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FOREWORD AND ACKNOWLEDGEMENTS

Since this theeis represents contributions to two
distinct fields of Stark effect research, it is presented
in two independent sections.

In the first of these a detailed report is given of
the Stark effect for_E;ypton. This completes another in
the series of investigations on the rare gases which are
being carried out in this Laboratory under high disper-
sion,

This problem was initially investigated by the writer
in 1930-31, at which time a general survey of the spectrum
was made, A Hilger El Quartz spectrograph was used which
was focussed tO cover the visivble spectrum. The Stark
effect was found to be small; a few displacements in the
red and green regions were however observed at high fields.
The low dispersion of the spectrograph in this region
precluded the detailed observation of patterns and the
very accurate measurements of disclacements. These ob-
servations served however to confirm experimentally the pre-
diction that observable effects were only to be expected in
the region from 4800 to 7000 4. A report of these experi-
ments was presented at the Toronto meeting of the Royal

Society of Canada in May, 1931,

(1)



In view of the interesting patterns observed by Dr,
Heard in the xenon spectrum,it apreared desirable to investi-
gate this region of the krypton spectrum in the hope that, |
under high dispersion)some of these small displacements
might be resolved. Since the abnormal patterns observed in
xenon are due to the wide spacing of the xenon terms, the
even wider separation of those in krypton was expected to
lead to further unusual types,

These experiments were carried out, and the observations,
and their discussion and interpretation)form the subject
matter of Section I,

The second part of this thesis comprises a report on a
new investigation of tne Stark intensities in hydrogen and
helium by the canal ray method, The explanation of the d4di-
vergent intensity measurements found for hydrogen from canal
ray tubes’and their coordination with those obtained with the
Lo Surdo method,constitutes an important outstanding problem
in Starg effect research,

»

A new type of canal ray tube has been designed which
permits operation at a far higher pressure than is usually

the case, The results obtéined with this source show a

definite qualitative departure from those previously obtained
and this departure is in the direction of a better agreement

both with theory and with the Lo Surde results.

(11)
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Section II deals with the descrigtion of the experimen-
tal methods used, and a detailed discussion of the cobservaticns

in connection with previous work in this field,

The writer wishes to express his deep indebtedness
to Dr. J. 8. Foster, not only for his suggestion ¢f these
problems, but also for his continued guidance and advice
during the progress of the work, He also wishes to thank
Dean A, S. Eve, Director of the lepartment, for his friendly
interest, Dr. H. G. I. Vatson has assisted from time to
time in the construction of apparatus.

Thanks are due to uecsrs, Pye, Taylor, Tweeddale and
amnesse of the Laboratory Staff for assistance of a technical
nature,

In conclusion, grateful acknowledgement must be made
tb the National Research Council of Cznada for the awards

of a Bursary and a Studentship during the course of the work.
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SECTION I

THE STARK EFFECT

FOR

KRYPTON



SUMMARY

(1) The stark effect for Krypton has been observed in
0
the region from 4800 to 6700 A in electric fielde up to
86 KV/cm, The spectrum was analysed by means of a 28 foot

concave grating in a stigmatic mounting,

(2) A total of 45 lines belonging to the first spectrum
of Krypton have been indentified on the plates. The great
majority of these are affected by the electric field,

(3) No combination lines were found. The absence of
such lines is, however, to be expected from the wide separa=
tion of the spectral terms, In this respect Krypton is

similar to argon,

(4) The displacements, as first observed in xenon, are
found to bear no relation to the hydrogen difference, This
was originally thought to be the basis on which Stark displace=~
ments rested, In general the displacements are clearly depen=-
dent upon the relative spacing of terme in the manner first
described by Pauli, Some marked limitations upon a complete
application of Paulil'e theory are set by our present incomplete

knowledge of the normal spectrum,

(5) The patterns observed in almost all cases are definite-

ly of the "abnormal® type, A definite pattern has been observed



for lines associated with the initial sharp series term lUs_,

(6) 1In no case does the full number of components pre-
dicted by theory appear. This is even true for strong lines
in which the existence and resolution of the sub-levels ie
known from observations on other linee with the same initial
term, The components expected may fail to appear in either
polarisation, but in certain cases are associated with a

particular initial sub~level, Possible explanations are die=

cuseed,
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INTRODUGTION

Immediately after the discovery by Stark(l) of the
effectes of a strong electric field on spectral lines, atten-
tion was drawn to the apparent wide variety in the patterns
and displacements caused by the field in hydrogen and helium
lines, In striking contrest to the Zeeman effect, the magni~
tude of the Stark effect varies greatly from atom to atom,
and even from line to line in the same series, While for
the normal Zeeman effect)calculations made on & classical
basie proved satisfactory, in the case of an electric field
claseieal atomic dynamice was shown at once to be inadeqguate,
Thus began the important role of the Stark effect in the
testing of atomic theory,

The calculation on the basie of the Bohr theory of
the Stark dieplacements in the hydrogen Balmer lines by Epsteir(x2
and Schwarzchild(3) is well known, Thie theory is adequate
in the discussion of the number of componente to be expected
in each member of the Balmer series and also givee the correct
nunerical values for the displacements, Due to the neglect

of the fine structure, however, it 1s not satisfactory as a

bagis for the explanation of the Stark patterns in general,
The clue to the discussion of Stark patterns in com-

plex spectra wae provided in an important paper by Kramers(u)

in 1320, 1In thie work the gradual transition from the complicated
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fine structure assumed to exist at very low fields to the
observed Stark effect for hydrogen is described. Electron
epin was, of course, neglected, From thies paper one may con-
clude that the Stark pattern contributed by a given fine struc-
ture line varies with the type of line,

In the definition of the states of the hydrogen atom

in low fields, Kramers uses three quantum numbers, n, n_, and

1
na. n and n, are the total and azimuthal quantum numbers
respectively, while n, determines the component of sngular
momentum about an axis parallel to the field. These quantum
numbers are subject to the restriction n 2> n; =n, 2 1,

An application of the correspondence principle yields the selec~

tion rule A n_, = 0 for components polarised parallel to the

2
field and A n, 8 t1 for the perpendicular components. As
the electric field increases, these quantum numberse become

identifiable with those of Epstein through the relation

(nl, n n3) Epstein & [(nlnna), (n-nl)g&]xramers

o?

The Btark patterns for the fine structure lines are
dependent upon the azimutbal quantum numbers of the initial
and final states and are thus constant within a given fine
structure series, An application of the selection rule for
n, then leads to the following patterns to be expected in
hydrogen.,



parallel components

- £ in the series 2,-n K = 3,4,5...
perpendicular components 3
2 " " " 2 -n  only
5 2 2
1 " " 2 -nand
T 2 1
22"‘nK K = 2,3,’4‘000
.% " " " 21-n1 only

Fig. 1 shows the origin of the observed Stark pattern
for H, according to this theory. With the scale chosen, all
the theoretically possible fine structure components at very
weak fields cannot be shown, The theoretical fine structure
triplets are shown at gero field, The S8tark components appear
in two groups corresponding to the two fine structure groups
in which they originate, The narrow lines represent components
contributed by fine structure lines emitted in a transition
to a final 21 orbit; the heavier lines those produced by transi-
tions to a final 2z orbit, 8Straight lines are used to show
the connections with the fine structure. The Stark components
are labelled with the azimuthal quantum numbers of the level
in which they originate and at the base is given the Epstein
notation for the components, The figure is not drawn to scale

and serves merely to illustrate the origin of the Stark-Epstein

components in the fine structure,



Figure 1l.

Origin of the wtark Components of EB in the Fine .

structure.

Figure 2;
(a) Hydrogen Difference Relation for Heon 44 Levels.

(b) Hydrogen Difference Relation for Argon 5d lLevelss 'n
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With the introduction of wave mechanics, the problem
has been reconsidered by Schrgdinger(52 by Schlapp(é), and
(7) |

by Rojansky ' °. Using the wave equations of Darwin and Dirac,
Schlapp has investigated the fine structure, taking into
account the effects of electron spin., Results are worked

out in detail for H and lead to an asymmetry in the dis-

O‘ b 4
Pecements at low fields which should persist into fields sus-
ceptible to observation, This effect has been verified by

(8)

McRae .

After an exhaustive study of heliunm, Foster(g) we.s
able to draw the important conclusion that the patterns dis~
cussed above for the Balmer lines of hydrogen could be carried
over into the parhelium and orthohelium spectra if it be
assumed that the fingl levels are unresolved,

In the case of parhelium this is to be expected by
anglogy with the normal Zeeman effect, since electron spin
does not enter into this spectrum, The m values of the
perturbed levele are given by the resolved parts of the vector
{ (in this case equal to j) in the direction of the field,
The restriction to be imposed on the m values isd2>m 2= o.
This is precisely analogous to the normal Zeeman effect since
the electric field does not distinguish between positive and
negative m values, The selection rule isA m® 0, ¥ 1

for parallel and perpendicular components respectively., On

this basis a complete explanation of the observed patterns
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wag obtained, 1In view of the close analogy with the Zeeman
effect these have been termed by Foster '"normal" patterns.
For orthohelium, however, one might expect compli-
cations arising from the electron spin., This was found not
to be the case, The explanation of this is given by assuming

that the perturbed levels are specified by m_ and m values

4
corresponding to the resolved parts of the vectors { and s
along the field, A m =0, * 1 as is the case in parhelium,
while A m, = O in all transitions. This is analogous to
high field conditions in the Zeeman effect.

If we pass from helium to other complex spectra, we
find that in most cases the patterns obtained may be discussed
in the same way. OComplete data are only available in the
rere gases which, for obvious experimental reasons, a re particu-
larly suited for 8tark effect observations, A complete analy-
s8is of neon has been carried out by Foster and Rowlee(lo).
With few exceptions it was found that electron spin 4id not
enter into the specification of the patterns, but that they
were determined by m ¢ values in the manner described. This
may be interpreted as meaning that the ! s coupling was
broken down by the field, A few exceptions were noted, however,
in diffuse terms with j = 1. 1In these cases, the absence of

e component arising from the transition m = 2 to m 3 1 suggested

that in these casee the £ s coupling was retained and that
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the m values were specified by the resolved part of j along
the field., These may be termed "abnormal® patterns,

Conclusive evidence of the existence of these abnormal
patterns has recently been furnished by the work of Harkness
and Heard on xenon(ll). The wide separation of the multiplet
terms might lead one to expect the appearance of patterns of
this kind, Under the high dispersion employed, a large number
of patterns were completely resolved; the majority of these
proved to be of the abnormal type, The importance of this
spectrum lies in the fact that both types of pattern were
definitely obeerved., Thus the xenon spectrum affords a decisive
test for any theory regarding the origin of Stark patterns,

Investigations in the spectra of the alkall metals
had earlier afforded evidence of the existence of abnormal
patterns for certain lines, The sodium D lines, for example,
were investigated in absorption (inverse Stark effect) by

(12). The results indicated that abnormal patterns

Ladenburg
were present., Investigations by Grotrian and Ramsauef(IB) upon
certain principal series lines of potassium yield further
examples of abnormel patterns.

Other complex spectra which have been falrly completely
(1k4) (15)

examined are argon and mercury . In neither case was

definite evidence as to pattérns obtained,
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An attempt has been made by Ladenburg(le) to explain
the appearance of these two pattern types by means of a quite
complete analogy with the Zeeman effect. Defining "weak" and
"strong" fields precisely as in the case for magnetic fields,
he suggésts that for weak fields m values are determined by
J values, while for strong fields they are determined by Z
values. Thus we have an electrical analogue of the Paschen-
Back effect, XNo such transition from abnormal to normal pat~

terns has as yet been obtained.

Passing from a consideration of Stark patterns to
the problem of the magnitude of the displacements, we find two

me.in theories holding the field - a formule derived by Pau11(17)

from the dispersion theory of Kramers-Heisenberg, and the hydro-
gen difference rule first proposed by Bohr(ls). We will dis~
cuss first the Bobr theory which, however, is strongly contra-
dicted by recent experimental evidence, To be explicit, helium
may be considered as a typical complex spectrum and compared
with the simple Bohr hydrogen atom,

It ie well known that to each simple hydrogen term
there corresponds a group of helium sub-levels. These sub=~
levels are, on the Bohr theory, associated with orbits of the

series electron which are almost Keplerian in character save
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for a small portion which lies close to the nucleus, Moreoever
this nuclear distance is least for the orbits of greatest
eccentricity and these orbits are those of least angular momen-
tum, The change in the central field which causes the helium
orbits to depart from those of hydrogen produces the greatest
effect on those orbite which approach closest to the nucleus,
This effect consists in the superposition of a rotation of
the whole orbit in its plane upon the electron motion., 8ince
the hydrogen difference, the difference in value between the
term in question and the hydrogen term of the same principal
quantum number, is a measure of the nearest approach of the
electron orbit to the nucleus, we see that in the hydrogen
difference we have a measure of the speed of rotation of the
orbit in its plane, These hydrogen differences are greatest
for the sharp terms (4= 6 ) and decrease as we pass to the
pPrincipal, diffuse, ---- terms with £ values, 1,2--~--~ .
Considering the position of an electron in an elliptical
orbit, we readily see that under the influence of an external
electric field the time mean position will be displaced an
amount proportional to the applied field., Moreover, the faster
the rotation of the orbit, the less will be this displacement,
The potential energy of the electron with reference to the
external field is given by the product of field into displace-

ment, Thus we see from the Bohr frequency relation that the
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effect of the electric field is to produce, in the case of

a rotating orbit, a displacement proportional to the square
of the field, If, bowever, the orbit revolves slowly, or not
at all,as is the case in the simple hydrogen orbit, then the
electric centre may be displaced an amount which may increase
over many revolutions of the electron in its orbit, and a
large displacement may result which will be limited not by
the field strength, but by other considerations, Thus Stark
displacements in hydrogen are proportional to the field, while
those in helium depend on the square of the field, in accord-
ance with experiment at low fields,

Summing up the results of the previous discussion, we
should expect that in the case of a complex spectrum, Stark
displacements should be proportional to the square of the
field, and that there should exist some connection between the
displacement of a group of terms and their hydrogen differences,

The Pauli formula takes its departure from the dis-
persion theory developed by Kramers and Heisenberg immediately
before the advent of gquantum mechanics, The results of this
theory are in agreement with those obtainable from matrix
mechanics 19 . The digpersion theory considers the frequencies
and intensities of the linees emitted from stome when perturbed
by the alternating electromagnetic field of an incident light

wave, Allowing the frequency of the light to decrease to
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zero, Pauli developed a formula which should describe the
energy changes due to a weak electrostatic field, The analy-
sis shows that the displacement of an energy level in an
electric field depends upon its separation from certain other
levels, and upon the transition probabilities between these
levels and the given level, To a first approximation it is
only necessary to consider levels related to the given level
(n, £, j,m)by Afd= 1, A j=0,+4 and A m=0,
In this case the Pauli formula runs:

)

(1)
A E”;”‘)‘eui =4 Ew,M,?,J L AEn,m'l,j
I &, o, €31, 031"
where A E(:) , - ";.LF:TlH [ nwmlr, ) —>n,m {5
™™ 5 Nm by g '
e AAYY BadRCR RSV
2
~ | d*n,‘m, 4 d —>n,m)l-/,J',J
V"‘;"”) !)J. ~> 2, m, «’-/,J'
and (2)
AE L@
"’M)J)J
. . r 2
LFl-Lb L Z I*h’m"(,/,» ”'ml'[ld“
-3 A —_—

nom, O's !glj J'= 4,41 .
MLt nom 4

- Z, “*h’m’é;‘j '>”$"’)*":J,IL.]

ne 7 e':!t‘)J’:J‘Ji‘ V"; L =, m, 4’



Until very recently the Bohr hydrogen difference rule
has been accepted as the criterion for the magnitude of Stark
displacements, The data in its support has been well organised
by Stark(zo). The strongest evidence in its favour is pro-
vided by the experiments in neon and argon., In Fig, 2 are
shown plots of the displacements of the d 1levels against
hydrogen differences for these gases, In the case of neon
the 4d 1levels are plotted, for argon the 54 levels. As is
readily seen the points lie reasonably well along a straight
line, These curves are taken from the papers of Foster and
Rowles, and of Ryde.

The more recent work on xenon, however, has shown this
to be definitely incorrect, For this spectrum no direct
connection between displacements and hydrogen differences is
to be observed. The agreement in the other cases must be
assigned to a fortuitous grouping of the term values about

the hydrogen terms.

While a detailed discussion of the experimental re-
sulte obtained for Krypton will be given later, a brief sum-~
mary showing their bearing on the foregoing would not seem
out of place,

In general it may be said that for Krypton the effect

followe the trend expected in view of its spectral position
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among the rare gases, Thus while neon, with its very close
term grouping, is characterised by normal patterns, large
displacements and numerous combination lines, argon, which
has the most random term distribution among the rare gases,
shows small displacements, no combination lines and no patterns,
(The absence of observed patterns is probably due to the low
dispersion employed by Ryde)., In the intermediate positions
we find'fgnon and Erypton, of which xenon the more nearly re-
sembles neon, As a result of the wider spacing of the term
values, xenon shows both normal and abnormal patterns, the
latter being greatly in the majority. Displacements are
still large, but combination lines are not numerous, Krypton,
which is intermediate in position between xenon and argon,
shows abnormal patterne, small displacements and no combination
lines appear, The remaining gas, radon, might be expected
from ite spectrup to return to the neon type. 8Since the Stark
effect for helium is completely known theoretically, it is
not discussed here,

While the Krypton 8tark effect is generally of the

type expected, yet some interesting features are found. As
a result of the small displacements, clearly resolved patterns
are few; when they appear, however, they are of the abnormal
type. The full number of components expected from the selec~

tion rule for m never appear, even when it is known from
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other lines with the same initial level that the sub-~levels are
present and resolved, Whether this is due to a very unusual
intensity distribution among the components, or to the opera-
tion of an unknown selection principle remains uncertain,

With regard to the magnitude of the displacements,
Krypton furnishes another example of the failure of the hydro-
gen difference rule, This is to be expected in consequence of
the observations in xenon. Their explanation on the basis of
the Pauli principle seems satisfactory, but due to our in-
complete knowledge of the normal spectrum a complete appli-
cation is impossible, It is difficult to reconcile this obser-
vation with Rydets results for argon in which an excellent

agreement with the hydrogen difference rule was found (cf Fig.2)

The First Spectrum of Krypton

The first spectrum of Krypton has been analysed by

Meggers, de Bruin and Humphreys and in a later paper revised

and extended by the same authors(al).

In the unexcited state the atomic configuration of
neutral Krypton has a closed shell with two Us and six 4p

(22)
electrons (hsz #pé). According to Humd's theory the

normal state is a singlet 180. The terms which represent the
excited states of the atom result from the interaction of the

series electron with the electron group 32p5 which is characteristik
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of the unexcited state of the ion Kr?' The term arising
from this configuration is an inverted 2P2’1.' These levels
have a separation of 5371 cm.m1 We may therefore derive
the terms representing the excited states of the neutral atom
by finding the resultant obtained by adding in turn the elec-
trons ns, np, nd, etc. to the term 2P.

The notation introduced by Paschen in his analysis
of neon and retained by other workers in the rare gases will
be used in this discussion, A translation into the quantum

notation is included,

The Krypton terms, with their coordination to the

2

limite P together with their quantum notation, are pre-

2,1’
sented in Table I,
In addition we have the three f terms observed,

X (1), Y (2), Z (2) with the innter quantum numbers indicated.
The addition of an f electron to the (saps) configuration

of Krypton gives rise to the term group.

1. 1. 1 3
D2’ F}’ Gh’ 3D1,2a3 ’ 3F2’3’u ’ G3’u,5'

Thus nine f terms have not been identified as yet.

In the following, inner quantum numbers of terms of even

multiplicity are increased by one-half,
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An examination of the list of observed terme shows
that many of the terms converging to the 2P1 limit bhave not
been discovered, In cases where they are known, it is usually
only for a very few values of the running number, Thie is
true, for example, of p, = py, the s, -8, , and all the
f +terms converging to this limit, The absence of these terme
renders a detailed application of the Pauli principle unsat-
isfactory in this spectrum,

If the list of the Krl lines published by Meggers
and his co-workere is considered with a view to possible Stark
displacements, it is noticed that the number of lines of a
reasonable intensity likely to be characterised by observable
displacements is very limited. This is in strong contrast
to neon and xenon where the diffuse and fundamental series
are strong, In Krypton the diffuse series lines, though
numerous, are in general faint for satisfactory observation,
The lines having the 44 levels as initial states lie in the
infra red in the region 7700-€700 A, Experiments carried out
by Dr, Heard on xenon showed the very great difficulty of
working with a Lo Surdo source in this region even with the
greatly improved plates recently developed at the Eastman

Kodek Laboratories, Moreover, the displacements might be

expected to be very small, The latter point is borne out
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by the present investigation in which even the 5d levels,
for whiech the displacements should be comparatively large, are
little affected.

The only region which appears reasonably suitable for
investigation lies between 4800-6600 A, In this wavelength
range lie all the diffuse series lines which appear accessible

to observation, These lines have their origin in the 5,6 and 74

levels,
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EXPERIMENTAL

The Vacuum System

The Krypton usged in these experiments was obtained from
the Airco Company of New York, The gas was very pure, It was
eupplied in a flask containing approximately 250 cc. and was
subdivided into glass capsules containing about 10 cc, at 15 cm,
pressure, One of these containers was sealed on to the vacuum
system)and the gas admitted to the storage vessel by breaking
a fragile tip on the container with a magnetic hammer,

The vacuum system is shown diagrammatically in Fig, 3
(@). It wase built by Dr, J, F, Heard in connection with his
work in xenon and was adopted to its present purpose by the
writer. The Krypton wee stored in the reservoir Kr, and was
admitted to the discharge tube section through the taps T3 and
To., The quantity admitted was controlled by means of the
combined manometer and transfer pump P, A helium reservoir,
He, also connected to this manometer through a tap Ty. Pres-
suree were measured with the McLeod gauge M, and the system
was evacuated through H by means of a "Hy-Vac" pump. A char-
coal bulb C was used to purify the helium and to clean up any
residual gas left by the pump, A tap TYh served to disconnect
this charcoal bulb when desired. The discharge tube D was
connected to the vacuum system by means of two ground glaes

jointe in order to facilitate the adjustment of the light on



{a)

(b)

Figure .

The Vacuum system.
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the slit of the spectrograph, Pyrex glass was used throughout,

The Discharge Tube

The discharge tube is shown at D in Fig, 3 (&), and
an enlarged cathode section in Fig. 3 (b). It was of the
general Lo Surdo type es modified by Foster(9> and commonly
uged in thie Laboratory. Essentially it consisted of 250 cc,
Pyrex bulb into which a heavy c¢ylindrical aluminium anode
was fitted through a large ground joint, The anode could thus
be eaegily removed for cleaning, From opposite sides of the
bulb tubes led to the cathode section and the vacuum system,

The details of the cathode section are shown in Fig,
3 (b). The cethode was contained within a lavite cylinder on
to which the glass tube was tightly drawn. The aluminium
cathode was of 2 mm, diameter and fitted snugly into a hole in
the lavite, Immediately above the cathode surface a hole of
1 mm, diameter continued through the lavite to the side toe
ward the anode, The cathode was backed a fraction of a mm,
away from the shoulder in the lavite formed at the junction
of the two holes, A narrow slit of about 3 mm, length was
cut through the lavite wall immediately in front of the cathode,
The light from the Crooket!s dark space emerged through this
slit,



- 22 -

The cathode was clamped into a brass collar by means
of » set screw, and the latter was held firmly in place against
the base of the lavite with a steel spring and an aluminium
rod, The cathode connection was made with a heavy tungsten
wire sealed into the Pyrex tube, The cathode surface was
polished as carefully as possible and cleaned with alcohol
before assembly,

The discharge tube was cooled by means of a blast

of compressed air,

The Optical System

The spectrum was analysed with a 28 foot concave
grating in a stigmatic mounting, The grating contains approxi-
mately 15,000 lines to the inch and is exceptionally fast in
the first order, a factor of the greatest importance for Stark
effect work, The dispereion in the region considered is
3.8 A/mm,

The light from the discharge tube was forussed on the
slit by means of an F 2,7 Zeisse Tessar lens of 5 ¢m, focus,

A quartz Wollaston prism was used to separate the components
polarised parallel and perpendicular to the field., The megnifi-
cation on the slit was about two,

The photographic plates used in the region 6600-5800 A

were Wratten Hypersensitive Panchromatic Plates, while for the
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region 5800-4800 A, Wratten Panchromatic Plates proved the most
satisfactory, All plates were sensitised before use by bathing

in a W4 ammonia solution for 45 seconds,

The High Potential Source

The high potential source used in these experiments
was & split transformer Kenotron rectifier which has been describec
elsewhere(9), It is capable of delivering a maximum current of
100 m,a, at 10,000 volts,

A water resistance was connected in seriee with the
discharge tube to steady the current, The potential acrosgs the
tube was measured with an electrostatic voltmeter and was kept
constant during an exposure by varying a resistance in series

with the primary of the high voltage transforpger,

Experimental Procedure.

During the evacuation of the vacuum system, the lavite
cylinder containing the cathode was roasted thoroughly with an
air-gas flame., This tended to drive out any adsorbed gases,

Helium was then admitted to a pressure of about 1,5 mm,
and purified by means of the charcoal and liquid air., After
about twenty minutes the high potential source was turned on,

At this stage the tube would usually run fairly hard (about
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2 m,a, at &,000 volts), but it would rapidly soften due to the
emission of gas from the electrodes and lavite as & result of
the bombardment, After half an hour the tube would again
harden up, and an hour?s run would usually suffice to restore
the original conditions, No attempt was made to force up the
potential during this running in period, During this stage
the light was focussed on the slit of the spectrograph and the
Wollaston prism adjusted.

The vacuum system was then pumped out to a pressure
of from 0,5 to 0,9 mm, The Krypton was never used pure, but
always in admixture with helium, The charcoal bulb was then
disconnected, and Krypton admitted until the pressure reached
a value of from 1,2 to 1,5 mm, The actual pressure used varied
from tube to tube and was adjusted until the operation proved
satisfactory. Under these conditions the terminal voltage
was commonly 10,000 volts and the current about 1 m,a,

The exposure was then started, The voltage across
the tube was maintained at a constant value, During the
course of a run, the tube would gradually soften until the
current reached a maximum of about 2,5 m.,a. When the current
reached this value, the tube would usually break down, the
current increasing to 10 m.,a, or more and the voltage dropping
to a few thousand volts, This occurred in general after from

two to seven hours, This break down may be attributed to the
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heavy sputtering of the cathode under the bombardment of the
heavy Krypton ions, After an average exposure a pit of from
2 to 3 mm, in depth was formed in the cathode,

In general it may be said that the operation of a
Lo Surdo tube in a heavy gas such as Krypton is not so satis-
factory as in a light gas such as hydrogen or helium, The dis-
charge is usually somewhat unstable, and the life of the tube
a great deal shorter, 8ince in Stark effect work, especially
in Krypton, it is necessary to work with faint lines and in-
strumente of high dispersion, satisfactory photographs are
quite hard to obtain., It is, in fact, necessary to work with

a fairly wide slit, with & corresponding loss in resolving

power and accuracy of measurement,
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EXPERIMENTAL RESULTS AND DISCUSSION

Degcription of Plates la, b, c, d,

In Plates la, b, c, d, are reproduced sections of
photographs showing the Stark effect for Krypton in the region
6700-4800 A, The enlargement from the original plates is
approximately 2,5:1.

The maximum field strength in Plates 1p,c,d is
g4 XV/cm, The additional reproduction in 1d without double
image prism analysis shows a maximum field of 86 KV/cm, These
field strengths were calculated from the splitting measured
in Hy .

In Plate la, the maximum field is 61 KV/cm, as deter-
mined from the helium group 2P -~ 4@ ( A 4922) which does not
gappear in the section reproduced, The other sections of this
plate are not included since no Krypton lines appear,

In each case the parallel components are to the right,
the perpendicular to the left, The additional photograph
in 14 is introduced since it shows a number of lines in this
region with somewhat greater intensity,

The neutral Krypton lines are identified with their
wavelengths and combinations, while Krypton spark lines are
shown with their wavelengths only, A number of foreign lines

(mercury and helium) are identified with their wavelengths,
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The exceptional strength of the mercury lines is very notice=~
able,

The measurements discussed in the following sections
are based upon these plates, with reference to others to
clear up doubtful points as to the number of components, pat-

terns, etc,

Absence of Combination Lines

It was pointed out in the Introduction that the field
strength at which a combination line first appears is dependent
on the separation between its initial level and the neighbour-
ing 4 level, 1In view of the wide spacing of the Krypton term
values, combination lines are not expected to appear except
at very high fields, A rough estimate of the field strength
necessary may be made by assuming it to be proportional to
the separation of the f =and 4 1levels. 1In neon it was
found that a field of 60 KV/cm. was necessary to bring out a
combination line whose initial level was separated approxi-

mately 50 em. "t

from the neighbouring d level, 8ince the
separation in Krypton for all the lines observed is greater
than 100 cm."l, considerably higher fields than those attained
would be necessary to bring out the combination lines,

A complete lack of combination lines has also been

(1%)

reported by Ryde for argon . Bince the Krypton and argon
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epectra are very similar, this may be attributed to the same
cause., In xenon, where the terms are somewhat less widely
gpaced than in argon and Krypton, an intermediate condition was
found in which the number of combinations appearing was small

compared with that in neon and other more compact spectra,

Discussion of Observed Patterns.

It has been noted that the wide spacing of the xenon
terms had proved favourable for the production of abnormal
patterns, For these the perturbed levels are specified by
values which are derived from the jJ values of the term in
question with the restriction j 2 m 2 O, The far more
open spacing of the Krypton spectrum might be expected to
yield further examples of unusual patterns, This has proved
to be the case,

It has not been found possible to describe the patterns
observed in Krypton in an entirely satisfactory manner as
either normal or abnormel, As a general conclusion, however,
it may be said that the perturbed levels are specified by
rather than by £ values.

Due to the small magnitude of the displacements
(particularly among the 5d terms) examples of patterns for which
the analysis appeare complete are comparatively scarce., Neverthe-

less, the examples available show that complications of
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conelderable interest are present, These difficulties may be
best illustrated by the following examples,

The term 6d3 (j 5 2) figures as initial level in two
observed lines 2p,, = 6d3 and 2p, - 6d3. The Jj value of
2p10 is 1, and hence we should expect that the observed pattern,
whether normal or abnormal, should be 2/3 (two parallel and
three perpendicular components). The closest examination of
the line (Plate 1 a) fails, however, to reveal a trace of one
of the expected perpendicular components, Since the s com-~
ponent associated with the initial level with m = O is frequently
weak in comparison with the others (compare parhelium% this is
not very surprising, although its complete absence is etriking
on account of the strength of the other two components, Com~
paring this pattern with that of 2p6 - 6d3 (Plate 1 ¢) we find,
however, & more important departure from the pattern expected,
Assuming the m values of the final state are specified by
j (in this case equal to 2) we should expect a 3/3 pattern,

The correct number of 8 components appear, but the initial
sub-~level corresponding to the missing e component of

2p10 - 6d3 now fails to contribute a p component., The pro-
visional assignment of the value m 5 O to this level thus
leads to difficulties, since the O —=> O transition ususlly
yields a component of average intensity. The perturbed levels
corresponding to these lines (not drawn to scale) are shown

in Fig, 4 a; the missing components are shown by broken lines,



figure 4.
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Another incomplete pattern is found in 2p; =~ 6d{
(Aj:3+2). 1In this case, in place of the expected 2/3
or 3/4 for a normal or abnormsl pattern respectively, we find
the pattern 2/1. (See Plate 1 c).

An interesting example of the same phenomenon occurs
in connection with the sharp series lines associated with #85
(j = 2) as initial state. This level has been obeerved in
combination with 2p, (1), epg (2), 2Pg (3) and 2pyg (1) with
J values as indicated, A consideration of the displacements
of these lines indicates the presence of three perturbed levels
with eeparations t4,0, +4.& and +5.7 co™L from the initial
level in a2 field of &4 XV/cm, Thus for 455 the m values are
2,1,0 corresponding to an abnormal pattern, The expected ab-

normal patterns of 2p, = bs_ may be tabulated in comparison

5

with thoee observed as follows:

Expected Obsgerved Reference
2p7 2/3 2 componente® Plate 1 d
2pg 3/3 1/1 " 1l
2P9 3/3 2/2 o 1e
2P10 2/3 1/1 H  1b

observed without Wollaston prism

It should be pointed out that 2p7 - hsE and 2py - hsS are both

faint, and the non-existence of other components is not certain,
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The other two lines, however, are quite strong, The possibility
of the double character of both polarisations of 2pg - hss
arising from unsteady fields or a foreign line is ruled out by
& comparison with other plates,

!
The patterns afforded by the lines 2p_, - 6dy and

2p9 - 7d,+’ (Aj: 4 ©3) ghow the nearest a.pprchh to those ex-
pected, (See Plates 1 d and 1 b). The observed pattern, 3/4
in both cases, makes it certain that the patterns are abnormal,
The pattern to be expected is thus 4/5. The observations can
be explained by assuming that two of the levels {(probably
m=0and m 2 1) are unresolved, On this basis, the origin

of the observed pattern is as shown in Fig. 4 b,

A considerastion of the observed patterns shows, then,
that many of the components expected to appear have a very low,
if not vanishing, intensity, The existence and resoclution of
the levels in which these componente should originate more-
over ie definitely established in some cases. (Thie is clear,
for example, in the 2p ., = 6d3 and 2p; - 6d3 lines discussed
above).

A somewhat similar phenomenon has been observed for
neon(10), A number of lines exhibited a simpler pattern than

the 2/3 normal pattern which predominated. The 2 component

in the 8 polarisation was missing, and this, in the standard
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case, was the strongest component in the pattern., An addi~-
tional feature noticed was that the intensity of the perpendicu-
lar component was much grester then that of the parallel, This
does not appear to hold in the present case. A typical example
of such a neon line is 2p9 - 5d; (A j: 3 > 3),

In a consideration of poseible explanations of these
effects, the poeeibility of an addition to, or moé&ification of,
the existing selection rules must be considered., For example,
it was noticed by Foster and Rowles that in the case of neon
& normal pattern resulted when A ¢ =2 j = 21, That such
is not the case for Krypton is shown by the line 2p6 - 6d: .

An empirical rule to cover the present observations must be

of a definitely more complicated character, It does not seen
possible tc arrive at such a selection principle, if one exists,
from the rather limited experimental data aveilable, A de~
tailed investigation of the argon spectrum, which showe many
similarities with that of Krypton)should introduce fresh ex-
perimental evidence, The spectrograph used by Ryde in his
recent investigations proved inadequate to resolve the patterns,

The absence of the parallel component ( Am : O — 0)
in 2p; = 6c3.3 (A j ¢ 2~ 2) suggests the operation of the
Zeeman effect selection rule which forbids this transition,

In fact, the following considerations might lead one to expect

that an estimate of the SBtark intensities for Krypton might be
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made from the well-known Zeeman effect intensity formulae,
With the spplication of a very weak electric field,
the Stark components are emitted with relative intensities
which are given by the Zeeman intensity formulae, 8ince the
electric field does not distinguish between positive and nega~
tive m wvalues, it is necessary to multiply the Zeeman inten-
sity factors by 2 except when A m = 0, As the electric field
increases, combination lines appear and the components of the
original line share their intensities with these new lines
and components, The mechanism of this modification ie clearly
illustrated in the calculation of the relative intensities in
the helium Stark effeot(23). In these calculatione the Zeeman
effect formulae are multiplied by factore which are functions
of the field strength and the displacement of the component
considered, As the field approaches zero, these factcrs tend
to unity, In the case of Krypton, it is found that the combi-
nation lines do not appear at field strength up to &0 KV/cm,
Hence, we may suppose that the Zeeman intensities persist
without radical alteration to these fielde, Accordingly the
intensities have been calculated for a number of typical lines
from the formulae developed by Kronig and Goudsmit(zu) with
the modification indicated above, With the exception of the

2pg - 6d3 line, the values obtained do not explain the obser~

vations,
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A direct observation of Zeemen intensities for neutral
Krypton, however, to see whether these Stark effect intensity
anomalies also occur in the Zeeman effect might prove interest-
ing,

In addition to these intensity effects in comple%ely
resolved patterns, & number of diffuse series lines show &
simple displacement of quite large magnitude, Among these are
those with initial levels 64, , 6d{’ and 5d, with j values
1, 3 and 2 respectively, It is uncertain whether in these
cases the sub-levels are unresolved, or whether the components
arieing from some of them are not observed as is the case in
the preceding examples, In this connection it may be signifi-
cant that in many caseg the p and s components do not have
exactly the Bame displacement, Moreover, displacements of this
magnitude without resolution of the sub~levels are unusual,

The majority of the displacements reported by Ryde for argon
appear to be of this character, as may also be the case for

those neon displacemente discussed previously, The peculiar

polarisation effect, however, found in neon was not observed

in Krypton,

Tables of Displacements

In Table I1 is presented the displacementes of the
Krypton lines observed, together with remarks as to the type

of pattern when this can be deduced,
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Table III containg a few additional linee from the

plate without double image prism analyeis reproduced on Plate 1d.

Displacements of Individual Terms

A consideration of the data presented in Tables II
and III showe no definite evidence of the displacements of
final levels, Thie is in accordance with direct observation
upon & number of principal series lines of the type lsi - 2pj,
and with the results on the other rare gases,

Accordingly Table 1V has been prepared on the assumption
that the final state contributes nothing to the observed dis-
placement of & line., The assignment of m values to the dis-
placements is rather arbitrary except in the case of the odd
perpendicular component to which must be assigned the highest m
value, The hydrogen difference of each of the observed terms

has also been tabulated.
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Magnitudes of Term Displacements

A comparison of the measured displacements of Table IV
with the hydrogen differences of the terms fails to show any
systematic connection between the two, The comparison may
best be made for the 64 levels. While it is true that the
largest displacements are found in the terms of smallest hydro-
gen difference, yet, especially for large values of the differ-
ences, the displacements are most irregular. A far greater
accord with this theory is, however, shown in Krypton than in
xenon, In the latter case it was found that the displacements
increased with the hydrogen differences, While the departure
from the results of the hydrogen difference theory is greater
for xenon than for Krypton. nevertheless it is not possible
to fit the observed displacements on a smooth curve when plotted
against the hydrogen difference,

A detailed application of the Psuli principle to the
Krypton spectrum is impeded as a result of our incomplete
knowledge of the normal spectrum. 1In particular, we have very
little information about the terms arising from the configura-

tion in which the case has a j value of 1/2. These are the

2Pl. Moreover, only

three of the twelve terms have been identified, These are

terms which converge to the upper limit
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believed to be among those which converge to 2P2.

It is important to consider whether we can deduce any-
thing about the probable position of these missing terms, With
regard to the p terms, Py, Po, p3 s Pl it may be said with some
confidence that they lie much higher in the energy diagram than

1

the known terms, The missing &) - 8, terms are certain to
lie well away from the initial levels we are considering,
since the hs{wterms are higher than the 6d levels. The f
terms, on the other hand, are likely to be irregular in their
order, but it may be assumed that the grouping among them will
be closer than that among the d terms., The greatest uncertain-
ty rests in the position of th;fn; terms converging to 2P.

No probable location for them can be deduced and so they must
remain an unknown factor, It is to be expected, however, that
two of them will be quite close to one another, the other
widely separated,

Despite this uncertainty in the normal spectrum, the
application of the Pauli theory proves satisfactory. For the
5d terms no trouble whatever is found, All of these terms are
displaced to the red, with the exception of the two lowest
terms, which are undisplaced, and the higher the term lies in
the energy diagram the greater the displacement, These obser-

vations are to be expected as a result of the position of the

5 X, Y, Z and 3p2, 3p3, 394 terms above the 5d levels,
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In the case of the 6d levels similar arguments hold
for most of the displacements, Small negative displacements for
the lower terme may be ascribed to the presence of the 5p levels,
while the greater positive displacements of the uppermost terms
may be explained as due to the, X, Y, 2 terms, Sowe uncertainty
remaing as to the large displacements of the 6du and 6d£ terms
which lie in the centre of the group. These displacements may
be accounted for if we assume that an unknown f term with
j = 5 lies between them, It must be admitted, however, that
unless this term lies in the lower part of the group, this
position implies a wider spacing between the 6 f terms than
was expected,

Thus it appears that, while the hydrogen difference
rule fails to indicate the magnitude of the observed displace-~
ments, thie is possible on the Pauli theory with only one

assumption as to the position of an unidentified term,

Lines of Ionised Krypton

A number of lines have been identified as belonging
to the ion Kr*¥. Some of these have been marked on Plate 1.
These lines may usually be recognised due to their enhancement
at high fields,

None of these lines show a displacement due to the

field.,
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Plate 1 (a).

Field strength 61 KV/cme
Region 5450 - 5725 A.
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flate i:(b).

Iield strength 84 KV/cm.

Region 5750 = 6000 A,
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Plate 1 (e).

Field strength 84 XV/cm.

Region 6000 - 6300 L.
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Plate 1 (d)o

Field Strengths (1) 84 KV/cm.
(2) 86 XV/cm.

cegion 6330 -~ 6600 A.
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SECTICN I1

STARK INTENSITIES IN HYDROGEN

_AND HELIUM




SUMMARY

1) A new type canal ray tube is described which may
be operated at gas pressures as high ae one~half mm, Thie
tube is applied to the measurement of the relative intensities
of the Stark componente in hydrogen and helium. The electric
fields obtained vary between 90 and 130 K.V. per cm,

2) Resulte obtained for H 5 show qualitatively that
agreement with theory is obtained for both polariseations,
This is in contradiction to the findings of former workers at

lower gas pressures,

3) A comparison of photographs of H a taken from pure
hydrogen and from a helium hydrogen mixture show no marked

change in the intensity distribution,

4) 1In the case of helium also, & general qualitative

agreement with theory is obtained,



INTRODUCTION

Since the discovery by stark(l) in 1913 of the effecte
of an intenee electric field on the light emitted by atoms,
the problem of the relative intensities of the components in
the various Stark patterne has been one of conegiderable theo-
reticel and experimental interest, Just as one of the major
triumphs of the quantum theory of Bohr was the calculation of
the Stark displacemente in hydrogen by Epstein(a) and
Schwarzchild(3), s0 a notable achievement of the new mechanics
was the calculation of the relative intensities of 8tark com=

(4)’ and in helium by Foster(S).

ponents in hydrogen by Schrgdinger
The publication of these results greatly reduced the divergence
which had pieviouely existed between theory and observation,
The reletive intensgities of Stark components, however, are known
to depend upon experimental conditions which introduce factors
not considered in the theory, This is especially true in
the cese of hydrogen., No full explanation has been offered
for the many variations from the Schradinger theory.

In the present inveetigation, fresh experimental evi-
dence has been introduced through the use of a new canal ray
tube which will operste at gas pressures as high as one~half mm,

Thus the two main sources used in the study of the Stark

effect have been made to overlap in the important matter of



g&E pressure, The resulting plates are clear and final,
though results are only quoted qualitatively, The quantita-
tive findings will be included in the published report after
the completion of the calibration of the intensity marker,
The two principal methods which have been used in
Stark effect research are the canal ray method of Stark, with
which the German school have worked with great success, and
that firet employed by Lo Surdo(6) which up to the present
haes alone been used by Foster and his co-workers at McGill
University, While the intensity measuremente carried out
in this Laboratory by the Lo Surdo method show on the whole
an excellent agreement with theory, those obtained in Germany
with the cenal ray wmethod show very definite divergencies
under certain experimental conditions, One of the major
differences between the two wethods lies in the wide differ-
ence in the gas pressures employed. These sre from one to
five mm, of mercury in the Lo Surdo source, as contrasted
with few hundredihs of a ma., in & cansl ray tube, In addition
to this difference)in the canal ray method., we find super-
impoeed upon the Btark intensities all the varied intensity
and polarisation phenomena known to be associated with the
properties of canal ray beams., Neverthelese, since canal
ray intensities have lLeen observed to vary radicaily with the

preesure in the field space(Y), and the general dependence of
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spectral intensities upon the presgsure is notorious, it seemed
to the writer important to investigate the persistence of the
caneal ray phenomena at considerably higher pressures,

In coneidering the theoretical intensities, it must
be borne in mind that the quantities actually calculated are
the transition probabilitiee r¢tween the levels concerned in
a uniform electrostatic field. 1If we take these as proportion-
al to the inteneities of the Stark components, severel important
assumptions are implicitly made, For example, we assume that
the number of atoms in each of the initial states is the same,
This is & factor which is known to be variable with the experi-

(8)

mentel conditions (e.g. the work of Gaviola in mercury '),

and indeed a2 concentration of atoms in the initisl states con-

—~

)

cerned has been ascumed by Lengsetroth o explain the excescsive
strength of the P-P and p-p coaxtination lines in the heliunm

gterk effect, Another factor which might be considered is the
presence, under actual experimental conditions, of other per-
turbing forces than the uniform field consider<d in the theory,
In view of the close theoreticel connection betweén intensities
and dieplacements, however, thece might be expected to manifest
themselves in variatione in the displacements as well asg in

the transition probabilities, No such variaticn has been
reported, An attempt may be made to explain the observed

anomalics in Stark inten-ities by a variation in the excitation
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function to the variouve initial levels, In this case the
perturbatione caused by a charnge in experimental conditions
might be out-weighed by those due to neighbouring astoms as

& result of an increase in the pressure, It must be admitted,
however, that such sn explanation does not appear entirely

satisfactory.

In considering the experimental intensities in detail,
it is perhaps more convenient to depart from the historical
sequence and to deal first with those obtained with the Lo Surdo
method,

The most complete investigation of intensities in
hydrogen has been carried out by Foeter and Chalk(lo). With
minor exceptions an excellent egreement with Schrddingerts
theoretical reeuliis wes obtained, It should be noted that in
these investigetions the hydrogen was never used pure, but
always in admixture with neon or helium, The lines investigated

wee HA ’ Hp , H, and a few comwponents of H ¢ .

r

In his experiments on the asymmetry in the displace~

ments of H, which arise in the fine structure, McRae(ll)

noticed
certein interesting features regarding the intensities, If pure
hydrogen was used a decided intensity asymmetry was observed;
thie decrcaeed with a reduction of the gas pressure used in

the discharge tube, and disappeared if the hydrogen was mixed

with a rare gas, Thie asymmeiry consisted essentially in the
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fact that the ratios ”11}1 and .+3/-3 were both greater than
one, §8ince +1 and +3 have a ccmmon initial level, as do -1
and -3, this cannot be explained by assuming a concentration

of atoms in a favoured initial state. No satisfactory explana=
tion for these results has been put forward.,

Thuc in nydrcgen the thecretical intensities are ob~-
tained with the Lo Surdo method if the hydrogen is greatly
diluted with a rare gas., A good approximation is also obtazined
if the pressure in & pure hydrogen discharge tube is reduced
to abcout one mm,

A complete investigation of the relative intensities
in typical helium line groupse has been carried through by
Langetroth(9) in this Laboratory. The groups chosen for in-
vestigation were the par helium groups 2P=4Q (A4 4922) and
2P-5Q (A 4228), and the corresponding ortho helium groups
2p-4q (A 4471) and 2p-5q (A 4026), For the most part there
is detailed agreement with theory, although definite departures
appear in a few lines and components, The observed discrep-
ancies fall into two general classes, those which appear to
the same degree in all the components of & line (these may be
connected with the azimuthel quantum number), and s small
group with devistions of much smaller magnitude which appear
only in certain components of a line (these may be connected
with the megnetic qQuentum number), Of the first type it is

found that the P-P and p-p combinations are decidedly too strong
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for the theory, ss was earlier reported by Dewey(lz). These
discrepencies, as was mentioned before, may be accounted for
by essuming a concentration of atoms in the initial states
concerned due to favouritiem in the mechanism of excitetion,
This explanation is supported by experiments on the normal
helium spectrum carried out at Utrecht(13). No satisfactory
explanation for the variations of the second claes has been
put forward,

Passing now from a consideration of the experimental
intensities &s umeasured with the Lo Surdo nethod to those
obtained from canal ray tubes, we find a far greater variety
in the measured intensities, As waes mentioned in an earlier
paragraph, we must expect to find superfimposed upon the
Stark intensities a wide range of independent effec's arising
from the peculisrities of the source, A great mass of experi-
mental date is avaiiable on this subject, only a small portion
of which can be mentioned here,

A number of investigators(lu) have considered the
etate of polarisation of the light emitted from a canal ray
beam, If the atom emitting the light experiences the polarising
impacts of surrounding atoms (Umladeleuchten), then the ratio
In/ I_ is greater than one. I} (Ig) refers to the intensity
of the light with ite electric vector parallel (perpendicular)

to the canal ray direction, 1If, however, the canal rays run
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into a high vacuum (Abklingleuchten), then this ratio is egqual
to one, A similar phencmenon occurs ir congidering the sum of
the p to that of the s componenis in the Stark effect.(l5)
Another point, of interest later in connection with
Stark intensities, lies in the obeervations carried out d4n
gpectral intensities at different angles to the canal ray beanm,

Typical of this is thc work of v, Hirsch and SCth(16)

, who
discuss the relative intensities of aydrogen and helium lines
when viewed in two directione inclined at equal angles to the
direction of the canal ray beam, one being towards the source,
the cthier in their direction of moticn, Experimenis were made
on hydrogen c¢snal rays running into helium, anéd on helium
cenal reys running into hydrogen. For Hy , H 5 and He Alh7o
emitted from moving atoms, a positive axiel effect was obsscrved.
For H, , Hy , A ULi72 from stationary atoms, and for He A 38€9
from both moving and etationary atome the effect lies within
the experimental error, This subject has been discussed Dby
Stark in very grezat detail$17)

Coneidering the experimental results on Stark intensi-
ties obtained with the canal ray method, we find that these
are only complete in the case of hydrogen, It was early ob-
served by Stark snd Kirechbaum(lg), and independently by Wilsar(19)
that in the parallel field arrangement (field direction parallel

to that of the cenal reys) an asymmetry resulted which was



reversible with the field direction, In the case of an
accelerating field this asymmetry consisted in the strengthening
of the long wave length components as compared with the short.
The magnitude of this effect was found by Lunelund(eo) to
increase with increasing canal ray velocity. A summary and
diecussion of these early results has been given by Stark in
his two books or the subject,(al)

By far the moet complete investigation of canal ray
inteneities in hydrogen has been cerried out more recently
by Mark and Wi -(22). The results may be summarised in coum~
parison with the theoret.cal celculations of Schrgdinger as
follows, 1In the parallel field arrangement, the intensity
esymmetry mentioned in the preceding paragraph was confirmed,
In addition it was found that the relative intensities of the
components differed from those predicted by SchrBdinger. This
holds botn for hydrogen canal rays running into nitrogen be-
tween the field plates, and for hydrogen excited witk nitrogsn
canal reys, i,e. both for moving and stetionary hydrogen atoms,

If, however, the perpendicular field direction is
used, then different results are obtained for different condi-
tions in the observetion space, and for different directions
of observation, For a direction of observation perpendicular

to the field and with hydrogen canal rays running into hydrogen

gas between the field plates, an agreement with the theoretical



values was obtained for the p components, but not for the s
components, If the directior of observation is changed to
one slong the lines of electric force (from the positive tc
the negative electrode), then the distribution among the long
wave length couwmponente sgrees with theory, while that among.
the short wave components does not. In this arrangement, of
course, only the s components emerge and these are coservable
at all azimuths about the field direction in contradistinction
to the transverse effect for which only those oscillations
contribute to the & components whoee electric vectors lie
parallizli or anti-parallel to the canal ray direction, For
hydrogen canal rays running into a high vacuuq’and for hydrogen
excited by nitrogen canal rays, no agreement was found, and
the results in the two cases were sinxilar,

Ags a recult of their experirents Mark and Wierl con-
clude that:

(1) Agreement with Schrodinger is never reached in the
cage of fields parallel to the canal ray direction.

(2) 1In the case of perpendicular fields, agreement is only
obtained if hydrogen canal rays run into a residual gas be~
tween the field plates, and then only for the 5 components,
(The above hold for a direction of observation perpendicular
to the field).

(3) Agreement ie found for the long wave length & compoe

nents when viewed along the field,
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Some interesting observsations on the Balmer lines,
which have Lowever nc cornnection with those previously dis-~
cuseed, cave Leen made by v, Traubenberg, Gebauer and Lewin(23>
Ueing the perpendicular field arrangement electric fields up
to 1,4 x 10‘ volts per cm, were obtained., It was found ihat
the Stark components of a given Balmer line . disgppear en-
tirely when & certain definite field strength 1s reached. This
critical field strength is lower for “he higher members of the
series, and for & given line is lower for the long wave length
components than for the short. In fields over 10‘ volts per
cm, only Ho‘ and H‘ﬁ rerain and these are unaffected by fields
up to the meximum attained, The problem, which is essentially
one of ionisation, heas been considered theoretically oy
(24)

Lanczos , and excsllent agreement with experiment obtained,

The investigation of helium intensities by the canal
ray method is by no means complete, In addition to his early
work(al), the problem has been recently considered by Stark(25>.
In these experiments, however, the problem under investigation
was the axiality of light emission as disclosed by the relative
intensities for different directions of observation. Using
*Le perpendicular field arrangement, the direction of obser-
vation lay in the plane contairing the lines of force and the

cansl ray direction, and at different angles to the former,

The r251te obtained indicate that if & line is displaced by



the electric field to the red, then ite intensity in the direc~
tion of the electric field is smaller than in the opposite
- Qlirecticr, The reverse is true if the line is displaced to
the dlue, 80 far as the writer is aware, no detasiled examina-
tion of the fine anaslyeis of helium groups in connection with
theory bhas yet been made by the canal ray method.

Reverting to the hydrogen intensities, the explanation
put forward for the experimental results must be considered,
At the time of the diescovery of the reversible asymmetiry in the
parallel field case, Stark suggested the following explanation,
The hydrogen atom is t0 be considered as being polarised by
the action of the field, Morecever, the atom is assumed to
posseegs 8 large number of electrons end those lying close to
the nucleus are supposed by *heir vibrations to produce the
long wave componenis, those further away the short. Thus if
the electrons on the forward side of the ator (with respect
to its motion) &are excited the more strongly, the experimentsl
parts are explained, This bhypothesie is, of course, untenable
in thie form on the Bohr theory., The conception of the obe
served anomalies arieing in some manner from & polerisation
of the ecmitting atoms, either due to the field or to the
directed impacts of the cenal raye, has been retained by Mark
and Wierl, An attempt to treat the problem as one of polarisatim
on & wave amechznicel baegis has been made by Slack(26), but hie

treatment does not seem to explain the ghenomnena,



By meane which will be discussed lster, it has been
found possitle to operate canal ray tubes at far higher pres-
sures than have been previcusly used, Satisfactory operation
in the case of hydrogen ie obtained between O.4 to 0,5 mm, as
compared with the 0,01 to 0,03 wum, used by Mark and Wierl in
their investigations, It is perfectly feasible to operate
Lo Surdo sources in this presesure range, so thet a much more
direct compariscn between the two methods is now poscitle.

The perpendicular field arrangement is used, the
direction of obegervation beingdperpendicular to the field and
to the canal ray beam, The gae, hydrogen or helium, fills
both field space and discharge tube at the same pressure,
Since in the case of hydrogen it is desirable to stream the
gas slowly through the system to remove any foreign gases, the
pressure in the observation space may be slightly lower than
that indicated by the gauge, Witn the rates of streaming used,
thie drop must be very small,

Reproductions of photographe obtained sre given, to-
g2*ter with the accompanying photometer tracee, These comprise
H%,both in pure hydrogen and from a helium mixture, and the
2P -LQ and 2p-5q helium groups, The field strengthe range
between 90 and 130 K.V, per cn,

A careful comparison of the photometer traces for

H/} with those published by Mark and Wierl under similar



experimental arrangementes (with the exception of the pressure)
indicates a different intensity distribution emong the s
compcnents, While Mark and Wierl have reported an agrecment
with Schrgdinger‘e theoretical results for the p comgonernts,
a definite difference for the & coumponents had been found,
The new curves for the s components show a definite qualita=
tive departure from those previcusly obtained, and this depart-
ure is in the direction of agreement with theory. In the case
of the curves for the p components no new features are
apparent,

In view of the rapid change of the relative intensities
in helium with the field strength, it is not possible to dis-
cues these resulte in any detail until *the necessary calcula-~
tions have been completed, In general, however, these intenei-
ties show g distribution which appears to approximate very

closely to thet expected theore*tically,
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EXPERIMENTAL

The Discharge Tube

A point of the greatest importance in the design of
canal ray ¥ubes consists in securing as great a light inten?
8ity ae possible, 1In *their leter work in hydrogen, Mark and
Wierl obtained satiefactory results by the use of very high
currents in the main discharge (up to 120 m,a, at 20,000 volts),
Tais, however, necessitites the use of a quertz discharge
tube to withstand the severe heating arising from such a large
power dissipation, Moreover, great care is required in the
handling of such a large current in order to prevent violent
fluctuationes in the current,with consequent varistion in the
field plate potential, 8ince the only suitablie high potential
source available delivered a maximua current of 40 m,a, at
25,000 volte, it was thought desirable to consider means of
focussing the diecharge on to & small region of ‘he cathode
in the immediate vicinity of the canal, Thus the current den-
eity in the canal ray beam might be greatly increased for a
given current in the main diecharge. After considerable ex-
perimentation, it was found possible to do this by means of
& lavite cylinder sealed into the glass immediately above the
cathode surface, A conical hole, tapering toward the cathode,

restricted the discharge to an arca about four timee that of
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the canal, A decided increase in the light intensity was ob-
tained in this manner, it being poesible to record the Stark
componente of the strong helium line 4472 in about ten min-
utes,

The most important result of this type of construc-
tion lies in the radically increased gas pressures at which
the tubes can be satisfectorily operated. Tkie point has
been sufficiently stressed in the Introduction, Complications
in the field plate arrangemente arise, however, due to the
incressed tendency to sparking and generasl discharge at the
higher pressures., These, however, are not sericus if grezt
care is taken in polieghing the electrodes, It may be rsmarked
thet the increase in pressurc by itself leade to an increase
in the light intensity.(ZY)

The genersl design of the discharge tube is clear
from Fig, 1. The total - length is nearly one ametre in order
to provide a large cooling area., The glass in the immediate
vicinity of the cathode, where the heatling is most severe, is
cooled by means of & blast of compressed air, The anode is
a nickle disc of 3 cm, diameter by 3 am, thick., The fube
was conetructed of Pyrex glass which,in general proved ade-
quate to withstand the heating, At high currents, however, the

tube has occasionally cracked in the neighbourhood of the cathode,

This is doubtless due to strains set up in the glass during
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The Vacuum system.

Figure 2 .

Jathode Section of the Discharge Tube.



the process of sealing in the lavite cylinder, Careful
annealing of these perts hac almost entirely removed this
trouble,

The inmportant part of the tube, the catiiode and
field plate assembly, ie shown in detail in Fig. 2. The tﬁbe
leading to the anode, at thie point of 2 ca. diameter, is wax-
ed into a brass bushing (1))which in turn ie waxed into the
water cooled catkhode (2)., The brass bushing may be readily
altered or replaced to teake care of small variations in the
eize of the glass tube, Within the latter is sealed the lavite
cylinder (3) in which is cut a tapered hnle as shown., The
smallest diameter of ihis hole is 4 mm, The actua. cathode
surface is a carefully polished &gluminium disc of 2 mm, thick-
ness which is screwed to the brass csthode, The canal rays
pass through & circular canal of 2 mm. diameter into the field
chamber, An adjustable slit cute *he width of the canal ray
beam down to 0,5 mm,

The field plates, which are of polished alumuniunm,
are mounted within a hollow trass cylinder (5) to which the
earthed field electrode (7) ie connected. The field plates
are half cylindrical in shape. The earthed electrcde is mounted
on a brass eleeve (9) which fits snugly within the outer casing,
As may be seen in the diasgram, this sleeve is turned out at

top and bottom to & radiue equal to that of the electrodes,



il LI

FIG. 1

EI6. 2



- 17 -

Helf the bottom part wee then cut away leaving a half cylindri-
cal shell into which the earthed electrode fits firmly, A
pascage around the top of this electrode permit: evacuation of
the discharge tube through the .assage (12), The -igh potential
electrcde ies eupported snd insulated from the casing by the
glaes tube {10) into which the ‘tress supporting rod is waxed,
The distance between the electrodes is usually about 0,7 mm,

The carnal ray beam, after traversing the field space, Lits a
stop {11) of polished aluaminium whick ies screwed to the brass
sleeve (7). The space ietween the hizh potential electrode

and the earthed walls is kept down to apporoxiwmetely 1 mm, in
orlder to reduce the discharge between the electrode and the
walle as much as possible, The light from between the field
plates escapes in & direction perpendicular to the plane of

the drewing thr-ough two glees windows which are waxed over holes

in (6). All waxed jointe are wmade with deKhstinsky cement,

The Vacuum System

Ti.e vacuum system is shown diagrammatically in Fig. 1,
Two taps (1), one with a scratch cut jart of the way round
the barrel to sct ae a slow leek, lead to an electrolytic
hvérogen gen2rator, The hydrogen is dried by means of a liquid
air trap which replacee the phosphorus pentoxide tube (2)
originally used. A large ballast volume (3) serves to stabil-

ize the pressure., A tap (%) may be uced as an auxiliary pump



connection and admits air to the system when necessary. The
McLeod gauge ie connected at (5)., while (€) ie a helium reser-
voir, the gas being edmit*es i¢ the gystem as required by

meens of the two tepes shown, The discharge *tube (7) is mounted
verticelly and may be turned about a vertical axis by means

of two grounl glass joints not shown in the diagrem, Taps

(7) and (8) conmnect ithe vacuum systasw *o a large charcoal

bulb, and to the pumps respectively, Two glass diffusion

punrips connected in parallel and becked by a 'Hy-Vac! pump served

to evacuate the system. Pyrex tubing was used throughout,

The High Potential Scurces

The source of high potential for the main discharge
is a 'Proton' apparztus of Kipp and Zonen, Thie cutfit, a
full-wave rectifier, ie capable of deliverinz & weximum curren*
of 40 m.a, at 25,000 volts., The current and voltage are
regulated by mesns of a primary resistance. The output of
the rectifier is smocthed by two large condensere of 0,26
m,f.d, capacity supplied by the General Electric Company,
Further smoothing is secured by the uee of a large incductance
and a water recistance in series with the discharge tube, The
water reesistance formes part of the water cooling system of the
discharge tube.

The field potential is supplied by the 10,000 volt

General Electric rectifier described in Part I of this thesis,
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The potential across the field plates is ncazeured with an
electrostatic voltmeter and is kept constant by varying the
primary recistance of *re higk voltsge tranciormer,

Tae cathoce is maintained at ground potential,

The Optical System

The ligat from the discharge tube is focussed on the
Blit of the sgectrograph through a Wollaston prism by ueans
of a condensing leans,

The spectrograph is the large glass instrument used

(2¢)
« Thres prismwe are used in this in-

in this Lezborat-ry
etance, The lerseg are dcubleis 3 incheg in diameter and have
a “cc=l length of 45 inches., The temperature of *he prism
chember is kept conetent by means of a therwo~stat end elec-
tric hezating coils, With the present arrangemen® the dispersion
at Hp is 11,24/ mu,

Eeetman 40! photorraphic pletes esre used and are de-

veloped in metol-hvdcoguinone,

Intensity ueasurements

The method finally adopted for the intensity umeasure-

(29)

mente ie escentially ths* described by Ornstein A "step-
reducer!" is placed before the slit of the spectrogrash and

evenly illurinated with a continucus scurce of light., The



densities on the steps are so adjusted that a series of marks
is produced on the photographic plate varying uniformly from
zero to maximum densgity,

The step reducer in use was mede in the following
manner. A procese plate was fastened to the carriage of a
comparator facing a distant scurce of light, A fixed sheet
of stiff paper pressed againet the plate, the edge in contact
with the plate having a clean cut, straight edge, The por-
tion of the plate not covered by the paper was then exposed
for a short time, the plate advanced .5 mm, and exposed agein,
and so on, In this manner a series of twelve steps was pro-
duced which, by a suitable choice of the exposure times,
varied uniforasly frciu zero to maximum density. A small piece
of this plate was carefully vsrnished snd mounted on a slide
which fits the gli* of the spectrogreph.

Uniform illumination of the reducer is cssential, Tiis
ie secured by the 1re of a ribbon filament tungeten lemp in
conjunction with a cylindrical lene. The lamp is operated Irom
a low voltage transformer, The brightness of the lamp can be
regulated witkin certain limits by meane of & primary resist-
ance, The voltage acroes the lamp is meesured with a volt-
meter and may be kept constant if.deesired,

The method of calibration has been fully described by
Ornstein<29). A number of photogrzphs are tszken through the

reducer with ccnstsnt exposure time and lamp voltage but with
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varying slit width, Within wide limits *he intensity for a
continucus scurce of light may be coneidered &s proportional
to the elit width, A lower limit is set however, by the con~
dition thet at least the firs* diffraction maximum on each
side of the central image must fall on the collimatcr.

Theze plates are then photometered, end th> deflec-
tions,meccured from total darknees on the thermopile slit, to
the steps (Ui), and to the unaffected part of the plate (Ug),
tabulated, The ratio Ui/Uo for eacl step is *then calculated
and plotted eagainst the logarithm of the intensity. We thus

obtain a family of parallel curves,each corresponding to one

)
of the eteps on the reducer, 1If a strsight line bs drawn
parallel to the intensity axis through the parallel portion
of these curves, we may readily calculate from the intercepts
of the curves on this line the relative absorptions of the
eeveral steps., This procccdure must te repeatel at each wave-
length at which it is desired to use the reducer,

The photcmeter employed is the standard Moll instru-
ment(jo),

A comparison photograph teken through the reducer is
placed on each Sterk pho*ograph, From the known inteneity
distribution among the calibration marks, the relative intensi-

ties of the Stark components may be cbtained,

A typicel set of inteneity marks is seen in Plate
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in the procedure followed up to the present, the
calibretion merks and the S8tark photographs are not the re-
sults of equal exposure times, Considerable uncertainty has
been expresced as to the propriety ¢f this procedure, which is,
however, followed at Utrecht after an exhaustive study of ihe
subject€31) It is felt that experimentes to justify this
assurvtion must be carried out with the plates and method cf
development used in this laboratory,

The rou*ine work of calibrating the reducer has not

been completed in time to incorporste numerical results in

this discussion,

Experimen®al Procedure

Ae a result of the large mnass of metal and lavite in
the cathode assembly, it is necessary to operate the tube for
about an hour at & high current to oulzas these parts as much
as poseible, During this process, hydrogen is streamed
rapidly through the discharge tube,

A rougt alignment of the discharge tube with the slit
may be efferted by means of an iron arc mounted behind the
discharge tube. The licht from the arc passes beiween the
field plates and ttrough the lens - Wollaston prism eystem,
Final adjustment is made by direct observation of the light on

the slit of the spectrograph,
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The first application of the field potential at these
pressures (0.4 to 0.6 mm,) is frequently accompenied by dis-
charge and unsteadiness., This quiets down after a few min-
utes operation, and the field potential may then be raised to
ite usual operating value of 10,000 volts, Due to the high
current density in the canal ray besm, the current between the
field plates is intimately connected with that in the main
discharge, Since with the present cooling arrangexents the
former cannot with safety be increased beyond 10 m,a,, & limit
is placed upon the current in the main discharge, It is found
that thie 1limit is about & m,a, This influerce on the field
potential neceesitates exceedingly etable conditions in the
canal rsys c¢uriug an expogure, If care is taker, tinese can
be obtained, and the field potential held constant within
1%. <Exceedingly sharp lires are thus obtained,

An exposure in hydrogen is usually taken with the
gas streaming elewly through the discharge tube, The water
vapour is removed with a liquid eir trap. Under these condi-
tions the secondary cpectrum is fairly strong and many ¢is-
placed linecs have been observed,

The gas is not strezmed, however, during & run in
helium; the pressure in this case is between O.4 and 0.5 mm,
The charcoal bulb ig kept in constant communication with the
vacuum system when helium is used to remove any foreign gases

which may be libersted from the metal or wax, Hydrogen is
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present as an impurity in tue belium and ng is always found
faintly on the nlates, Other foreign lines frequently ob=
served are due to aluminium and, occasionally, mercury.

The canal ray current is usually ir the neizubourhood
of & m.a, 2t abcut 15,000 volts. It was always adjusted to
the value at which the particular tube appeared tc run most
steadily. 8light veriations occur during a run in heliua due
to the hardening of the tube due to sputtering.

The exposure *times vary from one to four hours de-
pendinz on the light intensilty obtained and the line t2 be
inveetizated.

The slit width uszed ie 0,05 mu,

Due to the mile range in the intensities to be coax-
pared, great care is necessar; to avcid over-exposure of ihe
gtronger components, or under-exposure of weaker onee, This
makes plates satisgfactory for measurement rather difficult to
obtain, Due to the variation of the Stark intensities in
helium with the field strength, & further complication is intro-
duced inasmuch as it is exceelingly difficult to obtain a
number of plates at exactly the same Tield strength, Hence
it is not possible in general to aversge the experimental
values over a nuuwber of plates,

At the close of a Stark exposure, the condensing lens
and Wollaeton prism are removed and the tungsten lerp, cylindri-

cal lens en? step-reducers set up in position, A comgparison
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spectrum is then placed upon the same plate, the exposure
time for the latter usually being in the neighbourlraod of
ten minutes,

The life of a discharge tube is usually about twenty
hours. The failure is due to the sputtering of the cathode
surface, the canal ray beam becoming very unsteady. After
the operation has become unsatisfactory, the cathode section
must be taken apart, cleaned, polished, and re~assembled. In
time an accumulation of sputtered metal on the lavite cylinder
necessitates its removal, cleaning in hot sulphuric acid,
and re-baking in an electric furnace. Its original condition

can thus be restored,

Field Strengths

The field strengths are determined from the splitting
observed in H[3 which has appeared on all the plates obtained
up to the present. If necessary, however, the fields may
be obtained from the helium groups after the theory of

Foster(52

Description of Plates

Plate 1.

Phis a typical photograph of Hjstaken in pure hydrogen.
The upper are the & components, the lower the p. The
accompanying photometer traces show a magnification of 9

from the original plate.
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The components are numbered in the usual Epstein
notation,
The conditions in the discharge, etc,, are given in

the Table at the end of this section,

Plate 2.
A photograph of H/g taken from a helium mixture., Only
& trace of hydrogen was present.

The arrangement is the game as in Plate 7,

Plate 3.

@) These are reproductions of photometer traces
taken from a paper by Mark and Wierl (Zeit,.f,Phys.53,526, Figs.
9 and 11, 1929). They show the & and p components of Hp
taken in a field of 200KV/cm. perpendicualar to the direction
of motion of the canal rays., In this case hydrogen canal rays
were used and these ran into hydrogen at a pressure of 0,02 mm,
between the field plates. The canal ray current and voltage
were approximately 60 m,a, and 25,000 volts, The numerical
quantities quoted above must be considered as only approximate,
the actual values for this photograph not being given,

(b) The heights of the vertical lines r?ijesent the

tH

(7]
relative intensitiegAég calculated by Schr8dinger’,

Plate U4,

This plate shows the parhelium group 2P-4Q (] U4g922),

As before the upper are the & components, the lower the p,



The various components are labelled under the corresponding
points in the photometer trace, together with the m values
of the initial states, Two m values bracketed together indi-
cate the presence of two unresolved components, This notation

was introduced by Foster(S)'

Plate 5.

This shows the parhelium 2p-5q (A 4026), The foreign
line may be identified with the strong mercury line 4046,

Thie is a reproduction of a plate taken during the
initial stages of the experiments with high pressures (Jan, 27,
1933). At this time the spectrograph was arranged to show a
number of lines in fair focus., The more recent plates (Plates
1, 2, 4) were taken with the spectrograph focussed critically
in the regiom of Hpand He 4922, Accordingly the later plates,
which are of considerably higher quality, only show He U026
badly out of focus,

Plate 6,

Thig is a contact print of a typical plate showing
the intensity marks, The H/3 reproduced in Plate 2 was en-

larged from this plate,



-~ 28 =

Experimental Conditions

L*_Plate 2 & 6 L 5
Pressure (mm,) 0.501 0.47 0.50| 0.45
Canal Ray current (M A)] § 4 7 2

voltage (KV) 12 10,4 13 9.6
Field strengtb (KV/cum.)| 99 92 120 | 132
Exposure time (hours) 2 3 2 2
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DISCUSSION

A discussion of spectral intensities based only on
the appearance of the plate and the photometer trace is of
necessity of a qualitative nature, Provided, however, that
the plate is not seriously over or under-exposed, & consider~
able amount of information is obtainable,

An inspection of the H g plates (Plates 1 and 2) shows
an apparent asymmetry between the long and short wave compon-
ents, This, however, is almost certainly illusory, since a
photometer trace across the intensity marks at the wavelengths
concerned shows that the plate sensitivity has changed consider-
ably in the interval, This is a factor requiring particular
care in considering Stark effect intensities,especially in the
case of Hy and Hﬁ and neighbouring lines, The apparent differ-
ence in the rat1081?8/+ 10 end p ~8/.10 and the correspond-
ing s*u/+6 and s”u/_6 is probably due to the same cause (a
similar phenomenon was observed by Mark and Wierl and traced
to this effect), When the necessary corrections are applied,
it is expected that these anomalies will disappear,

A comparison of the plates obtained from pure hydrogen
and from the helium~hydrogen mixture shows that no effect of
the type noted for McRae(ll) ig to be found in canal ray tubes

under the conditions of the experiment, Within the limits
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imposed by the variation in plate sensitivity, no asymmetry
is to be noted in either case., This would be in accordance
with McRaet!s observation that the asymmetry tended to de-
crease with the pressure, A possible slight difference may
exist in the relative intensities of the components, but,

if so, it would not appear to be large., Examination of &
number of plates tends to confirm the view that the relative
intensities in the two cases are the sanme.

The most interesting point in connection with these
hydrogen platee lies in the comparison of Plates 1 and 3 with
the curves obtained by Mark and Wierl and shown in Plate 3(a).
For the p components there appears to be no change of any
eignificance. For these components Mark and Wierl report de-
tailed agreement with Schrgdinger. In the case of the s
components, however, these workers found the value .% = 1,27
as compared with the theoretical 1.55. A comparison of the
curve for the s componente of Plates 1 and1§ as against that
of Plate 3 indicates that this ratio is suﬁgtantially increased
in the present investigation, This is particularly noticeable
in the case of Plate z;

While the hydrogen plates can be discussed in a reason-
ably complete qualitative way, this is not true in so large a

measure for the helium groups shown in Plates 4 and 5. 1In

helium the intensities vary quite rapidly with the field strength,
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and the intensities have not been calculated for fields ex-
ceeding 100 KV/cm, 8Since the numerical calculations are

quiie laborious, and only hold for a single field strength,

it has not been thought desirable to carry them through until
the actual experimental values had been determined, The obser-
vations do not show, however, any marked deviations from those

expected from an extrapolation of the theoretical curves

beyond the 100 KV/cm, limit,



e [ L J

W 66~ OO0 U F W o M
[ ]

10.

1k,

15,
16,

17.

- 32 -

FEALACT S
el DTUE N G D

Stark, Ber. axad, uiss. Ee:lin, JLVII, 191;
Epsteiz, awun. &, Pays. 50, 459, 1916
schwarzchild, Ber. ikud. .iss. Berlin, 542, 1916
Schrddin_er, ann, d. Fays. 80, 4,7, 1326
roster, Froc. aly. woe. a,117, 137, 1927

Lo surdo, =n2nG. d, Line. .uII, 664, 1913

waik and ilesi, weit., f, Phys., 55, 156, 1329
gaviola, Nature, 12z, 772, 1%2u

Langstroth, froc. noy. Scc. a, 129, 70, 1930
Foster anu viulk, Proc. acy. Joc,. A, 123, 108, 1929
..CRae, Proc., s,. wuc. a, 132, 257, 1951
Dewey, Thys., Lev., 2C, 214, 1927

Ornstein, Kapuscinsxi and “uiger, Zet, f. rFhys, 51,
S, 1928

reteri aud Zlenbaas, 4eit. f. Phys. O, 22, 1229
Ddpel and v, Hirsch, aun, d, Fhys, &2, 16, 1227
Heriwl, ZFroc. dat., acau, awrr, 12, 134, 1926
Supn,  aldl, W, ohys.  ow, oW, 10727

stark (See reference 17

Wwarl and t.ie¥l, weit., £, rhys. 55, 1%, 1329

v. Hirsch and Jchén, seit. f, zays, 70, 422, 1331

1530



ce,

u
C
L ]

\,J

- 33 -
sterl and Zirschbauw, ann. d. Phys. 45, 992, 1914
Wilsar, Gdttin_er Nacarichten, 1914

Lunelund, .., d. Fhys. 495, 517, 1914

Starx, Llextrische sositranalyse der chemischen
atomed, Leipzig,(1)14); Handbucn d, exp. . hysik

X
o~

(Vien-“er:us, aal, Leipzig,(1327)
wiewl, aan, 4, Phys. 02, 503, 1227

iark and .iepl, ..it. I, rlys, 53, 5:7, 1929;
55, 156, 1j323; 57, 49+, 1,23

v. Traubenbei., sebauer and L.viw, Naturwiss,,

Yay 2, 1550
Lanczos, «eit, f, fays., &, 204, 1931
Stork,  Ana. g, Foys. o, 007, 1320

Sluck, aca, d. Fhys. 82, 576, 1527; TFays. Rev.,
25, 1170, 16

3 - <t s T T A ~ o
lllen’ - -;-‘Jo- :v*‘jfs' :4"3\4. U-.:*J-L'. )‘ p) /‘-LI_ ) /'—a/

T.stcy, £TOC, R[Sy, suc. a, 122, 537, 19&;

Crastein, iToe, fhye, woo. Lond. 37, ok, 1923
Fhys. «cit., 28, 6Z3, 22T

L0ll, DProc. .rye. Swe. Lond, [, aU7, 1921

Crnstein, i.ys., <eit,, &6, 6o, 19-7



¥Ylate 1,

HB Photographed from iure lydrogen.

rield strensth 99 XV/em.
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Flate e
HB rrotoeraphed from ¢ Helium=RByirogen iixture,

"ield utrength 92 KV/em.
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Ylate &,

(a) *hotometer Traces of Hg Published by Mark snd “ierl.
( 4eit. £. Yhys. 53, 526, Pigs. 9 &11, 1929)

(b) Theoretical Irtensities for Hp after sehrodinger.
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PLATE 3



Plate 4.
2P = 4y Croup of . arheliun.

Meld strength 120 XV/em.
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Flate 5.
2p = Bq Croup of Orthohelium.

rield Jtrengtli 152 LV/ome
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Plate G

Contrcet Print of a Typical Plate showing Inteneity Marks,

v 2

" J
Pield ntrength 82 LV/cme
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