main !
three influeneing factors are (i) the nature of the ]
gas, (ii) the collisional frequency of electrons end
(111) the emergy of electronss

1,9.,4(a) (1) The nature of the gas:t In the study }

of attachment in various gases, 15 was first found
that electrons will not attach in helium, neon,

nitrogen and hydrogen, if these gases are pure; vhile
they will do so in oxygen, sulphur dioxide, chlorine
and hydrochloric acid gas, More recent observations

[ Branscomb & Fite (1954)] have experimentally

esteblished the identity of negative ions formed
in hydrogen discharge also,. The attachment of
electrons to chlorine or hydrochloric aeid ges f

molecules is believed to be preceded by their dis- I
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sociation into CL' end CL or B and 6 ., Wahlin
(1922) reports that, in general, elestronsattach
| more readlly to dissoclated fragments, It is to be
| noted that the influence of external irvadistion by
| visible light is mostly observed in diatomic molecules

i like Hp, Ng, 0z, Clg, Bro, Is ete., Hudson et al
| (1930) have said that when adsorped oxygen and water |
| vapour eame out to eontaminate a tube filled with |
argon, negative ions were found to be formed readily, |
Deshmukh (1947), in his study of the effect of external
visible light on different gases, gives their order,
according to the amount of effect  they show, under
similar conditions, as Hg < Ng < Air < Og end the
electron affinity of these gases varies- precisely

in the same order,

1.9.4 (b) (11) The collisionel frequeney of electrons

This second faetor influencing the attachment of

electrons to neutral particles forming negative ions,

obeys the gas-kinetic laws, A change in this factor
would naturally be assocliated with a corresponding

; change in the pressure or temperature of the ges,

The plausiblility of modification by external irrsd-
iation is therefore simller to the one as discussed
already in 1.9.3.

1,944 (¢) (11i) The energy of electrons: The J
electron attechment 1s also governed by the average
energy of eleetrons, which in turn depends on the

distribution of electron energies in the body of the
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gas, According to the laws deduced by Maxwell,
which deal with the case known as the Maxwellian

| distribution of energles, the distribution function

| is given by (eited by Loeb (1947), p. 653)

i Nae= (w)%.(kT)an.'e -dE - --(1.9.1)

where N,z 1s the number of particles out of a total

of N, which have the energies between E and

(E + dE)

end kT represents the kinetic energy of the partielé.
The aversge distance, d, which an electron moves |

in a field X, before attaching to a neutrel molecule

is |
FHRCE ) 0.6 VR SISO R U

where n 18 the average number of impacts with gas
molecules before an electron can attach ‘

ke is the eleetron mobility

and t is the time an electron spends between 1mpaot§fi
14948 Thus the probability of attachment of _
electrons to neutral molecules depends upon X/p.

From their exporiments for the determinetion of the

probablility of attachment of eleectrons as a function

| of X/p, for various gases, Bloech & Bradbury (1935)

have plotted a relation between the average electron

energy and the varistion of the probability of |

|
% The guantity t may be evaluated from the ratio of |
the mean free path to the veloeity of agitation (L/E) |
which is related to ke, by the Townsend's e uation

'ke.“‘" '%%'oi' % (%) -
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attachment, This curve is reproduced in Fig., 2(A).
Frém the results published by Mohenty & Kameth (1948b)
glving the dependence of the percentage effectTor
external light on Vg and p, & curve is drawn, as
shown in Fige 2(B), for the variation of percentage
effect with X/pse It is seen that these two curves
are quite similar in nature,
1,9.6  All this evidence, therefore, strongly
suggests that the change in the discharge current due
teo external visible irradiation is likely to be due to
a change in n, the number of free electrons in
the body of gass This change in n is prbbablj
due to the loss of electrons mainly beecause of their

attachment to neutral molecules to form negative ions,

1,10 Chenge in k:
The right hend side of eguation (1.8,1) contains

another factor, with which the influence of external
light eould be asscciateds This is the mobility
term k., Sueh 2 possibility of a change in the
moblility of charged parficlas has been discussed by
Agashe (1952), By foliowing a method similar to the
one by Chattock (1899 and 1909) in which simultaneous
measurements of the changes in the discharge current

and in the pressure of the gas were made, he concludes

+ The percent light effect (denoted elso in figs 1(A)
eand 1(D) ) is calculsted as follows, If, the original
discharge current (in dark) i, reduces to i, on
exposure to light, the net effect is ip-i, (= -Al),
and the percentage effect is [(ip-i.)/ip]xtoo (= ZAL ),
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that there is a reduction in the average mobility
of charged particles, According to Langevin's theory
of mobility

Lot tmE. e i 633000
where M 1s the mass of the charged particle,

Therefore, a reduction in the average mobility under i

external irradiation could mean an inerease in the |

average mass of the chhrged particles, This may |
heppen when more ions are formed by external
irradiation, The electrons moving under the
influence of the applied external fileld ean brihg
about lonization in two wayss They can produce
positive lons by knoecking out the electrons from
neutral molecules with the energy aequired by their
velocitles, or they can attach to neutral molecules
to form negative ions,

1,10,1 For formation of a greater number of pos-
itive ions by eleetron impaet under external light,
the electrons should acquire additional energy for

inereased ionization by collision or some extra
electrons of sufficient energy of ionization should
be present under external irradietion by visible
light, A greater number of negative ions, on the
other hand, could be formed under light if the factors
responsible Ifor their attachment to neutral molecules
are influenced by the external light, as dliscussed
earlier,

1,10.2 Since the frequency of the visible light




used for external irradiation is quite different
from the resonance frequency of the gas, any mech-~
enism by which the elegctrons could acquire additional
energy from the external light to form more positive
ions, cannot be conceiveds Formation of negative
ions, therefore, appears to be reasonably reaponaibla.;
Whether the external light fawvours the attachment
of only the available electrons or more electrons
are given out by some kind of photoelectriec action
which attach to neutrsl molecules forming negative
ions, igthe question to which the available literature
on the subject, seems to provide no satisfactory

answer.,

1,11 The pressnt investigation was, therefore,
planned to obtain direct evidence of establishing the
process of formation of the negative iocns, Mass
spectrometric analysis was considered, but the

designing end setting up of such suitable experiments

(as discussed later in 4 L2 ), speecially for these
observetions, based on rather a speculative theory, |
wag not possible within the available eonditions
and resources, In spite of its limitations, the
Lengmuir method of investigations by 2a probe was,
therefore, adopted, becatise of its simplielty of

instrumentation.

1.12 The previous experimental data on the subject
|
using a.c, discharges has been, in many cases, .
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supplemented by the study of the high-frequenecy
oscillations gensrated by the discharge. [ Joshi
(1944b) and Harries & Engel (1951).]  High
frequency oscillatlons have also been previously
observed by many workers in the case of d.c,
discharges, [Appleton & West (1923), Tonks &
Langmuir (19293), Cobine & Gallagher (1947 a and b)
end Armstrong, Emeléus & Neill (1951),] Since
these osclllatlons are associated with the movements
and ooncentragaons of charged particles in the
discharge, thia‘fechniqua was also employed in the
present study to get additional information which

may corroborate the probe measurements,
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CHAPTER II, -

THEORETICAL SURVEY OF THE PHYSICS OF THE

GLOW DISCHARGES.

2,1 The expression !'Klectrical Discharge' for

a flow of electricity in a gas was probably derived
from early experiments of Coulomb wherein he showed
that a charged electroscope is caused to 'discharge!
by a certain process, Later, during his invest-
igations about low pressure discharges, Faraday
introduced a term 'glow discherge!, to distinguish
it from the other two main types of continuous
discharges, namely 'dark discharge! and 'an arc
discharge', Following the discovery of X-rays by
Réntgen in 18956 and of the electron by J. J. Thomson
in 1896, a detailed quantitative work was initiated
for the study of the mechanism of gas discharges where
the eleectrical, optical and the assoclated chemical
properties of the discharge are expressed in terms
of atomic data like charge, mass, mean free path,
dielectric constant, gas pressure, temperature etec.

and sometimes the geometry of the discharge vessel,

242 AVERAGE PROCESSES: The mechanism of the

discharge is governed by certain average processes,
among which ares
(1) The mobilities of charged particles which

are related to the applied electrical field.
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(2) The energy distribution or the variation
in energy among the number of particle population |
in a discharge, and

(3) The first and second Townsend Coefficients
(% and ¥ ) for the ionization of the gas and for
production of secondary electrons,

The role of the first two processes, in the
present study, has already been discussed earlier
in 1,10 and 1,9.4(c) respectively, The mechanism |
of the two Townsend Coefficients is elosely related

to the indivlidual processes occurring in a discharge,

end is discussed in detail below,

2.3 INDIVIDUAL PROCESSES: 0f ell the individual

processes associated with a glow discharge, ionization
is the most vital one for the self-maintenance of

the discharge. This mechanism of production of new
electrons is assoclated to the process of ionization |
by collision. At any point in the body of the
discherge, electrons, ions and neutral ges particles
- both in excited and ground state ~ are atmultaneousl?
present, Each of them is, therefore, responsible for%

|
the process of ionization.

2.4 Ionization by electron collision: Electrons,

while moving under the applied field, can have three
types of collisions. (a) elastic collisions,
(b) execiting collisions and (c¢) ionizing collisions,

The total cross-section of collisions by eleetrons
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is, thus, the sum of all these three different types.
The relative percentage of these processes in the case
of H, 1s shown in Fig, 3 as 1s given by Penning |
(1938).,
2.4,1 (a) Elestic Collisions: When eleetrons
are moving in a swarm of gas molecules, depending
upon the value of the meun free path, which in turn
is governed by the pressure of the gas, they suffer
collislons with gas molecules, For all energles
below excitation or lonization potentials, such
collisions are known as elastic collisions wherein
the energy of the electron remains substantially
unchanged, This follows from the faet that since the
mess of the gas molecule is large compared with
that of an electron, the energy loss, as reguired
by the laws of conservation of energy and momentum,
is insignificant, From the electrical point of view,
such collisions are, therefore, of little importance,
2,4.2 (b) Excitation Collisions: The process
of excitetion collision can be denoted by

A+ e —> £ + @
where A 1s the normel atom, e the slectron and_A?
the excited atom. The probability of exeitation,
which 1s the ratio of the cross-section of excitation
to the kinetic theory cross-section, depends on the
electron veloclty, It 1is zero at the excitation
potential and rises to a meximum velue lying
generally between 0,001 and 0,1 at a small voltage

above the exeiting potential, Thereafter, it 1is
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known to fall greadually, 1In the case of hydrogen,
the relative probability of excitation collision is
33,5 for the incldent electrons of an energy of 100 ev |
and rises to & value of 45,3 for 1000 eV electrons,

The ionization and excitation cross-sections for
various transitions of hydrogen are given in Appendix b.
24443 (c) Ionizing Collision: This type of !
collision is denoted symbolically by '
A +e — A + e + @
where A is the positive ion of gas A, The cross-
section of ionization 1s agaln zero at the ionizing
potential, increases to a maximum and then slowly
begins to decrease,. In the case of atomie hydrogen

the maximum eross-section for ionization is sbout

the corresponding figure for moleculer hydrogen is
Lol x 10 em* for electron energy of 70 eV. The
probability of ionization, which 1s dependent on the
electron ensrgy has a maximum value generally greater

than the corresponding quantity in exeltation.

2.5 Ionization by positive ion collisions:  When

electrons collide with neutral gas particles in a
discharge, they form positive ions, which ere drawn

towards the clectrodes, under the action of the

externally applied electric field. These positive
ions themselves can sometimes cause further ionization
by impact, The mean free path of positive ions is

4./2 times that of electrons and hence thelir total
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collision cross-section is correspondingly higher,
As a result of this higher freguency of eollision,
together with their greater mass, the poscitive

ions can only acquire energies much less in comparison |
to the electron energies, This reduces the chances of

further ionizing collisions of positive ions with

neutral gas molecules to a rarity.

2.5.1 Positive ions can suffer another type

of change in their energies by recombination in which
the liberated energy can appear either as a kinetie |
energy of a three-~body collislion or as an emission
of & quentum of radiation,

2,5.,1(a) The wells of the discharge vessel are very
efficient in favouring the three-<body collisions,
Hence, in conditions where the mean free path of
positive ilons a;: comparable in magnitude to the
dimengions of the discharge vessel, this process is
believed to be important, Most of the previous work
on the study of the effect of external visible light
on glow discharges had been done with alternating
potentials using ozonizers for discharge vessels,

The discharge was, therefore, confined in annular
spaces of smaell widths and the importance of the
dependence of wall processes on the observation can,

therefore, be readily realised,

2.5.1(b) In the radiative recombination process,

there can be an emission of radiation of any wavelength

up to a maximum wave number, This can symbolically

i
|
|
|
|
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be written as
AN+ e > A+ hy,

or A"+ B — AB + hv.
where e 1is an eleetron end B 1s a negative ion,
The emitted wavelength mey be very short to have its
own after-effects as mentioned later in 2.6, In
the process of recombination, an electron can combine |
with its parent ion or with another positive ion. |
The former has been termed by Loeb (1947, p. 87) as

'preferential recombination! and the latter as 'volume

recombination!, Quentitative experimental work on

radiaetive electron-ion recombination is rare and hanc?
the relative importance of the sbove two processes |
of positive ion annihilation, which in a particular }
glow discharge depends upon the nature and the i
geometry of the gas column between the two electrodes,

is difficult to assess,.

246 Rediation may also be produced inside a

discharge by the return of excited atoms to lower or

ground states, i,e.
A > A + hw "
This radiation may be of & sufficiently short wave
length to ionize those impurities in the gas, which
have lower excitation and ionization potentiels,
Alternatively, this radietion can have a photo-electric
actlon on the cathode to produce secondary electrons,

In the present study, most of the impurities in hydro-
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gen as given in 3.3-4, except oxygen, had ionizing
potentials higher than that of hydrogen (vide
Appendix C).

2.7 Another individual précesa in a discharge,
which is of particular interest when studying the
effect of externsl irradiation, is photo-excitation
or photo ionization,
A+ av > K

or A+ hv — A +e
The first, i.es excitation by a photon is an unlikely
process, unless the rhoton energy 1is close in value
to the excitation potential, The discharge vessels
used in the present study weré made of pyrex glass,
which has & cut-off value for transmission et & wave-
length of about 2600 x 10”8 em, as shown in Fig. 4.
The series of lin2 spectra of atomic hydrogen are
also shown at ths bottom of this figure on the same
scale of wavelengths, The most part of the maximum
intensity of the eontinuous spectrum of molecular
nydrogen, which falla at a wavelength of about
2600 x 10°° em. lies out side the relative transmission
curve for pyrex glass, The latter process-of photo
ionizetion, which is the converse of electron-ion
recombination, is doubtless similar in character to
photo-electric effect and such phenomenasas the
exciting of H/F currents in conductors by electric

waves end the polarization of dielectric media, when
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| traversed by eleectric waves. Massey, (1950) gives ‘
an absorption cross-section for H, at the spectral

limit, of 0,6 x 10-17 em“ B

|
| |
2.8 In the general ionization process, metastable |
etoms pley an important role, In a metastable state !
the valency electron of an atom moves in an orbit, |
whose energy 1is greater than that of the normal orbit,
but a reversion from this orbit to the normal with
an emission of radiation is forbidden by the selection
prineciples, The length of time for which the stom
persists in a2 metastable state will presumably be longer
than for the ordinary excited state, for th§ ordinary
state 1s terminated by the emission of a guantum of
radiation, a process which is usually determined by
the internal mechanics of the atom, The energy of
the metastable state, however, cannot escape from the

| atom without the co-operation of some external agent,

The life-time of a metastable atom is, therefore,

|
ugually greater than that of a normal exéited state, 1
|

by a factor of about eight, Moreover, the electricallT _
neutral state of the metastable atoms enable them to ;

\

penetrate in different remote regions of the discharge.

2.8.1 Metastable atoms may gain an additionsl
energy by ceollision, which would first raise them to |
a normel excited state, and then allow them to return
to the ground state by emission of & quantum of rad-

iation, When an electron of mass m collides with
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another particle of mess M, the frictional loss in
its energy is 2,66(i/M), In the case of Hydrogen
the mass ratio of an hydrogen atom to an electron
has a value = 1837,5., Hence, the additional energy
which a metastable atom could gain in its collision
with an electron is only 0,001447,

2.8.,2 A metastable atom can ultimately diffuse
to the cathode and if sufficiently energetic, it can |
produce secondary electrons, However, if there are
impurities present in the gas, which have energies of
ionization less than thet of the metastable atoms, the
metastable states of the atoms are destroyed much
sooner before they have any chence of falling on the
cathode and producing secondary electrons, The

variation in the voltage-current characteristic of

glow discharges,when irrediated by 'resonance!

frequencies, is also due to the metastable atoms present
in a discharge. Irradiation by strongly absorbed
radiation diminishes the concentration of metastable

atoms, removing them as sources of secondary ionlzation.

By using filters for absorbing lines in the case of
Heliﬁm, Meissner & Miller (1952) have proved that

observed effect was explicable by considering the

possible transitions involved,
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CHAPTER III

THE APPARATUS AND EXPERIMENTAL ARRANGEMENTS,

3.1 The experiments were carried out with two

different vacuum systems, A and B which ere shown
schematically in Figs. 5 and 6. The experiments

in the case of discharges in air were carried out on
the vacuum system A, shown in Fig, 53 and it was
originelly intended to carry out the experiments with
hydrogen also with the same system, However, as
discussed later in 3.,2.6, the latter half of the
experiments with hydrogen were subsequently performed
using the vacuum system B as shown in Fig, 6. This
second system was essentially the same in nature as the
first one, with an additional advantage of obtaining

2 better purity of the gas,

3.2 VACUUM SYSTEM A: This vacuum system, shown

schematically in Fig. 5, was made entirely in Pyrex
|
glass, The main horizontal menifold of this system, |

carrying two stop-cocks 'a'! and 'o', was connected at |
one end to a "Metrovacd+ rotary vacuum pump of the
type SR2, which slso incorporated a phosphorus
pentoxide trap, beyond stop-cock 'b', in addition to

the one shown near the discharge’tube in Fig. 5. At

the other end of the manifold was an oil-manometer,
The discharge tube was joined to the menifold ;

between the oil-menometer and the stop-coeck 'a', via

} Metropoliten Vickers Go, Ltd., (Manchester, England)
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i a phosphorus pentoxide trap. The stop-cock 'd' could
| isclate the discharge tube from.-the entire vacuum
system, Two other side-tubes, joined %o the manifoldl
. between the stop-cocks 'a'! and 'b', were connected
to a mercury manometer and to another drying trap of.

caleium chloride,

Sa2al The Qil-manometer, The oil-manometer

used on the system was made of & Pyrex U-tube with

a single large spherical bulb in between the limbs

and the manifold, to prevent any accidental rise of th
| o0il into the manifold, With the stop-cock 'e!, the E
left-hend 1limb could be isolated from the right-hand
limb, which was elways in contact with the manifold,
“Apiezoﬂ*oil B" was used as a fluld for the manometer,
The vapour pressure of this oil is 10‘7mm.Hg. at room
temperature, The specific gravity of Aplezon oil B !
was 0,868 at 20° ¢, With the value of the specifie

| gravity of mercury at the same temperature as 13,5458,
| the megnification ratio was found to be 15,61, Thus

a difference of 15,61 mm, between the lavels.of-the
oil in the two limbs of the manometer would indicate

a difference of pressure of 1 mm, of mercury, From
some preliminary experiments for the calibration of
the bore of the manometer limbs, it was found phat the
central parts of the two limbs, which would be used

| for the pressure measuremeﬁts were identical in bore to

better than one per cent, The menometer was, therefore,

+ Shell Chemicals (London) Ltd. Sole Agents: V°
Edwards and Co. (London) Ltd,
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used by reading the difference between the oil level
in the left-hand 1limb only, from its zero position,

A scale was made of “Per8p5x£¥ to read the pressures
directly in mm, of mercury, On this scale, a length
of about 155 mm. was engraved with equal divisions,

(having longer strokes to distingulsh every fifth

and tenth division) such that every 39 millimeters }
of its length were subdivided into B0 equal divisions.|
Each of this engraved division on the scale, which
was now equal to 0,78 mm, was used to read a pressure
difference equal to 0,1 mm, of mercury. Since the
actual magnification ratio (as given earlier) was
15,61, the exact half-ratio, for use when reading one
limb only, would be 00,7808 instead of 0.,7800. This
introduces an error of [1 - (0.?8/0.7805)=ﬂ 0,00064

mm, per mm of mercury in the measurements of the gas

pressure, With the help of & megnifying glass of a
focal length of about 60 mm, to read the oil-level
inside the limbs of the menometer, an accuracy of 0,05
mm, Of mercury coculd be obtained in the pressure

measurements made on the manometer,

Ba2e2 The Mercury Manometer: This was an all-

glass "Bdwards" Vacustat’¥ which is a miniature MeLeod

gauge. The range of the instrument for pressure

"' Regd, Trade neme of I,0.I. Industries Ltd., (HEngland)

} Regd, Trade mark of W, Edwards and Co. (London) Ltd.
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measurement was O - 10 mm, of mercury, It was
mounted on a BlZ groundegiass eone, attached to the
manifold, This gauge was used only in the preliminary
stages of the experiment, mainly to measure the
absolute degree of ultimate vacuum attainable on

the system and to get an idea of the prbasure of the
gas, generated by electrolysis, which could be stored
in the calcium chloride trap. (see 3,2.,4), In order
to eliminate mercury vapour contaminations, while
making final observations, the Vacustaet was taken out
of the ground-glass core and a blind Bl2 male glass

cone was substituted instead,

30763 The Drying Traps: Both the traps, one

containing phosphorus pentoxide and the other calecium

chloride, used for drying the gas, were made from
flat-bottom Pyréx bottles with ground-glass cone .
joints, as shown in Fig, 5. With this arrangement, |
the drying agents could be renewed as frequently

as necessary.

30204 The Gas-generating system: VWhen this

vacuum system was first designed and assembled, it
weas intended to carry out the experiments with hydro-
gen also on the seme set-up. For this purpose, an |
apparatus wes made (as shown on the right-hand-side of
Pige 5) for preparing hydrogen by electrolysis., A
Pyrex U=-tube, in which two platinum electrodes were

sealed near the U-bend, was connected by a short




| were opened and the reservolr carrying the barium
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length of rubber tubing to a reservoir, which could ]
be raised or lowered in heights The end dfone of the |
two arms of the U-tube was open while the other was

connected to a calcium chloride trap via two stop=- '

| cocks 'e' and 'f', Hydrogen was generated by

electrolysis of 1/15 normal solution of Barium HydroxidL
[Ba(OH)z] pleced in the U-tube, The electrode in
the left arm which carrled the atop-cook 1£!' was made
positive,
The procedure of genersting and storing the gas
was as follows: When the manifold of the sytem was
open to the atmosphere, both the stop-cocks 'e' and 'f!

hydroxide solution was raised until all the air between

the stop-cock 'f! end the level of the solution in the
left-arm of the U-tube was expelled into the manifold.
The stopcock 'f'! was then closed and the manifold,
together with the calecium chloride trap, was evacuated.
The degree of vacuum atteined could be messured with
the Vacustat, There was a second phospherus pentoxide
trep . between the stop-cock "b' and the rotary pump,
as mentioned earlier in 3.2, to remove all water vapour,

The out-gassing of the system was carried out by a

prolonged treatment of a H/F discharge at ebout 20 ke/s

obtained from an "Edwards Tesvaéf“, model Tl.

While the system was belng evacuated and outgassed,
(with sll the stop-cocks, except 'f!', open) the barium
hydroxide solution in the U-tube was electrolysed, by

ﬂ‘ﬁ. Edwards and Co. (London) Ltd,
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applying a steady potential difference of sbout 20
volts between the two platinum electrodes in the U-
tube: , the electrode in the left-arm being made
positive, On electrolysis, the barium hydroxlde ‘
solution decomposed into hydrogen and oxygen, The
oxygen evolved in the right-arm of the U-tube was

allowed to escape into the atmosphere, while the hydro-

Ll

gen t=volved in the left-arm of the U~tube was trapped
over the falling level of the solution, below the
stop-cock 'f!'y When the level of the solutlon
approached the electrede at the bottom, the electrie
current wes stopped and by opening the stop-cock 'f!
the amount of generaved hydrogen was admitted into

the already evacuated and out;gassed calcium chloride
trap. After raising the level of the solution in
left-arm upto the stop-cock 'f', by raising the
reservoir, both the s top-cocks 'e'! and 'f'!' were closed
and the operation of electrolysis waes repeated,

In this manner, hydrogen could be generated and
stored in the calcium clloride trap a2t a sufficient
pressure, The pressure of the generated hydrogen,
noted by the Vacustat in the preliminary trials, wes
related to the number of times the quantity of hydroge

=}

occupying the volume of the left-arm of the U-tube

was admitted into the calcium chloride trap. In the
final measurements, when the Vacustat was substituted |
by a blind glass-cone to eliminate the mercury vapour |

contamination, the pressure of the available hydrogen
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in the caleium chloride trap could be estimeted from

the count of the storing operations.

3e245 Since the generated hydrogen was initially
eollected over the solution, it contained much water

vapour, It was, therefore, stored in the calcium

chloride trap, usually overnight, with the three stop-
cocks 'a', 'b! and 'e' closed,. 3;3:110wing morning, i
when it was admitted beyond the stop-cock 'a', it agaih
passed through a fresh phosphorus pentoxide trep

before entering the discharge tube via stop-cock 'd',
The pressure of the gas (either air or hydrogen)

inside the discharge tube was measured with the oil-

manometer with an accuracy of about 0,05 mm, of

mercury (see 342¢la)e |

54246 The results for hydrogen, as described

in  chabt- IV, were first obtained on this set-up, with
hydrogen handled in this way. Howevef, in measure-
ments with higher pressures and currents, the
discharge conditions were often unstable with
indications of impurity, the water vapour being the
principle suspect, Later the vacuum system B,

which is shown in Fig, 6, became available, with
which improved conditions of purity could be obtained,

The hydrogen measurements were subsequently repeated
on that system, The general results in both cases
were identical and in a few cases where the purlty i

stage of hydrogen could have any influence, the
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observed variastions are indicated in the results,

34247 The entire measurements for air, described

in chopt-\v,were obtained by using the vacuum system A

(Pige 5)¢ In this case, the U-tube and the reservolr
of the electrolysis spparatus were empty, and air was
eadmitted into the system via stop-cock 'f1?, As in

the case of hydrogen, the air was also stored, first |

vapour and was later passed over fresh phosphorus
pentoxide, before admission to the discharge tube,

Thus the measurements represent the results in the case
of dry air, The Vacustat was only used in the initiel
stages to measure the degree of evacuation and was
removed from the system during actual measurements,

in order to avoid contamination by mercury vapour,

343 VACUUM SYSTEM Bs This second system, with
which the experiments with hydrogen were subseguently
performed under conditions of better purity, is shown
[ Kautman (1954)].
schematically in Fig. 6., The general features of
this system, which was also made of Pyrex glass, were
similar to those of system A, shown in Fig, 5. The
mein distinguishing feature of the system B was the
provision of a vapour pump in series with the rotary
backing pump. The horizontal manifold of this system
was connected at one end t6 the vacuum pumps end carried

an oll-meanometer at the other end, as shown in Fig. 6.

The discharge tube was joined to the manifold near the
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stop-cock 'F' via a stop-cock 'G', which ecould isolate|

the discharge tube from the entire system.

3630l Backing Pumps The rotary vacuum pump used
for backing the vapour pump on this system wes an
“Edwards .‘3pme¢ij.vac.“|~ " type 1 SP 30, with an ultimate
vaecuum of 0,002 mm, of mercury, It was mounted on
anti-vibretion mountings fixed to the floor beslde

the troliey on which the rest of the vacuum system
was assembled, A phosphorus pentoxide trap was pro-

vided between this pump and the vapour pump.

3.3.2 Vapour Pumps This was a "Metrovae+
single stage oil-diffusion pump, in which "Silicone
oil DO?OSé " was used as a fluld, giving an ultimate

vesunm o 10"

mme Of mercury,. The pumping speed
was estimuated to be about 7 litres per seeond. In
view of the smell volume of the system and consequent
short time of pumping, the silicone oil could be
safely used without any cold trap. The vapour pump
was water cooled duflng its operation, An half

inch "Bdwardsl vaeuum‘union“, modified as dzscribed
later in 3-3-4, was hard soldered to the top flange
of the vapour pump and this mated with the vertical
glass tube attached to the bottom of the socket of

the stop-cock 'F!,

+ w, Bdvards and Co, (London) Ltd.

% Metropolitan Vickers Co, Ltd, (Manchester, Englend)

§ Dow Corning Corporation (Michigan u.s.a.i. Sole
Distributors: W, Edwards and Co, zLondon) Ltd.

|l w, Ecwards end Co. (London) Ltd,
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36303 The oil-manometer: Unlike the oile

manometer on the system A, which had only one
spherical bulb protecting both limbs and a single
stop-cock to isolate only one limb, the manometer
on this system had a separate spherical bulb pro-
tecting each 1limb and had two stop-coeks ‘D' end 'E!
which enabled the isolation of both of the limbs
from the manifold, if necessary. This wes
particularly useful in reducing the desorption of

the glass limbs, which was proportional to the total

time for which the manometer limbs were evacuated,
Thus all the pumping hours during preliminary trial
experiments could be added up,since the complete
manometer could be isolated by e¢losing the stop-cock
'E', whenever the menifold was opened to the atmosphere,
It was estimeted that when the final observations were
made, the menometer had been subjected to about 250
hours of pumping with the vapour pump. With such

a prolonged pumping, together with periodiec treat-
ments for out-gassing by the 20 kg/s-frequency-dis-
charge from a “Tesvac", removed all the adsorbed gases
from the menometer, although it could hot be baked,

as the rest of the system, with an electrical heatingl

tape, '

The fluid used in the manometer was also DC 703 E
with a magnification ratio of 12,45 at 209C with |
respect to mercury. The scele made for this mano- |

meter was, therefore, engraved in such a manner that
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249 milliﬁeters of its length were divided into

400 equal divisions, each correabonding to 0,1 mm,
of mercury. Since the maximum difference in the
bore of the two limbs of this manometer was found
to be about 3.5 per cent - as against one per cent
in the case of the manometer on system A - the mano-
meter was used differentially by noting the

dif ference between the oil levels in both the limbs
in number of engraved divisions, and dividing it

by 2 to ébtain the pressure reading in tenths of
millimeters of mercury, The scele of this mano~
meter was silvered st the back for anti-parallax
purposes and using a magnifying gless of about 60
mm, focal length to read the oil levels, the
pressure measurements could be made with an accuraecy
of 0,05 mm, of mercury. The manometer was found
quite sensitive in indicating the difference between
the degrees of ultimste vacuum obtained with only
the rotary pump and that.obtained with the rotary
and vepour pump operating together,

Seced The Gas Supply System: Since this system

had provisions to obtain better conditions of
purity, & supply of spectroseopically puré hydrogen
was used to obtain the desired gas pressure in the
discharge tubes A litre of 99,998% pure hydrogen
was obtained in a Pyrex glass vessel from the

British Oxygen Co, Ltd,., and according to the data
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supplied by the menufacturers the purity of the gas
was estimated as follows:

Hydrogen seas °ud 999980 v,p.mj'

Nitrogen ces ese 12 v.p.m,
Oxygen vee soe 3 VeDem,
Carbon Monoxlde 4. 3 Vep.m,
Carbon dioxide ,.. Ewipiis

The vertical neek of this gas-bottle was provided
with & speecial seal-breaking device as deseribed
in detail in Appendix B, The neck of the gas-bottle
was then joined, via the stop=-cock 'A', to another
short manifold having two more stop=-cocks *'B! and 'C!
at its ends, which opened into the main manifold,
Before breaking the seal of the gas bottle, its neeck,
together with the entire seal breaking device, as
well es the short menifold between the stop-cocks 'B!
and 'C!' was thoroughly evacuated with the vapour
pump over a long period and at the same time the
glass was baked using the heating tape, In Fig, 7
is shown a photograph of this part of the vacuum
system, taken during the baking operation, The
stop~cocks were protected from excessive heat by
ecoiling apdythene tube around them (as shown in the
photograph), through which ecold water was circulated,
Out of the two stop-cocks 'B! and 'C!, 'B! was
of a large bare, nermitting the fast pumping of the
neck of the gas-bottle and orf the short manifold BC,

After evacuation and thorough out=gassing, the stop-

'f The ebbrevietion v.p.m., represents unit volume
per million unit volumee, i.8., 1 Vepems = 0:0001%.
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cock 0! was closed and remained closed thereafter,
Before breaking the seal of the gas bottle, the stop-
cocks 'A' and 'B' were also closed, and after
breaking the seal, the gas was first admitted to
the short menifold BC by opening the stope-cock 'A?
and then further into the main manifold via stop=-cock
'B', which had a solid key with an Le-shaped fine

cepillary bore for slow leskinge.

36345 Desorption of Glass: All the parts of

the vecuum system, which were made of Pyrex glass,
were desorbed by heating with an “Electro-thermai* ”
heating tape type 201, except the stop-cocks

and the oil-msnometer which was out-gassed by a
“Peavac® as described eariier in 3,3.3. Different
sections of the system were wrapped, part by part,
with the heating tape, over which two leyers of
fibre glass were lagged to reduce radiation losses,
Measurements with an iron-constentan thermocouple,
placed in contact with the glass below the heating
tape, indicated that for glass tubes between 10

and 30 mm in diameter, a baking temperature of

ebout 300°C cen be obtained after 15 to 20 minutes.
During the baking operation, the greased stop-cocks
were proteetéd from éxcessive heat by a water cool=-
ing system using a polythene tube as shown in Fige 7«
A1l the stop-cocks werse greased with "Apiezon”
grease L, having a vapour preasure of 10'10 mie

of mereury at room temperature.

‘fEﬂectro Thermal Enginesring (London) Ltd.
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3.4 THE DISCHARGE TUBE: The discharge tube,

used for measurements with both hydrogen and air,

is shown schematically in Fig, 8. It was desired
to make the probe measurements in different regions

of the glow discharge, and for this purpose & fixed
probe was used, with respect to which the discharge
column of the gas was moved by changing the position
of the two electrodes placed on either side of the

probe,

F S0 0 The Main Discharge Section: The centfal

sectlon between the two brass couplings (see Fig. 8),
which was 417 mm, in length, constituted the main
vessel, in which the glow discharge was confined,

It was made of Pyrex glass tube with a eircular
eross-section of an inside diameter of 20 mm, The
thickness of the wgll was about 1,0 mm,. At a dis-
tance of 45 mm, from one end, a T-joint was made,
forming en exhaust, at which the tube was joined to
the main manifold via the stop-cocks 'd' and 'G!

of the two vacuum systems A and B respectively.

(see Figs., 5 and 6).

8.4.2 The Probes Theprobe was sealed into the
wall of the main discharge seection, at a distance of
230 mm. from the exhasust tube, as shown in Fig. 8.

it was made from a tungsten wire, 0.2 mm, in diameter,
In order to make & good vacuum seal, in Pyrex glass,

it is necessary to remove the oxide coating from




|of the metal,

-41~

the surface of the tungsten. Such a cleaning of the
probe wire surface was effected by electrolysis in a

20% solution of sodium hydroxide. [ Partridge (1949)

De 36.] A copper plate was used as the cathode, a
short distance in front of a loop of tungsten wire
serving es the anode. It was found from trials that |
best cleaning could be achieved by passing a strong
direct current of about 4 amperes through the solution
for a short time of about 80 seconds,

Before making a seal, the metal has also to be

outgasseds The normal method of heating in a flame
could not be used because of the very fine diameter ?
of the wire, The outgasaiﬂg.was therefore done by
placing short pieces of the cleaned tungsten wire

in a gilica glass tube, which was heated red hot by
two Bunsen burners for one hour, During the heating,

the sillica tube was joined to the vacuum system and was

continuously evacuated in order to prevent oxidation i

of the cleaned surface and also to induce the desorptioﬁ

After the pleces of the tungsten wire were cooled
in vacuum to the room temperature, they were taken,
one by one, out of the silica tube and were immediately
sealed in beads of 09 glass, near one of their ends,

These seals were later annealed in an electrical oven

over a period of eight hours. A serutiny of the
i
finished seals under a micrescope, revealed that two i

seals out of five had been obtained whieh were free
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from any gas bubbles around the portions of the wires
in the glass beads and which exhibited the character- |
istie golden-brown colour of a good tungsten seal, i
One of these pleces was used as & probe, Because :
of the electrolytic cleaning, the diameter of the !
tungsten wire was reduced from its nominal value of
0.2 mm, and the actual diameter of the finished probe |
was messured under a travelling microscope as 0,12 mm.:
The short end of the wire beyond the glass bead was
8lso cut under the microscope, leaving a length of thel
|
exposed part of the probe exactly squal to 5 mm, A |
small hole was made in the wall of the Pyrex glass
discharge tube, and the probe was assembled in place
by fusing the C9 glass bead to Pyrex, When in
position, the probe wire was radiel to the cireular
cross-section of the discharge tube, with its tip at !

the centre,

36443 The Electrodes: The glow-discharge in

| the tube was obtained using two eireular plane

electrodes on either side of the probe, In all the |

earlier experiments for the study of the light effect
on a.,c, discharges (as summerised in 1,5), the role

played by the walls of the discharge vessel in influenc

ing the mechanism of the discharge had been stressed,

A special geometry was, therefore, used for the

electrodes in the present study. Out of the two dise |

electrodes mede from an aluminium sreet of 1/16 inch

thickness, the one nearer the probe. which was used
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as the anode, was split concentrically into & centrel
| disc and an outer annular ring (see Pig. 8), Indiv-
idual leads were provided to the two sections of the
electrode; consequently, the part of the total current
carried by each of them could be studied separately
 for the effects of external visible light, The two

sections of the electrode were turned out on & precision

lathe, exactly to the following dimensions: |
CENTRAL DISC: Outer Diameter 10,0 mm, f
OUTER RING: Outer Diameter 19,5 mnm,
Inner Diameter 13,4 nmm,
These dimensions were chosen so that the annular
separation between the disc and the ring was of a

reasonable width of 1,7 mm, and at the seme time a

round figure of 2 was obtained for the ratio of the
erea of the outer ring to the area of the central dise.|

The other electrode, used as the cathode, was

& disc,in one piece,of a diemeter of 19,5 mmy which
was equal to the outside diameter of the ring of the
anode, It was also cut off a sheet of aluminium,

!1/16 inch thickness, Small brass contact-caps were

attached to the back of the cathode as well as of the
( Page 40).
two sections of the anode as shown in Fig, 8, [ The

|other ends of these contact-caps were bored to fit i

over the projecting ends of two peifs of short tungsten

rods, about a millimeter in diameter, These two

pairs of tungsten rods were sesled, one esech, in the

| ends of two Pyrex glass hollow tubes, such that they
|
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protruded eabout 7 mms, on either side of the sesl,
These Pyrex tubes, which are marked as "Pyrex glass
sliding electrode tubes", in Fig, 8, were 17 mm. in
diameter, 300 mm, in length and had wall thickness of
ebout 1,5 mm, At one end, the sealed tungsten rods
carried the bress-contact-caps, which were secured

by tiny grub screwsj and their other ends were spot
welded to long pieces of braided copper wires, running
along the inside of the Pyrex tubes, These two
copper wires served as electrical leads via the brass
contect~-caps, jointly to the cathode through one
sliding el=etrode tubel and separetely to the two
gections of the anode through the other, These leads
were electrically insulated from each other by Pyrex
glass sleeves over their entire lengths, The movement
of the sleeves inside the sliding elestrode tubes,
which could cause a strain on the tungsten rod seals,
was prevented by putting them through spacer-dises
(see Fig, 8), These spacer-dises, which were a

tight fit inside the sliding electrode tubes, were
turned outlof a 1/16 inch thick sheet of "Paxolin",

Seded The Couplings: The two sliding electrode
tubes carrying the anode and the cathode were held

in the main discharge tube by two brass couplings,

T'Tha purpose of providing two leads also through
the other tube, which carried the single~piece electrod
was to enable the same ele¢trode tube to be used for
carrying a filament, The results in the case of hot-
cathode discharges, are,however, not embodied in the
present thesis. -
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' which meintained a vacuum-tight joint, Taeh of these

|

couplings was: made by modifying a peir of "BdwardsT
% inch and 3/4 inch standard unions" as shown in
detall in Fig, 9. In Fig, 9(a) is shown 2 seectional ‘
drawing of the parts of the standard unions, without th+
knurled locking nuts, Three out of these four parts |
lwere modified by turning them on & lathe £o remove i
some of their portions as indicated in the drawing (a).
The modified parts of the 3/4 inch and # ineh uaions were
required to have a close sliding fit over the main
‘discharge section and the sliding eleectrode tube

respectively, The middle two parts were then soldered

together and the modified unions were assembled as |
shown in section in Fig, 9(b). The vecuum seal was
maintained by two “elastomer*'O' rings"™ one stretehed
over the outside of the main discharge tube and the

other over the outside of the sliding eleetrode tube,

|The original eircular cross-seection of these rings
was squeezed into a triangular shape, by the locking
nut, to press against parts of the brass unions on two

sides and against the glass on the third, The locking

muts only needed a hand tightening, ‘The '0' rings
were used dry and with all the surfaces serupulously
cleaned free from grease and dirt, a perfect vacuum seal

could be consistently obtained, Fig. 0(e) shows the

outside view of anassembled unit,

With these couplings, both the e¢athode and the

't W, Edwards and Co,(London) Ltd,
t W, Edwards and Co, (London) Ltd,
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anode could be eaglly moved inside the main discharge

tube as required, It was also found that byAalacken-i
ing the locking nut on the # inch union by helf a turn;

the sliding electrode eould be pulled in slowly, by
virtue of the difference sf pressure between the out-
side and the inside of the discharge section, The
rate of this movement could be controlled by adjust-
ing the slack on the locking nut, Movements as slow
as a couple of millimeters within one hour were often
possibles During the movements at such a slow rate,
there was no indication of a loss of vacuum on the oll-
manometers, whose sensitivities were 0,05 mm, of
mercury as given earlier in 3.,2.,1 and 3,3,2. Such
a movement of the elechirodes was particularly useful
in making fine adjustments of the inter=-electrode
distances to any exact value and slso to avold the
hollow cethode effects on the discharge ecurrents
[Littla (1953)], nrising from a slight sputtering
of the electrodes, Usually the separation between
the cathode and anode was kept initially more than the
desired value and having »un the diseherge for some
time, after there was no more sputtering, both the
elegtrodes could be slightly pulled in to occupy new
positions surrounded by clean glass-wells, The
desired separstion was exactly obtained by econtrolling

the movement as mentioned earlier,

345 ELECTRICAL EQUIPMENT: TFor the experiments




with air, done on vacuum system A (Fig, 5), the high

tension d.c, supply was obtained from a 4kV voltage
is

doubler eircuit,

Feft—hand—side—ofFi=gi3= A "cintal+" stabilised
power pack Type 1892 was used for the high tension

descs supply for experiments with hydrogen, conducted
on the vacuum system B (Fig, 6). The applied voltage
was measured by two electrostatic voltmeters having
ranges 300«50~1500 volts and 500-100-3000 volts.

Deteils of other auxiliary cirmits for eleetrical
measurements are given in Chapter IV separately in

each case,

346 SOURCE OF VISIBLE LIGHT FOR EXTERNAL IRRADIAT-
IONg For the study of the effeet of external

visible light, the discharge tube was irradiated with
white 1light from three "Edisvan¥® incandescent lamps
rated at 100 watts each, These lamps, which had
frosted glass bulbs, were mounted in a row inside

a wooden box 3.,5" x 6,5" x 18", The entire

interior of the wooden box was covered with 1/16 inch
white asbestos sheets, as a protection sgainst excess-
ive heatsy A few 1/4 inch holes were also made in
each face of the box for ventilation, ‘'he distance
between the centres of two adjoining lemps was 120 mm.
The discharge tube was irradiated by plaeing the lamp
box beside 1t, with the line of the centres of the

lamps parallel to the tube.

FGinema Television (London) Ltd,
+ Edison Swan and Co, (London) Ltd,
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3¢641 Eerlier workers,working with a.c. discharges
heve reported & logarithmic relation (see 1.5.5)
between the effect on the current and the intensity
of the light, as shown in Fig. 1(E). In the present
study with d.c. discharges, the % effect of light

-(aae footnote on page 14) on the current was very
smell and measurements of the relative changes with 1
the variation of the intensity of the source over a }
limited range (possible by varying the distance of the |
lamp-box from the discharge tube) were difficult to be
made with sufficlent accuracy. Due to lack of space,
large variations in the distance of the lamp-box from
the dlscharge tube were not possible, A method of
controlling the intensity by using polaroids was tried
as an ealternetive, However, it was found to introduce
complications, as described in detail later in 4.3-8 ,
which were unfortunately inherent.

No attempt was, therefore, made in the present
study to vary the intensity of the irradiating source.
All measurements were made with the line of the
centres of the lamps 120 mm, away from the discharge
tubes The intensity of the light falling on the
discharge tube was estimated by using a photo-
electric cell, which was calibrated ageinst a 60 watt
incandescent lemp,used as a subsidiary standard by
virtue of & certificate of its performance from
the Photometric Lasboratory of Everett Edgcumbe and Co,
(London) Ltds The caleulated value of the intensity

2
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falling on the discharge tube was 11-:27 lumens per

cm?, and was found to be fairly constant over the
entire length of the discharge tube., The econtinuous
emission spectrum of one of the lncandescent lamps

is shown in Fige 17 o
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CHAPTER 1IV.

EXPERIMENTAL RESULTS,

Section I: Measurements with a Probe,

4,1,1 As mentioned earlier in 1,5, the effect

of visible light on low pressure discharges had been i
previously studied extensively in the case of a,ec.
discharges, However, a survey of the available
literature on the subject at once reveals that although
it had been studied for different conditions of the
suxiliary parameters like the type of gas, its pressure,
the frequency and the intensity of irradiating light
etc, the only measurements made were those of the
discharge current, Since the discharges were excited
with alterneting potentials, various types of detectors
had indeed been used, and somstimesla search had also
‘been mede to detect frequencies other than that of

the applied potential, These changes of instrument-
etion, however, did not, in any way, influence the
relation of the measuréd parsmeter (which had been
essentially the discharge current, i ) to the fundamental
processes of the discharge, which themselves are

complicated for alternating potentials,

4,1.2 The main attention of this study was
directed towards making direct measurements of the
concentrations of charged particles. As discussed !

a
earlier in 1,10,/possibility of an increase in the
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average mass of the charged particles could be
inferred as a consequence of the observed reduction
in the average mobility of the charged particles, :
A mass-spectrographic study should be helpful for sucﬁ
an analysis, The influencing factor is the inherent
resolving power of the instrument, since the
mobility is inversely proportional to the square root
of the mass (see equation 1,10,1). The use of & con-
ventional magnetic mass-spectrometer is further
limited by the bulkiness of the apparatusj and
because of the inevitable long path length of ions
in the snalyser of such &n instrument, the difficulties
of screening the discharge tube from the magnetic
field make it impossible o obtain the required
sensitivity. For studying the effect of 1light, it
would elso be imperative, for irradiation, to keep
the discharge tube out of any shielding,

: The technique of a radio-freyuency mass spectro=-
meter probe, recently developed by Boyd (1950b),
eppeared promising from this point of view, but eould
not be adapted to the present stgﬁy because of the
limitations of the availsble faciiﬁies. An ordinary
Langmuir probe, as described earliier in 3,4,2, was,

therefore, used in these investigations,

4,1,3 The Theory of Using & Probe: By studying

the current-voltage characteristic of a small probe

inserted in a gas discharge, Langmuir & liott-Smith
(1923) end later Langmuir (1925) develoved a theorv
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to derive the knowledge about the energies of the
charged particles (usuaslly expressed in terms of the
electron "temperature" T. , and/or ion "temperature®
T; ), the densities of the electrons and the positive
ions end about the plasma potential,

4,1,3(a) A detailed discussion of the limitations
in the use of a simple Langmuir probe is given by
Loeb (1947, pp. 251-256), which need not be quoted
here again, The primary requisite of having the
effective resistance of the probe large compared to

the medium surrounding it, was achieved by making

the measurements in the plasma of the discharge, wher
high ionic concentrations are expeécted. The validit
of the assumption of a Maxwellian distribution for

linearity of the

energlies, is indicated by the/slope of the obtalned sef

V-1 characteristic of the probe, as shown in Fig, 10, |
4,1,3(b) When using probes for investigating ;
inside a discharge, the pressure of the gas should |
have . a value suchthat the mean free path of
electrons is large compared with the diameter of the
probe, From the experimental determinations by
Townsend & Tizard (1913) of the electronic mean free
path in air at a pressure of 1,0 mm, of mercury, the
minimum velue obtained is 0.271 mm, within the range
of 0.6 < X/p < 100, The corresronding value for
hydrogen is 0,205 mm, [?ownaend & Bailey (19212] .
The diemeter of the probe used in the present study

which was 0,12 mm, &8s given earlier in 3.4.,2, wvas,

ilogarithmic
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thus, less than the minimum possible values for the

electronic mean free path in both eir end hydrogen.

4,1.4 As discussed earlier in 1.9,1t appeared

that the reduction in the diachafge current, on
exposure to visible light was probably due to a
reduction in the number of charged particles, Purther,
this loss was thought to be mainly due to the

attachment of electrons to form negation ions, (see

1.9.6) .

4,1,5 When a probe 1s at large negative potentials
with respect to the surrounding ges, it receives only
the positive ions, but at higher potentisls (algebra-
ically) it begins to collect progressively more and
more electrons and ulso negative icns, according to
their velocitles, Hence the ecurrent drawn by the
probe, when it is above the "floating potential", is
& compound measure of the oonhfibutionsby' the
electrons and negative ions, It is, therefore, not

possible to get anyindividual information about the

amount of loss in the total number of electrons, and

about the number of negative ions present, unless

the probe is equipped with an auxiliary grid [hayd
(1950a)] , which may effect a selection of ions by
virtue of their higher masses and consequent lower
velocities, Attempt was, therefore, only made
in the present study, to measure the saturation

positive-ion current to the probe, The probe was
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exposed to the central half of the discharge column
(see 3.4.2). Since the curves, as showm in Fig, 10,

indicated a merked saturation of the positive-ion

current, the positive-ion densities could be cal-

culated [Guthrie & Wakerling (1949, p. 14)] by means

of the expression i

> |

l.._l_: 0.406“1. (BKT.N+)% A ...(4.5.1.i)

where i, is the positive-ion currsnt in ions per sec,,
N, the density of positive lons, M, the mass of the
positive ion, A the area of the probe, T, 1s the
electron temperature and K Boltamann's constent.

The quantity KTe was evaluated from the aldpe of the
linear funetion of the potenti.l of the probe to the

logerithm of the current flowing to the probe..

4,1.6 The probe ouryaﬁt was measured, es shown in
Fig. 11, by a cambridgé+spot galvanometer having a :
gsensitivity of 6 x 109 amperes per deflection of one
mme By using & hand-made paner vernier ovar ths fdaé
of the galvanometer scale, the deflectlons were i
estimated to a quarter of a mm, A commutator with i
different fixed resistances was prévided for shunting
the galvanometer to & series of higher ranges. As '
shown in Tables I-VIII on the following pages, the
saturation positive ion current to the probe was |

found to diminish on exposure to external visible 11gph.

FCambridge Instrument Go. (England) Ltd.
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4,1,7 The positive column of a discharge is
known to have a uniform field, and when a large
concentration of negative ions is built up, an egual

concentration of positive ions at each point is

required to maintain the equilibrium. Some times

the negative lons set up regions of negative space

' charge when sultable conditions for formation of

striations could be built up, In cach cese, the

probe measurements were, therefore, made once with the

probe enveloped with the glow of a striation, and

secondly with the probe at the centre of the dark

region in between two adjacent striations, These are |

indicated in tebles II to IV and VI te -VIII, In
the cases of tablea I and V, where the pressure weas

the lowest, stable striations were not obtained,

4,1.8 The measurements with the probe, were corrob-

oreted with the measurement of the discharge current in

| a special menner, As mentioned earlier in 3.4.3, a

'aplit-electroda geometry was used, to measure the

discharge current in perts, Because of their small

' mess and hence lasrge random motion, the space dis~

tribution of the electrons in a plasma can usually
be described by a Boltzmenn relation, inveolving an
electron temperature [@onks & Langmuir (1929bﬂ .

massive positive ions tend, however, to move unie-

' directionelly along the lines of force, and a very

similer beshaviour of negative ions could also be

reasonably expected. In the positive column the axis
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is positive relative to the walls, so the negative
ions would tend to concentrate along the axis, As
2 result, most of the contribution to the discharge
current by negative lons could be expeeted in the
part collected by the central dise of the ancde,
while the pﬁrt collected by the outer ring would be
mostly electronics The effect of visible light was
found confined only to the current colleeted by the
outer~ring which showed a deeresse on irradiation,

as given in taebles I to VIII,

4.,1.9 The light effect had been studied in the
case of a.,c, discharges, under different conditions
of six peabameters, as mentioned earlier in 1.5,1

to 1l.5.6. Qut of these, a variation in the fre-
quency of the applied potential was not applicable
to the present study in d.c. discharges, For
reasons mentioned eerlier in 3.,6.,1, the intensity of
the irradlating source was kept constant throughout
the present study. It was also not possible to
study the effeet of different frequeneiecs for
irradiation, since the intensity of the filtered
light was not sufficient to make accurate measure-
ments, In the case of hydrogen, the observations
were not influenced by any "ageing " effeect, but

in the case of air, slight variations occurred at two
higher pressures, which are indicated in tables III
and IV, The effeets of verying the applied pot=-

ential and the nressure of the gas were investigated
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in the present study,.

4,1,10 For each of the two gases, air and hydrogen,
the measurements were made at four different pressures,
| with four different velues of applied potential for |
each pressure, Theae results are given on the
following pages as tables I to IV in the case of air
and as tebles V te VIII in the case of hydrogen,
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TABLE I

leasurement of the saturation current to a Hegative

Probe, and of the discharge current by a split anode,

in a discharge in Air at a pressure p=1.35 mm. Hg.

ANODE CURRENT | ANODE CURRENT SATURATLION
ON | ON CURRENT TO A

CENTRAL DISC | ~ OQUTER RING NEGATIVE PROBE (t+)
: [ f 1

> 3 H . | md

() - ‘D l % A R - B | nehe .L1g§§

mA | mA mA mi mA | %(“m’) X0 A xid A

| 1 -

| | | ;
0425 | 0,25 1,050 1,038 0,012 1,14% 4,65 | 4,55

|
|
<l

0,40 | 0,40 | 1,580 1,861 0,019 | 1,20% 6,85 6,80

0,50 | 0,80 | 2,020 1,994 0,026 1,30% 8,80 8,65

0,60 | 0,60 | 2,350 2,313 | 0,037 1,504 10,2  10.05

E7R R .
NY = ly (im amps) x 5:230 X 10 10mS | eom3.
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TABLE II

Measurement of the saturation current to a Negative

Probe, and of the discharge current by a split anode,

in a discharge in Air at a pressure p =1,56 mm, Hg,

ANODE CURRENT ANODE CURRENT SATURATION CURRENT
ON ON TO & NEGATIVE PROBE (i4)
CENTRAL DISC OUTER RING Probe in |Probe in
f | 3triation |Dark space
. l ' ‘
: o L g : i \ : { in -Lmdar'l in {under
op Vi LT e | A Dark Light |Dark Light
: | s - - ' bl b |
mA | mA [ mA [ ma | mMA |Z(-4%) ki :r:.JA xioA xio A
| 1' | | : |
i ! ' i
! ' . : -
- | . . | l
0430 | 0430 i1.190!1.173‘0.017i1.42% | 5415 5,09 i4.85;4.82
| ! | i |
0440 0,40 | 1,670 1,643 0,027 1.62% | 7425 7,15 ;6.95 6492
0450  0.50 | 2,100 2,064 0,036 1.72% & 5,10 8,95 | 8,50 8,50
0.65 0465 @ 2,510 2,465 0,045 1,80% 10,9 10,4 | 10,0 9,80

N -

U7 3
& s (im omps) X §-352 % lo foms [em”.
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TABLE III

Measurement of the saturation current to a Neagtive

Probe, and of the discharge current by e spllt anode,

in a discharge in Aly at a pressure p 1,86 mme Hg.

ANQODE CURRENT ANODE CURRENT (SATURATION CURRENT ¢
ON ON _TO A NEGATIVE PROBE (t4)
CENTRAL DISC OUTER RING .'
| Probe in |Probe in
] | Striation |Dark spece
|
el ot IV | ‘ in |under in |under
D L | D S ‘—Af- | (-ai)Derk Light Dark Light
nA mA ' mA mA | mA | X I-D?A {xl-l;,& |x-{3A ;r;gﬁ

1 * ! J 5
| | | |

|
| N
|

|
| | |
©.0435 L0538 1.14340 1.32940;02%1;49%_%{ 5485|5475 |.5447 5,47

| Be61| 5945 |
: bl { |
e T

0445 0445 = 1,770 1,738 04032 |1,81% | 7.70 7455 7.8 7,21

| | |
| | 7.61,7.;8 7015 7.15

0455 0455 2,170 2,126 0,044 2,03% 9,45 9,23 8,77 8,76

9,40 9,11 - -

0.65 0,65  2a565 24501 04050 2,307 11,2 10,9 10,2 10,1

T

The probe current velues in the second line, in each row, were

obtained after running the discharge for an hour, indicating
the influence of 'ageing' .

'7 .
+ Ly Cim ambps) x 5§ 6499 x lo ioms [em3.

N =
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TABLE IV

Measurement of the saturation current to a Negative

Probe, and of the discharge current by a split anode,

in a discharge in air at s pressure v 2,12 mm, Hg,

AKODE GU'HRHTJ ANODE CURRENT | SATURATION CURRENT

OoN oN _TO A NEGATIVE PROBE (v+)
CENTRAL DISC OUTER RING '

l | Probe in fIProbe in
_Striation Dark space

[ ¥
' | | %5 under; in |under
—-aL Dark Light Dark Light

: - 7 e 15 o
mA % (-4v) iJ"-I:ﬂ "l:A 'Eﬁ'gﬁ xio A

A : { T
ip |t || W
| I j
mA | mA | mA  mA

|

i
i
|
!
i
|

)
|
|
|
|

6452 (6430 | 6412 (6412

0.40 0440 1.500;1.473io.02751.3o%
|

| | | 6422 5490 6.02{6.01

d } |
’ . - | 1

—

8.25i8.10 y7.72'7.71

0450 0,50 1,900 1,860 0,040 2,10%
| 8405 7,82 | 7,64 7,62

|
0.60 0,60 2.290'2.23‘7 0,083 2,32% 10,0 9,70 | 9,30 9,30

De84 9,50 9,30 9,28

0,70 0,70 2,680 2,612 0,068 2,53% 11,7 11,2 10,6 10,6
11,5 11,0 10,6 L0.6

The probe-curront velues in the second line, in each row were

obtained after running the discharge for an hour, indlfcﬁl""'“.l?’ 3
the mjpuemce o} “asta'mz_”. Nt e Aty L amps) x 5.946 X 10 ioms [ cm®



- B2 =

TABLE V

Heasurements of the saturation current to a negative

Probe, and of the discharge current by a split anode in a
@ischarge in hydrogen at a pressure p=1.25 mm, of Hge

ANODE CURRENT | ANODE CURRENT [ SATURATION

N | ON CURRENT TO A
CENTRAL DISC. | OUTER RING NEGATIVE PROBE (i)
. ’ ; ﬁ y e f ] i
s | ‘L N R A R . in | under
| | | (T (-A%)| dark | Light
mA | mA mA mA mA xio" A |xid A

0630| 0,30 | 14250 1,241 0,009 0,74% 22,6 20,7

0645 0445 1,820 1,806 0,014 0,77% 30,3 30,1

0,60 0,60 2,350 2,331 0,019 0,81% 39,1 38,8

070 0,70 2,800 2,775 0.025 0.,89% 46,6 46,3

16 N
nT = i, (im amps) x 9.107 x [0 ioms [ em?
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TABLE VI

Measurements of the saturation ecurrent to & negative

probe, and of the discharge current by a split anode in a

DISCHARGE IN HYDROGEN at a pressure p=1,8 mm, of Hg,

ANODE CURRENT [ SATURATION CURRENT

ANODE CURRENT | |
ON ON | PO A NEGATIVE PROBE (i4)
CENTRAL DISC | OUTER RING [ 1
Probe in [Probe in
i . Striation |Dark space
l l
i B : ; 1 ‘ undaz' in Iundar
2l [P 9| |‘7o6m) Darc 'Li%t Dark I.i%gt
mA ma i mA: ‘ mA mA 'no XN
! Ay ‘[ | i
0,40 | 0,40 1,620 1,605 0,015 0,94% & 27,0 26,8 | 25,5 25,4
# |
0650 0450 2,140 2,118 0,022 1,05% | 35,5 35,3 33,4 33,4
060 0,60 2,570 2,542 0,028 1,00% 42,9 42,4 39,7 39,7
075 0675 3,050 3,013 0,037 1.,22% 5046 50,2 45.6 45,5

_ 7,
Nt = L, (im amps) x 1.045 x lo ioms [em®
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TABLE VII

Measurement of the saturation eurrent to a negative

probe, and of the discharge eurrent by a split enode in a

discharge in hydrogen at a pressure p =2.,5 mu., of Hge

i
ANODE CURRENT | ANODE CURRENT ’ SATURATION CURRENT

oN ON _TO A NEGATIVE PROEE (i+)

CENTRAL DISC QUTER RING ' ]
: . Probe in (Probe in
| Striation 1Dark.space

under in !under

.
‘D ¢,-si . Dark Light Dark Light
mA | mA f Txio’ A xio A }éﬁimﬁ

|
CL p "L |‘-—m‘.
mhA mh |
I mA |
! .

-
T

0445 | 0,45 | 1,670 1,654 fo.ous 10,965 | 27.8 27,5 2640 25,7

[ i ]

[ i - |

| . [ :
0455 | 0455 | 2.160!2.13’?‘0.023.1.065%5 3640 3546 3345 3341

&=
|

0a70 0.7C | 24640 (2,607 0,033 1,25% | 44,3 43,6 40,6 40,6

0,80 0,80 3,120 3,076 0,044 1,41% 52,1 51,4 46,5 46.4

iy
N Ly (im omps) x [-157 x 10 ioms /¢m3_
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TABLE VIII

Mleasurement of the saturation current to a negative

brobe, and of the discharge currenit by a split snode in a

discharge in hydrogen at a pressure »= 2,85 mm, of Hge

ANODE CURRENT [ ANODE CURRENT SATURATION CURRENT

ON , ON TO A NEGATIVE PROBE (cs)
CENTRAL DISC ‘ OUTHER RING ’

| Probe in Probe in
| Striation | Dark space

' | I I 1 . J
. ; b L ! ' 4in |under| in |under
i ‘D | ‘L | -at |[%EAl) _ Derk Light Deric Light
mA | mA mA mA s [x10” A oA  [xio xio

g

A
I [ ]

0450 | 0450 | 1,800 1,782 0.018

1,00 | 3040 29,7 28,0 28,0

!
0460 | 0,60 | 2,280 2,253 0,027 1,187 | .38.2/37,8 | 35,5 35,4
! 42,6 40,8 | 40,6 40,5

0,70 04,70 2,760 2,722 0,038 1,38% 45,9 45,3 | 42,0 42,0
5145 5049 | 48,1 48,0

0,85 0485 %.240 3,118 0,052 1.60% 54,2 53,1 48,4 48,4
B 80,4 wu| we

The probe current values in the second line, in the last three
rows were obtained in experiments with hydrogen on vacuum
system A, and which differed from rest of values obtained

on vacuum system B, under bettor conditions of purity, S8EE 3-2-6.

T,
Ny = L4 Cim amps) x 1176 X 1o ioms [ cm?.
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SECTION II: MEASUREMENTS OF THE NOISE,

4,2,1 It has been known for years that glow dis-
charges, with both hot and cold cathodes and also ex-
cited by either & steady potential or an alternating
potential, spontaneously generate high frequency
oscillations. Appleton & West (1923) were the first
to study the ionic oscillations in striated glow
discharges, which they found with both hot and cold
cathodes. The observed frequencles which were pro-
portional to the anode voltage and to the pressure,
within a range of 0,005 to 0,25 mm, of mercury, had
values between 1 to 100 ke/s, The observationsof
Eckart & Compton (1924) in the case of hot cathode

arcs are believed to be of brief surges rather than of

oseillstions, Newmen (1924) studied the oscillations

of the relaxation type.

Pardue & Webb (1928) found oscillations at
frequencies between 20 to 150 ke/s in hot cathode glow
discharges, which were independent of the external
circuit constants, The values decreased as the gas
pressure increased from 0,03 to 0,09 mm, of mercury,
and they increased with the esnode voltage. These are
thought to be plesma-ion oscillations of Tonks & Lang-
muir,

Tonks & Langmuir (1929d)developed a theory of the
oseillations in ionized gases, to account for their

of
observations of H/F oscillations of the'order(1000 Me/s,
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These they termed: s plasma electronic oscillations, as

hundreds of
against those having lower frejuencles of a rewgkc/s, r

which are celled plasma ionic oseillations,

Kniepkamp (1936) has reported oscillations of
still lower frequ=ncies - below 1,5 ke/s « for press-
ures between 0¢85 to 5 mm. of mercury. These again
were found not due to relaxation but were character-
istie of the discharge.

Besides these distinct oseillations, the gas

discharge tubes also generate a random noise, which
' together

is often present/with the distinet frequenciles.

4,2,2 The expression relating the frequenecy

with the concentrations of charged particles, as given

by Tonks & Langmulr (1929; p. 197) is |
|

Ve=ne?/nm in the case of eleotronsl
sseeldeBal)

V. =Ne2/mrw 1in the case of ions,.
seonnl$:2+2)

N and n are the densities of ions and electrons, M andJl
m their respective masses eand V. and Ve the |
frequencies of the plasma-ionic and the plasma-electron-
ic oscillations,

Substituting velues of e, m and M for i
electrons, hydrogen end air ions, in esuations |

4.2.1 B.nd 4.:(.2. WQ set

VY electron = 8980 n%' coss(4.2,3)
|

Vo
(.\,LJH — 200“}1 ..O¢(402O4)
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| .

i (vl'.)Hz = 478 né; . ese 0(40205)
| )

| - = N 2e e 00 0(4.2.6)
' (Vidagp = g2 air

It is, thus, seen that from the measurement

' of the frequency of oscillations, & knowledge of the

|
!
idenaitiaa of the charged particles ecould be obtained,
IAttempt was, therefore, made in the present study to

detect the H/F oscillations that may be given out by |

described earlier in 4,1.6 and 4,1,7.

the discharge, while making probe measwur ements as

| 4,2,3  The search for the H/F oscillations wasimade
within a range of 20-1000 Me/s with an intention of
noting any changes witht he external irradiation

which could be checked with the observed reduction of

the electronic part of the discharged current,

| collected by the outer-ring of the split anode, as
| mentioned earlier in 4.1.9.

f
4.2.4 Detection of signals: The signels emitted

by the discharge were fed to the receiver by & method
of external coupling as shown in Fig, 12, The dils-

charge tube was held transversely between two hemi-
eylindrical pieces 'S! and 'S', made of copper.

These were attached to the ends of a pair of hollow i
copper tubes 'R! and 'R', having an outer diameter, 4,

of 6,35 mm, and separated by a distance, s, equal to

5345 mms These two formed a parellel-conductor

transmission line, which eould be tuned to the recelver




(Type R 1334/10D/779) and its ranges of frequencies
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by moving the short-circuiting ber 'T', This bar
carried a coupling loop 'L', the cutput from which was
taken to the receiver via & co-eaxiel line 'C?, The
size of the loop was not critical and was fixed after |
a preliminary adjustment, This type of coupling hed
the advantage thet any part of the discherge tube
could be placed in between the coupling electrodes,
in order to measure the output from different points
on the axis of the discharge tube,

2wo receivers were used to measure the frequency i
of the signals, One (type TN-3A/APR-1) was from
an ex=U,S. Navy eaquipment and had a range of 300-1000

Me/ss 'The other was a product of the British Admiralty

were between 20-260 Mc/s, with two gups between 90-95

Me/s and 125-135 Mc/s.

4,2.,5 These two recelvers were calibrated by 1
Marconi standard signal generators, With the help ;
of the internal thermistor bridge on the signal gsn-

erator, the minimum detectable signal was found to be

of the order of 10~1C watt, per ¢/s of band width of

about 1 Me/s. . This powe2,distributed uniformly over
the bandwidth,would be equal to that recelved from a
resistance at 6500° K.

The moan eleetron energy in the discharge was

expected to be equivalent to a temperature many times

this value, indicating that a large mismateh occurred
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between the coupling and the discharge column, The

intensity of the oscillations in the discharge was,
therefore, always greater by an unknown factor than
that avallable at the receiver inputs This belief
was substantiated by the fact that when the probe in
the tube was used for a direct coupling,the signal

at the inpubt©f the receiver was much stronger than
when using the external coupling. Although the
signal sirenyth was higher for a direet coupling,

the background noise was also found to be too strong.
The external coupling, on the other hend, had ths
edvantage of some tuning and it was also easier to loc-
ate it exactly at the particuler point where the
receiver was found to be most sensitive tc the changes,
Moreovar, since the probe was used for meesuroments

in the positive column. at the same time, the externsal

| eoupling was used for studying the osecillations,

| Another interesting point was obhserved in using the

prove for a coupling, This probe was situsted almost
entirely in the central part of the current beam (see
3+4442), 8nd in spite of a large signel, very little
influence of externul light could be detected on the
oseillations. On the other hend, & tube,wherecin

the probe waset a very short distance from the wall

of the tube, failed to give any signals being received
by the probe,

4,746 During the calibration of the receivers, it

|




é on a Cossor double beam oseilloscope (Type 1035),

| 40247 The output of the receiver could be displaeyed

- 7]l =

was also noted that depending on the IF bandwidth,

the recelver gave resronses at a series of positions
of its dial, for every signel of a particular fre-
queney, injected from the signal generator into the
receiver, Thus 1f the discharge emitted simultaneous

signals at a number of frequencies, the observed

response of the receiver would be expected to be a
combination of all the series of responses for each
individual frequency.

in order to distinguish between the individual
frequencies of oseclllations of the discharges, from
the total number of responses obtained at the receiver,
different signals from the signal generator were
injected into the recelver, along with those fo m the
discharge tube.. The beat notes obtained at various
frequencies were noted, and the value of the individuel
oscillations of the discharge could then be obtained
by refering to the calibration curves of receiver

responses against signel generator frequencies,

At each frequency of oscillations, the received signal

appeared to be produced by a series of very narrow

pulses at a repetition rate of efew ke/s., The time l
from the start to the peak of the pulse was sbout 2,0

microseconds and the total pulse sbout 40 mioroaecondaJ
The repetition rate of these pulses was found to vary !

with the discharge current but, because of their
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random distribution over the beam of the oscllloaoope,|
an estimate of the varistion ecould not be made, The |
td a1 width of the pulse appesred to be unaffecteds |

The emplitude of these pulses, as sezn on the
oseilloscope could be calivrated, for different gains
of the receiver, from the known level of the input
signal generator, by using the thermistor bridge,

The level of the intensity of oseillations from the
discharge tube was estimated from this calibration |

of the heights of the pulses as seen on the oscilloscope,

4,2,8 As mentioned eariier, a vrandom electrical
hoise! wes always present, along with the oseillations
detected at discrete frequenciles, This noise was
found distributed uniformly over the entire range
investigated, except between 450-1000 Mc/s, wherein

it was found to reduce gradually to & minimum at about
650 Mc/s and to rise again thereafter, The amplitude
of the noise was found to be independent ef the

tuning of the receiver, as well as the tuning of the
Lecher-wire coupling, Any screen cage was not used,
since the noise was found to be more characteristic of
the discharge than of an external electrostatic origin,
?urther the discharge tube was rejuired to be kept
out of any shielding for irradiation by external

visible 1light, In some cases, simple R-C filters F
were effective to reduce the spuriocus ciremit :

oscillaticns,
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4,2.9 By verying the position of the coupling
glectrodes along the tube, 1t was found that the
maximum intensity could be obtained for the oscill-
ations, as estimated from the calibrated heights of the
pulses displayed on the oscilloscope, when the
soupling hemi-cylinders were enveloping the cathode
dark space, This conformed to the results of Cobine
k Gellagher (1947)fend of Neill & Bmeleus (1951).

In fact, except for the highest pressures in the case
of air and for the two higher pressures in the case of
hydrogen, no oscillation could be piecked up with the
coupling anywhere else on the tube, than around the

cathode dark space,

44,2410 Since a connection between the L/F oscill-
ations end the striastions in the positive cclumn 1is
indicated by some workers [Loeb (1947, p. 573),
Labrum & Bigg (1952)] , sttempt was made to measure
the low frequencies of osecillations of the striationms.
The Cossor oscilloscope, which had an emplifier with
& nearly uniform response between sbout 50 ¢/s and 1
Me/s, and which was provided with time and voltage
calibrating devices, was found to be a convenlent
deteetor for lower frequencies, A photo-multiplier
(Type RCA 931), with a fine slit in front, was made
to look at the edge of a striastion end its output
was displayed on the second beam of the oacilloscope,
Oseillations, characteristic of the discharge were

observed at a fregquency of about 200 ke/s, These
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were distinet from random noise, and the frequency
was dependent on the pressure and the discharge

current,

4,2,11 Measurecments of the frequencies and the
intensities of the H/F oscillations of the discharge
were made in the case of both hydrogen &nd air, with
and without external irradiation, while those for the
frequencies of oseillations of the strietions were
only made without irradiation, (Under irradiation
the photomultiplier could not detect movements of
striations), All these measurcments were made along
with the probeand discharge current measurements, as
described in section I of this chapter, and hence

the values of pressures and discharge current were
the same as in tables I to VIII of section I,

These results are given on the following pages in
tables IX to XII in the case of alr and tdbies XIII
to XVI in the case of hydrogen. The general trend
of results wes a diminution 1n the intensity of the
oscillations on exposure to light, as measured from
the heights of the pulses, displayed on the oseillo-
scope, In only & few cases & distinct change in the

freguency of the oseillations was observed.




. 8 «
FABLE IX

Measurements of the strengths afid the frequencies of the

H/F oscillgtions from a dilscharge in alr at a pressure of

p=1.,35 mm, Hg,

%%I to the index numbers of the horizontal rows: (1) The
eqency of oseillabtion in Mc/s, (2) The estimated ampli-
tude of the signal as fed to the rocelivera® 8 was less
by an unknown factor, from the expeeted amplitude of the
generated signal in the discharge (see 4.,2,5 ), (3) The
frequency, at which the striations were seen to be oscil-
lating in the positive coclumn of the discharge by a photo-
multipliery in (Ke/s).

RS P kg

Total ! . ; ’
Discharge ' in under in |under in |junder in |under
Current Dark Light Dark Light Dark Light Dark Light
in Dﬂ.rkq | | ‘ |

E(l)i 2¢ | 24 42 | 42 | 169 | 169 @ 481| 451

1,30 mA [ (2)| 3,2 2.8 6.8 5,9 | 0,4 0,4 18,3 16,5

(%) 238

(1) 24 24 42 42 | 131 131 451 481
1,98 mA  (2)) 341 248 6,0 5,2 @ 7.8 6,1 18,0 16,3
(3) 238

(1) %6 | 24 42 42 17 131 451 451
2,68 mA | (2)| 249 246 | 548 541 | 649 5.6 | 17,8|15,9
(2) 238.2

B,95mA (1) 24 24 42 | 42 131 131 | 451 451
(8) 2.4 2,0 5,6 4,9 849 5.5 | 17.2(15,1
(3) 238,2
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TABLE X

Measurements of the strength and the frequencles of the

HZF oseillations from a discharge in air at a pressure of

= 1!56 m.gg-

For key to the index numbers of the horizontel rows, see
Table IX on p.75,

| | | | |

Total

Pischarge in under in under in %nder in under
Current Dark Light Dark Light Dark Light Dark Light
in Daxk | |

(1) 24 | 24 42 42 169 189 | 451 451
1,49 mA  (2) 1.9 | 1B 542 5,0 843 749 1648 14,9
(3) 241

(1) 2407 24 42 42 169 168 451 481
2,07 A | (2)| 048! D45 = 448 401 .35 7.8 1643 14,1
(3) 241

(3} == | »=| 48 | 42 (169 | 268 | 451 48]

2.60 m& (2) _y ek 5.9 5.2 7.8 6.9 15.7 13.2
{3) 241
(1) == | ==/ 42 | 42 | 109 | 167 | 451 4851
3,16 maA (2) == as| 8,8 2.6 6,6/ 6,0 15,0 12,6

(3) 241




TABLE XI

Measurements of the strength and the fregencies of the

H/F oseillations from a discharge in air at a pressure of

E =1-86 m_._ Hg.

For key to the index numbers of the horizontal rows, see
Table IX on p.75.

Total 1 f

Discharge | in  munder in Eundar | in hnder
Current ‘Dark Light Dark Light Dark Light
in Dark ‘4 |

(1) 42 42 169 | 1867 451 | 451
1,69 mA (2) 2,1 2.5 840 | 5,7 14,6 | 12,4

(3) 241.5

(1) 3 -- 169 167 451 451
2,22 mA [{2) «- “- Be3 4,6 13,9 11,9

(8) 241.5

(1) =~ - 18970 167 451 | 451
RT3 mk [ (B) e os | 48 | 346 11.9 10,1

(3) 242

(1} -- -- 169 167 451 451
3,21 mA  (2) -- - 2.9 2,2 10,2 8,8

(3) 242
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TABLE XII

Measurements of the strength and the frequencies of the

H/F oscillations from a discherge in air at a pressure of

P =2e12 mris Mge

Por key %o the index numbers of the horizontel rows, see
Teble IX on p.75.

I i 1 ’

Totel | | | |
ischerge | inm under | &n | under
Current | Dark  Light Dark | Light
in Dark . .

I ?

1) | 169 167 481 | 451
1490 mhA [(2) 149 | 045 Q.4 841

!(3) 244,

3

!(1)_ I e _ 451 451
2.40 mﬂ- (2) - - | 9.2 7.8

(3) 244

(1) >3 - 451 451,
2.89 mA | (2) o L 8.3 ’?.3

(3) 244,5

(1) 31.2 3140 451 451
3.38 m& (2) 1.7 0.5 7.'? ..6-.2

{(3) 244,5
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TABLE XIII

Measurements of the strength and the frequemcies of the

B/F oscillations from adischarge in hydrogen st & pressure

E'—' 1.25 M1 & Hgl

Key to the index numbers of the horizontal rowsi (1) the
frequeney of oscillation in Me/s. (2) The estimated smpli-

of the signel, as fed to the receiver X 10’7 watts, This

was less Dby an unknown factor, from the expected litude

of the generated signal in the discharge (see 4,2,5 ).

(3) The frequency in Ke¢/s, at whieh the striations were

seen to be oseillating in the positive column of the disecharge,
by a photo-~multiplier,

| [ : T

Total - -
Discharge in under in wunder in under in under
Current Dark Light Dark Light Dark Light Dark Light
in Darks ;

(1) s8 57,6 118 118 172 172 | 362 362
1,656 mA | (2) 18,6 18,1 = 6.5 6,2 | 3,9 | 2,8 | 21 19,9
(3) 284

(1) 68 |567.8 118 |218 | 172 Y72 | 382 362
27 mA [(2) 1844 | 17:9 | 562 | 4,7 | 3,2 2,0 18 | 17.3
(3) 284

(1) 58 57,5 118 118 172 172 362 | 362
2,95 mA | (2) 18,0 | 1744 | 3,11 2.3 | 140 0,9, 17,6 17,0

($) 2840
(1) 58 58 118/ 118 P 362 362
5.5 m (2] 1'7.6 17.2 2..6 0.9 kb o 17;1 16.5

(3) 285.5
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TABLE XIV

Measurements of the strength and the frequencies of the

E/F oscillations from a discharge in hydrogen at a pressure
E= 1.8 m! Ii.s-

For a key to the index numbers of the herizontal rows, see
Table XIII on p.7%.

[ | | ]
Total f |
Discharge in under | in under in under
Current Dark Light Derk Light Dark Light
in Darik,
;(1) 58 88 | 118 | 118 262 | 562
2,02 (2) | 17.2 (16,8 | 0.8 0,1 16,4 15,7
(3) 236 | |
(1) 58 58 - - 362 | 362
2,64 mA (2) 16,7 16,0 - e 16,0 14,9
(3) 286
(1) 658 58 - - 362 362
3.17 mA | (2) 16,1 15,3 - - 16:3 14,0
(3) 286
(1) 58 58 -— e 262 362
5.80 mA (2) 15,3 14,7 . - 14,7 13,3

(3) 286,5
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TABLE XV

Measurements of the strength end the fregquencies of the

/P osciliations from a disecharge in hydripen at a pressure

p=2s6 mas Hge

Por a ey %o the index numbers of the horizontal rows, see
Table XIIXI on p.79.

Total . .' l |
Discharge _! : !
Curreut ° in under in under in under
in Darie Derk Tight Derk Light @ Dark Light
(1) &8 58 =S - 362 352
2412 mA (2) | 14,6 | 14,0 -— - 13,9 12,8
(3) 287
(1) 88 58 - - 362 262
2.71 ma (2) | 13,9 | 13,1 -- - 13.0 | 18,1
{3) 287
(1) =868 58 - - 362 362

3¢34 mA (2) 13,1 12,1 | == .- 123 2,3
(3) =287

(L) 58 58 210 210 362 362
5,92 mA (2) 12,4/ 11,2 336 | I8 | T1.Y | 30,8
(3) 287
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TABLE XVI

Measurements of the strength and the frequencles of the

H/F oseillations from & discharge in hydr@gen at_a pressure
o) =P85 e EE.

¥or a key to the index numbers of the horizontal rows, see
Table XIII on 1,79,

R Sy

%gggiarge | 4n ﬁnder 'in  under | in under
Gurrent Dark Dight Dark Light | Dark Light
in Darlk, | | | Ty |

(1) | 58 58 210 | 210 : 362 @ 362
2430 mA £2) (11,6 (10,8 | 16| 1.4 | 1140| 105

(3) 287

(1) | 88 88 | 210 210 | 362 362
2,85 mA (2) [ 20,7 | 9.0 049 0,9 | 10.0| 9,4
3! (3) 887.5 '

(1) 58 R 362 362
3446 mA (2) 9.6 8,41 e | - 9,6 8.6

(3) 287.5

{1)| 88 58 - - 362 362
4,09 mA (2) 8.9 % O 748 7e3

(3) 287.5
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SECTION III: STUDY OF THE TIME LAG.

4,3,1  Although the reduction of the discharge
current on exposure to visible light appears to be
instantaneous, a certain time-lag could be conceived
for any process or processes responsible for the
effect of visible light, An attempt was,therefore,
made to obtain some information, if possible, abhout
the processes involved, by studying the time-lag in
the reduction of the discharge current, on exposure

to visible light,

4,32 One of the ways to study the time-lag of the
effect was to use & sultable type of shutter mechanism
in front of the irradisting source, Since same
preliminary experluents designed to measure the time-
lag up to 10 | sec have failed to give any results,

it was taws imperative that the shutter mechanism

had to operate mr eferably within a time of 0.1 M sec,
Any mechanical type of high-speed shutter, suech as two
contra-rotating discs,could give an exposure to better
than ome . sec, but hed the disadvantage that,when
operated in front of a lamp, it could not give pulses
of light of enough intensity, A Kerr-cell combin-
ation was another possibility but due to the absorption
of light in the liquid of the cell, the transmitted

light 1s not intense enough to show any effect.

4343 A Stroboflood lamp was,therefore,chosen as &

'fDawe Instruments (London) Ltd.

F

|
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source to give short intense pulses of light and the i
frequency of the pulses was controlled byusing e ‘
standard Stroboflash unit to trigger the Stroboflood |
lamp. The errangement was found quite econvenient to ‘
obtain intense bursts of light (about 1 joule per l
flash) at a repetition rete that could be varied from ;
10/sec. to 100/see. The flash duration was about 20 |
wsec. at half-peak intensity. The experimentel set-up
was as shown schematically in Flg. 13. The lamp was

kept in front o the discharge tube which was kept
in dark, The discharge current was found to diminish
on exposure to each irradieting flash end these pulses
of the discharge current were observed on a C.R.0.

The light pulse was not perfectly square but hed its
own characteristic curve, Hence the behaviour of this
light pulse at various repetition frequencies had to |
be studied. These light pulses were observed on the

second beam of the seme C.,R,0, by using a photoelectri

cell, A RCA 931 photomultiplier wes found advantage-
ous since, being a very hard-type cell, it hed a good |
response up to 10*7 seec, The cell was independently
calibrated by using a rotating dise with a slit in J
front of a steady lamp., The square pulses of light
up to 10 psec.width were seen to he Taithfully
recorded by the photomultiplier, In the actual
experiments the light of the Stroboflood was too
intense for a multiplier ahd the cell had to be

nroteated by using a very small (pin hole) eperture in
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front of the photosensitive cathode, The multiplier
was:kept in front of the same lamp used to irradiate
the discharge tube and its output was fed to the
second beam of the C.R,0, (see Fig. 13), These two
pulses, one of the discharge current and the other
of the irradiating flesh were seen simultanecusly

on the C.R.0, as shown below in Fig. 14,

|
| |9]-.~l: Pulse.
|
|

bl
L
\ | K(',urren’c pulse

|
:
I

FIG.l4

4,3,4 The current pulse,hs seen on the C.R,0,,
often exhibited some'ringing towards the trailing end
(shown dotted in Fig. 14). This was mainly due to
the fact that the two ampliflers operating the two
beams of the C+R.0. had different sensitivities and
very often the picture wes not the same when the two

pulses were interchanged on the two beanms, The

[ %/
Qringing was attributed to some spurious oscillations

| in one of these amplifiers, Since it wes desirable
it was necessary to eliminate this uncertainty of the

up two exactly ldentical emplifiers, The circuit

amplifiers, This waes achieved by designing and wiring

diagram for these D,C. amplifiers is given in Fig. 16.

to see exactly how the light and current pulses behave,i
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The total gain was about 50, The output ecould be
obtained as either a positive or a negative pulse

by coming out either off the eathode wer o

off the anode loads This wes useful to reverse

the plcture of one of the two pulses seen on the
CsR.0, for easy comparison, Each amplifier has its
own independent gain control. Both these amplifiers
were wired-up point-to-point identiecal at each

stage an@ were tésted with a standard square pulse
generator, The output pulse was undistorted up to
one u. Sec, These two amplifiers were then made to
replace thos=e on the scopre and the output of each
was fed directly to the y; and Vo plates, The
-ringing efifect oncone of the two pulses disappeared
(as expected) with the use of the two new amplifiers,
Shielding of the output cables was pald attention to,

in order to evoid any stray pick-ups in the eircuit,

4,3.,5 The behaviour of the light and current pulse

was now studied by changing the repetition frequeney
of the irradieting flashes, The following were the

main points observed:

4,3,5(a) LIGHT PULSEs (1) the light pulse did
not éxhibit & change in 1ts shape, This was con-
sistent with the knowledge that the duration of the
Tlash is characteristic of the power going in to the
flash lamp and is independent of the repetition
frequencye.

(2) The width of the pulse at half-peak




|
intensity was measured to be 29 usec. at the repetition

frequency of 100/sec.
(3) The amplitude of the light pulse
which was proportional to the peak intensity of light

emlitted by the flash lamp, gradually fell with 1ncrea34

in the repetition frequency,suggesting that the light
intensity of the lamp diminished gradually with
higher repetition frequencies (see Pig. 19).

443.5(b) CURRENT PULSE: (1) The amplitude

the
of the current pulse which was proportionel to/(effect

of external light, first remained unchanged when the

repetition frequency was changed from 10/seec.to 50/sec.

but later - it dropped by 12% between 50/sec¢. and

58,3/sec and again remained unaltered up to 100/sec,.
(2) This drop in the effeet wes not

observed particularly at any one repcetition frequeney,

but wes gradusl between 50/sec and 58,3/sec.

4,3+6 S8ince the behaviour of the light pulse

had suggested that there was a change in intensity
with fregueney, it could bring out a corresponding
reduction in the light effect, seen as a reduction in

the amplitude of the current pulse, Although this

change in the irradiative intensity with the repatitiow

frejuency was spread over the entire range of 10/see.
to 100/sec, whereas the change in the amplitude of
the current pulse was only observed mainly in the
renge of 50 to 58.,3/sec, it was of much interest to

cut down the intensity of light by an amount equal to
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the observed reduction associasted with a2 change of

frequency from 50 to 58,3/se¢c and note the correspond=
ing reduction in the current pulse. A simple method
of changing the intenslity of irrsdiation was to take
the source away from the discharge tube, with the
intensity falling according to the inverse square laws
However, this had two mein disadvantages: (a) as the |
source was taken awaey, the discharge tube had to be
protected from any stray light, and this problem

of moving the source on a lightetight path was tedious
to operate experimentally; alse (b) the relation
betveen the distance end the intensity being of a
square power, the accuracy of moving the source to get
very small changes in intensity demanded elaborate
modifications, 4An easier method of econtrolling ﬁhe
intensity with precision was adapted by introducing
two polaroids ' between the lamp and the discherge
tube, It wes then & simple matter of controlling
the intensity of light falling on the tube by
chenging the orientation of the axes of the polaroids.
One of them was kept locked and the other rotated .

relative to the first.

4,3.7 With this arrangement the experiment
deseribed earlier in 4.3.5 was repeated, The pola- |
roids were initially kept with their axes parallel
to each other sllowing meximum transmission, The
current pulse did not change in amplitude t1ll 50/sec.

As the repetition flash frequency was further increased
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from 50/sec to 58.3/seec, the amplitude of the current

pulse was reduced by 128, The amplitude of the light |

pulse also changed a little as the irradiating intensit
dropped ;. This new position of the peak of the
light pulse was marked on the face of the C.R.0,

The flash frequency was then lowered to 50/see, and

both the pulses regained their original amplitudes.

Now keeping the flash frequency fixed at 50/sec. the
orientation of the polaroids was so changed to bring
down the amplitude of the 1ight pulse to its marked

velue at 58.3/sec, However, the corresponding

Y

change observed in the current pulse was only 2.5%.
This suggested that the observed reduction in the light:
effect between flash frequencies of 50/sec and 5843/

sec, wes more characteristic of the change in the

flash frequency than of the change in the light
intensity which was associated with e change in flash

freguencye.

4,38 However, before this change could be
atbeibuted to the repetition flash freqﬁency, another
interesting point was observed, When the orientation
of the polaroids was changed towards cut-off the
transmitted light was seen to be more and more purple.
It indicated that the problem of controlling the
intensity with polaroids was complicated in &s much
as three parameters were simultaneously involved.

First, the flash lemp of the Stroboflood emitted e
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line spectrum superimposed on a wide bend (roughly
between 3500 & to 6500 A), With different
orientations of the polaroids,this band was cut

off to & narrower snd narrower part but the trans-
mitted part was &lso shifting towards one end of the
spectrum and finally the multiplier had its own
spectral sensitivity curve, The variation in light
intensity as effected by pélaroids was noted by
messuring the amplitude of the light pulse as seen
on C4Re0.; but as we were operating in different
parts of the spectrum for different orientations of
the poloroids, there was every possibility that the
amount of variastion shown on the C,R.0, may not be
the true variation in intensity, To analyse these
changes a further calibretion of the set up became
necessary and these experiments were carried out as

follows:

4,349 A constant deviastion Hilger spectrometer
was vsed to obtaln the various spectral sensitivity
curves, The general set up of the experiment was
as shown in Fige. 18, The drum of the spectrometer
wae initially calibrated with a Hg-arc spectrum
obtained by using the tube of & commercial Hg-are
rectifier as a source, The 8troboflood lamp was
then used as & source &nd its sveetrum was studied

by the photo-multiplier as a detéctor. This is shown

in Fige. 17 by & continuous line, In the same
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figure the spedtrum of an incandescent lamp is also
shown (dotted curve) uding the multiplier as the
detector, This dotted curve, whieh is the spectrel
sensitivity curve for the photomultiplier shows a
peak at 5250 A, Using the incandescent lemp again
as a source, the two polaroids were inserted
between the lamp and the slit of the spectrometer,
and the varietion of photo-current as a function of
the various settings of the axes of the polaroid was
studied, (See Figs 18). This curve was plotted

with the drum fixed at 5250 A, st which the multiplier

was found to be most sensibive, The behaviour of

the spectral curve of the Stroboflood lamp for various

settings of the polarolds was studled next, and the
results are given in Fig. 20, From these curves

it is evident that there is no selective absorption
by the poleroids (as far as the photo-multiplier 1is
concerned), since the reduction of the amplitude of

each peak follows the curve of Fig. 18 very closely.

4,3.10 Following conclusions could then be drawn
from these calibration figures with reference to

the previous experiments,

(1) It was evident that although the traensmitted

light eppeared to be more and more purple to the eye

towards inecressing difference of angles between the '

axes of ‘the poleroids, the photomultiplier was

immune from this change and hence the light pulse as
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seen on C,R.0. was a true representaﬁion of the
intensity of the transmitted light,

(2) ‘Although the photomultiplier is not muech
affected by such a change in the colour, this might

affect the discharge current, sinee the light effect

1s known to vary with the frequency of the irradiating |

source (vide 1.,5.,6). But, if the trensmitted light
is shifting more towards the blue side of the
spectrum, the effect should, in faet, increase,
causing an inerease in the amplitude of the eurrent
pulse, This eliminated the possibility that the
reduction in the amplitude of the current pulse with
increasing angle between the axes of the polarolds
wae due to the spectral shift of the transmitted
lighta. Therefore, the condition that the light
pulse, as seen on CsRe0,, diminishing, was believed
to be charscteristic of a real change in intensity
of the irradiating light,.

4,3,11 Thus the results indicate that the change in
intensity of the irradiating source assocciated with th
change in repetition frequency of flashes from 50/see
to 58,3/sec. could not totally agcount for the
observed reduction in the light effect. The:i above
experiments done in air, were slso repeated with the
same tube now filled with H,, The observed raductioﬁ
in effect was 8.2% between the range of fregueney of

50/sec to 66.7/secs3y out of this 3% was due to change

|
|
|
!




- 93 = |
in irradiating intensity, [The order of the light |
effect for various gases is Og < Alr <Ng < Hg (see
1.9.4(a))] « The effeet of external 1ight is known
to increase with V,, the applied potential and also |
with p, the pressure of the gas, (See 1,5,1 and
1¢5.3). 1In these experiments, as the pressure and J
the field were increased, the initisl discharge aurrant?
and so also the effeet of light increased, but for |
comperison of results when the gain controls on the ;
emplifiers were adjusted to give a constant amplitude
for the current pulse, the percentage effect was ;
observed to be the same every time, Another
important point observed wes that, although a change

in amplitude of the current.pulse was seen, there

was no significant chenge in the shape of the pulse,

which remained almost constant throughout, about 62 !
(sec, wide at the base - slightly less than the width |
of the light pulses Also the peaks of the two !
pulses were exactly located at the same instant, (see |
Fige 14), indicating that the effect was maximum when |
the light intensity was also meximunm, ‘
|
|
|
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CHAPTER V.

CONCLUSIONS,

5.1 Deductions from Probe Measurements, corrobor-

ated by the Measurements of the Discharge

Current in parts.

5.1.1 This study was the first systematie¢ invest-
igation of the light-effect in d.c. dishbharges, where
the better knowledge of the processes of d.c. dis-
charges was used with advantage, by meking direct
measurements with & probes From fundamentel eon-
siderations of the composition of the discharge
current, as discussed earlier in 1,8, it appeared
that the factors likely to be influenced by visible
light were n, the number of charged particles and/or
k, the mobility., Detalled consideration of these,
s inecluded in 1.9, wes strongly suggestive of a
cﬁango in n due to less of electrons by attachment.
The attachment of electrons would then be responsible
for a consequent change in the average mobility of the

charged particles,

5s1e2 As discussed earlier in 4,1,5, a simple probe
could not be used to obtain direct evidence of an
increased formation of negative ions, The concentrats
ions of positive ions, calculated from the saturation
positive ion current to a negative probe, were found

to decrease on exposure to external light,
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The dif ferent processes responsible for ionization
are discussed at length earlier in Chapter II, The
most likely process, as given in 2,4, 1s ionization by
electron collision, since the probability of ionization
by electron impact hes a meximum value greater than
the corresponding quantity in exeitation, Thus a
diminution in the concentration of posdl tive ions was
suggestive of a less numberf;leotrons avalleble for
formation of positive ions by collision, Considering
the different possibilities for loss of electrons, as
given in 1,9, the observed reduction in positive ion
concentrations was thought to imply the presence of
more negative ions under irradiation, This was
believed to be corroborated further, by the observed
reduction of the discharge current collected by the
outer ring, which was mostly due to eleetrons, as

given in 4,1.9.

Seled The relative increase in the positive ion

concentrations obtained by the probe, when it was in the

glow of a striation, gave evidence that negative ions
were grouped in the inter-striation dark spaeces, This
elso conformed with the observations of agashe (1951)
that the light-effect 1s maximum when the luminous
parts of the positive eolumn are irradiated, The
curves by Allis et al (1951) for ionization rates per
electron secross the discharge suggest that the rate
is meximum in the luminous part, Plasma resonance

can produce these high ionization ratesy and since

!
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the excitation at each point is proportional to the
ionization at each polnt, this should slso correspond
to the light intensity emitted by various portions of

the discharges

E S5ele4 The observed dependence of the effeect on the
i discharge current and on the pressure of the gaes was

’ compatible with the results, summarised in 1,5.1 and 1l.543.
The td al effect in the case of hydrogen was smaller

than that in the case of air, A total absence of any
influence of "ageing" in the case of hydrogen was believed
to indicate the effect of purity of the gas. The
importance of impurities on the life of metastable atoms

is mentioned in 2,8.2.

Beled As given later in 5,2,3, indications of =a
‘negative space charge on the wall of the discharge
tube was obtained, which was probably limiting the
flow of electrons to & narrow shell between the wall
end the axis of the tube. According to t he theory
advanced by Joshi (1939, 1945 and 1946) the layers

on the walls of the vessel emit photo-electrons under

| the aetion of light, No evidence of a presence of
additional electrons, under irrediation, was obtalned
in the present study, either by the probe or by the

=gsplit-electrode.

SelebH The view of Prasad (1945 that when radiat-
ions fall on the gas, exclting it to higher vibrational

end electronic states, the dicleetric constant and
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hence the dieleetric current decreases, was not

applicable to the present work in d.c. discharges

The role of photo exeitatiom &nd photo-ionization

i wherein the current was definitely an ohmie current,
|
|

| has been considered previously in 2,7, Frank and

| Grotrian (1921) have pointed out that stoms op mole=
| cules in excited states will have properties entirely
| different from neutral molecules and in m me states
mey well have a strong electron affinity., The
influence of external light on the attachment probab-
1lity mey, therefore, be looked upon by way of an
intermediate state of photo-exeitation. Photo~diss~
ociation of molecules into atoms is alse a possibility,
&s mentioned earlier in 1,9.4(a). Loeb (1952) has
suggested that the dissociative capture of electrons,
to form negative lons, could explain many results,
especially the quenching of Triechel pulses, the
decrease of luminodl ty end the time-lag, This
equation glves a time-lag due to ion-formation of the
order of 10°7 sec, with eleectron energle s of about

3 ev,

}5.2 Deductions from the Noise Measurements,
542,11 In the present study, the searech for osecill-

ations from the discharge was mainly confined to the

high frequencies, in order to obtain some informatien
‘about the concentrations of eleetrons, in light of the
%obaerved reduction in the sleectronic part of the

diseharge eurrent. as colleeted bv the onter ring af

1
]

|
1
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the split electrodes No oseillations were detected

in the range of plasma-electronic oseillation fre-

quencies, under conditions sultable for observation

of the light effeets The observed oscillations were
Ealao not related to plasma-ionic osecillations, They
'were more characteristic of electrical noilse confined
T ——— frequencies, Their intensities were

:too high for any conneetion with thermsl origin,

|

154242 As mentioned earlier in 4,2,5, the influence
of light was absent when the probe, which was invest-

igating near the axls of the discharge tube, was used

oscillations had their origin related more to the
imovements of electrons than to the movements of ionse.
:The intensity of the osecillations was also found to
be meximum when the external coupling wes around the
ecathode dark space, where the eleectrons acquire most

of thelr energies,

5.243 When & probe, investigating close to the

' to plek up any signals, as it was probably surrounded
!by a stgble negative space charge on the walls, This
ieould prevent the oscillations of electrons from being
picked up by the probe, Under irradistion, 4 nce
a distinet change in frequency was obtained only in a
:few cases, & definite identity of the oscillstions

'with electrons, believed to be leost under irradietion,

es a coupling, This was suggestive that the obaervedl

walls of the tube, was tried for a coupling, it failed
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could not be established,

54244 The signals appeared to be produced by !
ivery narrow pulses, whose amplitude deereased on |
iexposura to light (see 4,2,7), The nature of these
:pulsea was simllar to those observed by Harries &

| Bngel, (1951) in the case of electrodeless 8eCs I
' |
| discharges, However, tley could not be aseribed, |
' in the present case, to partisl discharges of different

' regions of electrode surfaces, !
I |

54245 The oseillations at which the striastions
were found to be oseillating in the positive column

were coherent at a frequency of about 200 ke/s, as

reported by Labrum & Bigg (1952)., Although they
{were not dependent on the external eircuit they were

‘more echaracteristic of a type of relaxation oseillations

of the whole plasma than of plasma-ionic oseillations.

563 Deductions from the Study of the Time-lag,

543,11 From the study of the two pulses of current
and llght as displayed on the scope (see Fig, 14),
|

it was seen that the peak of the eurrent pulse and the i
ipeak of the light pulse were oeccurring at the ssme
instent, The bases of these pulses, whose durations |
fwe:; about 69 usee, as mentioned earlier in 4,3.11,

?were dilsplayed on the scope over a 1a;gth of about 60
Emm. By inverting one of these pulses, with the |

provision on the amplifier as mentioned in 4.3.4, the




| in the amount of light-effect up to a flash frequency

| pulse occurred, The observed change in the light

|
- 100 = |
|

peeks of the two pulses e¢ould be eompared within

at least a millimetery so the absence of any difference
between the peaks of the twe pulses up to a milli-
meter eould be regarded as indieating no time lag,

between the exposure of the discherge to irradistion

and eonsequent reduction of eurrent, up to 0,8 p sec,
This compares with the figure by Loeb (1952) of 107

sec, for the time-lag due to ion formation (see 5,1.6).

5e342 In the case of air there was no change

of 50/see, which Would mean that the whole process
responsible for the light effect was complete within
20 milliseconds, after which interval the next light

effect, when the flash frequenecy was changed from
50/sec to 58.3/sec., was a diminution of 12,0%, out
of which 2,5% could be attributed to a ghange in
the intensity of the light pulse, if a linear relation |
between light intensity and light effeet is assumed,

Thus, & eritical part of the process, which was res-
ponsible for 9.5% of the total effect of 1light, |
appeared to occur after about 17 milliseconds, When
the flash frequency was changed from 58,3/seec, to
100/secs, no further change was observed, This
signified that the remaining part of the process was
probaebly occurring before 20 milliseconds and after
17 milliseconds, Whether it did really occur within
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3 milliseconds, could not be verified because

the meximum of thg repetition flash frequenecy of the
triggering Stroboflesh unit was unfortunaetely only
100/sec,

In the case of Hydrogen the eorresvonding
figures were - total process occurring within 20
milliseconds, a eriticel part, responsible for 5,2%
of the total effect occurred after about 15 milli-

seconds,

54343 The elaborate calibrations performed to
study the influences of different parameters involved
in the observation, e¢learly indicated that the
observed changes were truly characteristiec of the
variations in the flash frequencys If the attach-
ment of electrons to form negative ions is regarded
as the likely process, responsible for the action

of external light, 1t may be deduced that most of the
attachment was taking place within 3 milliseconds

in the ease of air and within 5 milliseconds in the
case of hydrogen, assuming that the remaining major
part of the process did complete itself within 3 and
5 milliseconds respectively, Further, in the case

of air, the percentage of the total process occurring

|
within this interval of 3 milliseconds (90,5%) was I

less than that in the case of hydrogen (94.8%)

occurring within 5 milliseconds, Thus, statistiaally%

over a certain interval of time, the effeet of light
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in the case of alr could be expected more then in
the case of hydrogen, This is compatible with the
previous results, obtained with a,e, discharges
[{sae 1.9,4(a)] , that under identiesl eonditions,
the effect of external light is more in the case

of alr than in the case of hydrogen,
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APPENDIX A,

A Note on the Conditions for Formation of

Striations 1h Hydrogen Glow Discharges.

During the investigations ebout the role of
striations in the mechanism of the effect of external
light on glow discharges, as discussed in detail
earlier in ( 4-'7.), another peculiar phenomensa
sbout stristions was observed, which was latér
investigated in more detail.

A few months before these observations were made,
Fowler (1951) had published & note about & remerkable
property of the striations which he observed. In
this communication, he has said that no striations
ever existed st the Junction A of the side~tube end
the mein discharge tube (see fig. 2V ), slthough stable
strietions could exist on both sides of A. When
the vieissitudes of increasing current compelled
striation Sy to move across the junetion, it moved
abruptly, and very quiekly to the position Soe In
all other positions the striations moved slowly end
smoothly slong the tube.

The phenomena noted during the course of present |

research was similar in neture to Fowler's observation.

A large discharge tube, 40 mm, in diemeter and 440 mm
in length, filled with hydrogen at a pressure of 1.2

mm. of mercury, with two internal electrodes was excit

ed with a stesdy potentiasl difference and it never




showed any striation being formed at the junction
when the tube was quite clean, However, this tube

once got heated so much during a long experiment,

that some grease from a stopcock which was directly
below the junctlion, evaporated, The dlscharge tube!
was held in a clamp, which rested exactly over the
junction (as seen in the photograph in Fig,22) and
the evaporated grease vapour condensed on the
relatively cold part of the tube in contact with the
clamp. Thus a narrow ring of grease coating was
formed on the tube directly sbove the junction, This
made & remarkable change as regards formation of
striations; a striastion was now found even at the
junction (Fig.22) end in fact the whole column of
striations could be moved all along the tube slowly
end smoothly without any abruptness, which was
observed earlier and which is described by Fowler,
Looking at the tube B in Fig.23 , which being
clean, confirms Fowler's observation that a
striation does not appear across the junction end if
we have to account for its absence by a discontinulty
in th2 glass periphery, as suggested by him, 1t appears
thet what the glass periphery does for formation of
a shriation can be compensated by the presence of
impurity on the wall of the tube in Fig, 22, The

action of such impurity in removal of metasteble

etoms is well known [Compton et al (1984)]3 end the |

role played by the glasswall can be probably looked
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upon in this light, We would, therefore, expect

 Fowler's observed effect to be even more pronounced
|
| 1f we work with a clean tube, whieh has a wider
|

slde-arm causing a wide break in the glass periphery
}at the junetion,
! To study this aspect we took & third tube (C)
|of a smaller dismeter but with a side-arm larger
in diemeter than the mein discharge tube (Fig.24).
The vacuum system was now provided with a needle valwve
and both the pressure as well as the applied field
could be varied continuously. With this arrangement
it was possible to get the striations such that
average distance § (see Fig.2!) between two of them
|wes smaller than d, the diemeter of the junction
opening, When a column of such strietions was made
to move over the junction, it was curliously observed
that a striatlion could now be seen at the junetion,
although the tube was clean, (Fig.24), Thus in
both clean tubes A and B, when D was greater than d
(or when D/d was greater than unity), striations
seemed in generel, to avoid the junction (Fig.23);
but in the case of tube C, where D was less than d
(or where D/d was less than unity), they preferred to
form across the junction - sometimes with a slight
hesitation - than to show any asymmetry in their
spacing.

Since & satisfactory theory of stristions hes not

yet been put forward, a complete interpretation of




every striation phenomena is not easy. Lau &
Reichenheim (1929 and 1930) have concluded that the
recombination of H atoms to Hg molecules at the wall
is important for the sppearaﬁce of striations,
Donahue & Dicke (1951) have concluded as & result

of thelr experiments that the travelling reglons

of positive and negative space charges, responsible

for striastions are initiated by the accumulation of

electrons in the negative glow region, On the other

hand, Loeb (1947 p. 573) has suggested that the
striations mey be associated with plasma-oscillations.
These results are in support of the view of the
mechanism of the striations, that they have their
origin in the plasma itself, Any electrical wave

of sufficiently short length, if propogated through
the plasma, would suffer a phase change on reflection
at the head of the column and would set up a standing
Wave, The striations may then be accounted for by
the positions of the nodes and antinodes. Recent
observations of Gale (1953) with H/F discharges
exeited by plaeing the discharge tube between the
wires of a Lecher system, show the presence of
striastions at the voltage antinodes indeed, There
are, however, other theories also,advocating the
presence of striations as due to the cathode
phenomena, Most recent observations of Boyd &

Twiddy (1954) giving somepreliminary results




about the eleectron energy distribution in the
striated hydrogen discharge, indicate that in a
striation, there is present a group of eleectrons
having energies considerably higher then the mean,
Gambling (1952) in commenting on Fowler's
observation, has suggested that the incresse in
the effective diameter at the junction may violate
the Druyvesteyn and Perning's (1940, Fig. 78)
empirical re}jation pR = m,where p is the pressure
of the gas in mm.,Hg; R 1s the radius in em, and m 1
is a constant depending on the eurrent, However,
this does not seem to account fully for the
phenomena observed in the present investigation,
since there can always be found & condition to
satisfy this relation even at the junetion, by
varying either the pressure or the applied field,

<

Although the pressure and the field were independently
changed over a.large range in the present invest-
igation, & striation could never be seen across the
junetion in both tubes A and B, when they were clean

and where D/d was greater than unity,
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A New Device for Breaking the Cepillary-

Seals of Gas-Bottles,
; ; ; !

During the course of this research, a new kind of |
|device was developed and successfully operated for :
breaking the seals of the gas~bottles, The gas—bottle#
in whieh various pure gases are commercially supplied

by firms like the British Oxygen Co., are usually
I supplied in soft soda-glass vessels, However, in

high vacuum systems, such as the one used in present
experiments, the assembly hes often to be made in a
lﬁard nless, like pyrex, in order to be able to bake
the system for thorough out-gesing, For use on such
systems, to facilitate the joining of the gas-bottle |
| direetly to the vacuum system without any greded

seals, the gases could be speclally obtained in pyrex

vessels,

f The usual method of breaking the capillary scals
’ on these gas bottles is to place a small iron ball

| inside the vertical neck of the gas-bottle before

| it is jeined'to the vacuum system, After evacuation
| of the neck, the iron ball is lifted by a magnet from |
{ outside of the glass neck and is then allowed to drop
on the fine capillary seal, This breaks the capillarﬁ
and allows the gas in the bottle to come out into the |
neck and then into the system as required, i

Although this technique is quite successful for



Pyrex-Glass Pyrex-Glass
side-tube enclosing sleeve l

5 !.- ] ! X
o LR SRR Y
N = o g - - r
--f‘--"--"—'----—-_—--’—

Magnetically moved
iron-peliet

Guiding constriction
for the long beak

\\l\
,’
(/
/
'I
(/
[/
,’ FIG. 25,

Top of the sleeve
coiled into a hook.

Pyrex-glass enclosing sleeve

Seal-breaking heavy pellet.

Reinforced +thick bottom,

Neck attached to the
gos bottle.

Capillary seal

AN
\\,. Gas-bottle
\\
N
\\
\)
\)

\)

\\

)



gsoft-glass seals, it has often been found that when
handling gas-bottles of pyrex, a round ball (as big

in diameter as the neek could take) is not
sufficiently heavy to break the hard glass capillary !
and larger cylindrical pellets had to be used, To ;
1ift these, a more powerful magnet is required, !
Further, when the purity of the gas is important, the
metal pellet is desired to be totally eneclosed in a
glass sleeve in order to prevent it from contamirme ting
the gas by out-gassing. With such an enclosing glass
sleeve, a still more powerful magnet is required |
to raise such & heavy c¢ylindrical pellet from outside |
the two glass walls (one of the enclosing sleevesnd
the other of the neck). When working in restricted
space, with systems compactly set up on smell trolleys,
the 1ifting of such heevy pellets by & large magnet
is indeed often cumbrous. '

To overcome these difficulties, a new arrangement

was constructed as shown schematically in detail in

the opposite figure, The seal-breaking heavy i
pellet is suspended in the main neck of the gas-bottle
& short distance over the capillary seal, by a glass
hook, through which the long beak of the encloéing
sleeve of another small pellet is passed, This
second pellet is placed in a side-tube, joined to
the main neck of the gas-bottle, The free end of the
side-tube is initielly open and a small constriction

is made at its joint with the neck, in order to guide
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the long glass beak along a particular direetion, !
In practice, the system is assembled as follows:
a small dimple 1s first mede 1In the neck of the gase
bottle (not shown in the sketech) above the capillary
seal, beyond which the heavy pellet cannot go and l
break the seal accidently, Then holding the gas~ ‘
bottle with its neck horizontal and the side~tube
vertical, the heavy seal-breaking pellet, which is ‘
totally enclosed in a glass sleeve and having a small
glass hook on top (see fig,) is slid down the neck
till the glass hook is directly below the constriction |
in the joint of the side tube, The second pellet,
which is also enclosed totally in glass and which

has a long glass beak, is then put in the side-tube

|

|
through its open free end, so that its besk passes l
through the constriction and through the eye of the !
glass hook below 1t, till the tip of its besk touches |
the wall cf the neek of the gas-hottle. Some cotton- |
wool is then packed over it, in the side-tube to
prevent it from sliding back, When the gas-bottle
is now mede to stand with its neck vertical, the heavy
pellet is suspended on the beak of the second side~-
pellet, above the capillary seal,

The gas-bottle is then joined to the vacuum

system in this pos tion, When it is secured in
its place, the protecting dimple in the neck of the

ges bottle is remové@d by playing a torech over it
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and at the same time, blowing through the open end
of the side-tube. The packing cottone-wool is then
gently removed and the side tube is drawn close,
leaving a space roughly equal to the diameter of the
neck, behind the side-pellet inside 1t,

The side-tube and the neck can then be evacuated: |
to the requlred degree of vacuum end baked out if |
necessary, In order to break the sealing capillary,
the pellet in the side-tube is drawn back, by en
outside magnet, towards tﬁe dead end of the side tube,.
This disengages the hook from the beek, releasing
the suspended pellet to drop on the caplllary seal
and break 1t. The bottom end of the glass sleeve
enclosing the dropping pellet is thickened to withstan
the lmpacte

The system has the following adventages:

(1) The pellet in the side-tube can be small,
meking it possible for a tiny magnet to operate it.

(2) Because of & side-ways motion in the side~
tube, the msgnetic force required to move the side~
pellet 1s only to overcome the frictional resistance,

wherees if & magnet is to 1ift the striking pellet,

the required force is to counteract its gravity.
With this device, it has been found that a tiny U=~ |
magnet can easily drop a heavy striking pellet.
(3) The required force for breaking the seal
of any hard glass cen be easily obtained either by

choosing a heavier striking pellet or allowing it to



drop from a greater heights Both these factors are
independent of the size of the magnet reguired,

From the little experience obtained so far with
this technigue, 1t is observed that the troubles of a
little extra glass-blowing, required in meking and
setting up the device, are amply rewarded by the ease

of operation and positive action,




- xi-—

APPENDIX C

Impurities.

Atom or First excitation
Molecule potential (e¥).

H 10.2
Hg 11.2
N 63
Ng 6.l
co 6.0
COg 10,0

(¢] 9,1

Op e
Hg0 7.6

I

13.6
15.6
14,5
15.5
14,1
1347
13,6
12,2
12,6

Landolt - Béranstein: vol, 1, (Part I), 1950,
by Meek & Craggs (1953).

Critical Potentials of Hydrogen and other

Ionization potentia

II

3542

Cited

1
i
|

[




TRANSITIONS

Elec~ |Elas~

e 8 ﬁ%ﬁ; 132, (1522, 1573, |13, 1573 1570 [ K37y 25750 [Ra7e (25736 2577 2577 [zation

&V |Qex10 |Qex10 | @ex10 | QuxI0 | 0o x10 | 0, %18’ | Qux1|Qex18 | Qe xi8| @ x18 | Qex10 | Qexll | QXIO | @y x10°

20 11k (19346 | 1416 33,46 (25,97 |54 59 (12,32 [9.421 | 30,82 |45.69 (17,38 [15.50 [31.38 [72.2

50 | 4745 9543|19,98 (18,49 17,17 (32,58 | 6,61 [6.163|12,32 (27.83]10.15| 6.34|17.10 [122,4

100 | 2642| 50.2| 6,72 | 9469|1344k |17.61 | 3,52 (4,051 6,52|10,30| 6434 | 3.17(10,10 | 93.3

150 | 17.8| 3ue3| 5.23| 6,63 8410 12,4k | 2,47(3.082| 4.75| 78| = | ~ | — | 72.2 é
200 | 13.5| 2545| 4a16| 5,02| 7.13| 9.69| 2.20|2.47h 3.70| 5e72| =~ | == | = | 59.8
300 el| 1746| 317 | == | == e o | — - -— —— g | - 38.8

00 | Ginl el piNR! e | ma | wn | e [an | ae | | ael| e | s |
W0 | kbl 0| BEE| S| a | an | S ke | o P | e [T | |-
2000 | mall Nl BRE| e | ] | e [ | el e | | - |




