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Summary

1. The effect of crossed electrioc and magnetie fields on the
speetram of helium hes been observed throughout the prineipal
part of the visible region. The directions of the eleciric
and meagnetie fields and the éireetion of obeervetion were all
at right angles to each other.

2. Displegements have been measured for four line groups at
field strengths up to 130 kilovolis per om.

3. Satisfactory analyses of the parhelium line group 2p-Hg
and the orthohelium line group £p-%q have been obtained at
seversl field strengths.

4. Analyses have alsc been obtained of the parhelium line
group 28-4Q and of the orthohelium line group 2p-5q whieh,
while not completely satisfasetory, indieate the nature of

the effeete to be observed.,

5« No guantitative comparison with theory has been attempted
but the results obteined agree well qualitetively. Fifeeotis
of speeial interest sre the removal of the selection rule
for m and the variation of intensity with electrie field

gtrengti.

6. The results obteined have been vompared with those of
previous observers, agreeing well with those of one of them

but proving the results of the other %o be inaccurate on

several counts.



Introduction
The dissovery by J. Stark (1) in 1913 that an electriec
field applied to a light source eould influenee the wavelength

of the radiation produced was of eonsiderable theoretieal inter-
est. The normal Zeeman effect which had been discovered seversal
years previously hed reeceived an apparently satisfaectory explan-
ation in terms of classiesl eleetrodynemics. A large Stark
et!bgt. however, was quite outside the scope of this theory
which predicted -Voigt 1901 (2)- only very small effects foll-
owing & éeperture from the simple law of foree for harmonic
oseillations. As is well known, the explanation of the early
obeervations in hydrogen made by Stark was one of the msin
triumphs of the Bohr theory (3). The observed Stark effeet

for non-hydrogenie atome received no adequate gquantitative
theory until the advent of modern quantum mechanlies.

The composite problem of the influence of the two
fields, magnetie and eleectrie, on spectra naturally received
attention shortly after the éiscovery of the Stark effect.
Hydrogen wae the element investigated end no experimental
results were obtained by several workers ineluding Stark himself.

The two prineipal eases of interest are thoee of
(i) parallel and (1i) perpendieular flelds. Gerbasso (%) made
visual observations on H under parallel fielde and reported
that the two effeets were simply additive. Foster (%) has
investigated helium under parallel fields and confirms the
report that the displacements are additive and that the mag-
netie separation is independent of the megnitude of the Stark
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effect. Vorking with erossed fields in helium he (6) has
obtained photographs which show several interestiing effects
such as entirely new components due to the removal of the
selection rule for m. He found that the messured separat-
ions of the strong components were always greater than
normal for the 8iffuse and fundamental series and that the
struecture of the lines was usually asymmetrie with respeet
to both the positions and the intensities of the eomponents.

Steubing and Redepenning (7) have reeently
repeated the work of Foster on ercssed fields in helium in
some detall. Their results like those of Foster were unsat-
iefactory due to the small eleetrie fields obtained. The
electrie field strength in both experiments averaged 10,000
volte per em. while most helium linee of interest reguire s
field of at least 50,000 volts per eme for good resolution
of the components. ln Foster's experiment the low field
strengths were inherent in the design of the discherge tube.
in the other experiment higher field strengths were tried but
Steubing and Redepenning report that they eould not obtain
sharp eomponents.

- 1% has been the objeet of thie researech to
obtain photographs of the prineipel hellium lines in the
viesible region with eleetris fielde of suffieient strength
to reveal oléarly the strueture of the components.

The theoretieal treatment of the problem is
fairly complete. In 192¢ Bohr (&) published a solution




-5~

based on the old guantum theory which claimed that the stetes
were not quantised (not sharp) under erossed fields. The
quentum mechanieal theory of the helium atom published in 1926
by Heisenberg (9) was followed by Poster's (10) theoretical
paper on the Stark effeet in helium based on the previous work.
The somplete theory of the effest of combined fields on the
helium spectrum has been worked out by Weizsacher (11). It is
developed according to the perturbation theory of matrix mech-
eniee and while it is quite eomplete the erithmetical saleoulat-
jons involved in working out an sctual ease are laborious.

For this reason time does not permit a quantitative eomparison
of the results with the theorye.
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Experimentel Proecedure snd Apparatus

l. The Flectromagnet The magnetie field needed in the

experiment was supplied by an electromegnet constructed at
the Ryerson Physieal laboratory. ¥hen £70 volis are applied
scrose the two field ooils in serics the gurrent taken is

11 amperes gnﬂ the maximum field is of the order of 35,000
oerstede, with solid pole pleces and a separation of 1 em.
between them. Under the sonditions of the experiment with
gmall holes drilled in the pole pleces the field oblained was
eround 25,000 oersteds. The magnet was mounted vertisal and
the esore ané pole piece of the upper coll were removable.

This permitted insertion of the éiecharge tube, to be desoribed
leter. The field eoils contein layers of coiled copper tubing
through whiech water san be passed. This method of cooling
mainteins the tempersture of the metal parte of the magnet
within a few degrees of 0°C.

Ze The Speetrograph The light was anelysed by & six prism
glass spectrograph whieh gave & dispersion of from 2.7 to 5 A

per mm. over the region of the speetrum investigated. The 60°
prisms rest on & heavy iron base which is aceurately flat. The
priem chamber is eneclosed and is meintained &t a temperature a
few degrees above réam,tempe?atnre by & thermostatic eontrol.
The lens are doublets 3 inches in diameter snd have & foeal
length of L5 inches.



Fig, 1 The Vacuum System.
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3+ The Veouum System is illustrated in Fige l. The helium
from the reservoir F was filtered through the charcoal and
liquiéd air trap E in order to remove any impurities. The
pressure in the discharge tube sould be read from the Ne'eod

gauge A. The ground joint C permitted testing of the disecharge
tube for vacuum tightness before mounting it in the magnet.
B is a mereury trap to take eare of any overflow fram the
VeTeod gauge. Duriag the latter stages of the research, an
investigation into the effeet of erossed fields on the speetrum
of neon was undertaken by snother experimenter.. The neon bulb
and ballast volume H and G were for this research. The seecond
chereoal bulb and liquid air trep D wes found to faellitate the
"ageing” of the diseharge tubes by teking up immediately any
geses @mlud_ from the walls of the tube under the astion of the
diseharge.

Connection to the discharge tube is made &t 1 by means
of a ground glass taper which fits a brass cone on the tube.
The syetem ean be evacuated by means of a rotary oil pamp

eonnegted at Jo

4. The Light Source The discharge tube used in these

experiments ie the outcome of a large number of attempis %o
gonstruet & source which would give the erossed fields spectram
with both high fields and a satisfactory light intensity.

These previous experiments were performed partly by the writer
ané mtly by other members of this lLaboratory and while they
were unsuccessful in themselves they sontributed largely to
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the suscess of the present design.

The sourece ie a double eanal ray tube mounted in the
magnet 80 that the dissharge takes place along the magnetie
lines of foree. The field plate system is between the pole
pieces and the light is observed from between the field
plates in & direetion at right angles to both fields whieh
are also perpendicular %o esch other.

The eathode of the discharge tube (illustrated in
Pig.2) is setually part of the magnetie eireuit of the magnet
and in this way ie gooled by the cooling syatem of the latter.
The pole piece A wae drilled out &nd an iron eylinder E mach-
ined to the shape shown in the disgram. This piece of iron
forms the aetual pole %ip sliding into the hole in A and
resting agalsst the shoulder shown.

E is drilleé out for two-thirds of its length to
teke the anoée tube De The anodes (not illustrated) ere
aluminum eylinders ¥ mm. in diameter and 6 em. long. They
fit snugly into glass tubes which in turn fit into the anode
tubes, being waxed in place. This errangement eentres the
anodes anéd helps insulate them from the grounded metal ountside.

Fleetrieal conneetion is made through tungsten seals.
The eanal ray part of the tube was constructed as

followe. Before the snode tubes were put in, the two pole
tips E and N were joined by a solid bress bloeck machined in
such & way that the three metal paris formed & eylinder. The
surfaces between this bloek and the iron pleces E and N were
soldered, the distance between the pole faces being 7 mm.
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Fig. 2 The Discharge Tube
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A hole 1# mm. in diemeter wes then drilleé along the axis

of B, €, N forming the eanal. The bloeck was then clamped and
a hole 5 mm. in diemeter was drilleéd centrally through the
brass at right angles to the eanal. A third small hole through
the brass at right angles to the other two permitted light %o
be observed from between the fleld plates.

When running, the metal parts of the magnet and one
of the fielé plates were at ground potential, diseharge taking
place between the two eanodes and aluminum mesks F, F, whieh
limited the ganal ray beams to e diameter of ¢ mm. These masks
elso redueed the sputtering in the tube.

The high potential field plate is shown &t the left
in the disgram. The short brass tube H serews into ¢ supporting
the field plate J, whieh is insmlated from it by the gless
tabe 1. The bress tube ¢ which supports the grounded field
plate 2 ends in & bress taper. 2 is held in plece by the set
serew Ve Gom:eotibn to the vaounm ayéten is made by the glass
tube U which waxes on to the ground econe as shown. The field
plate Z, originally a cylinder, is flattened on two sides to
permit & elear passsge for ges to and from the discharge tube.

Zhe brase side tubes were painted with glyptal at the
jointe to G. The joint between I end H eand the ground joint to
the vacuum system were made with Q low temperature white wax,
while ell other jointe were made with hard de Fhotinsky eement.
Considersble difficulty was encountered in keeping the system
vaenum tight.

| The lower pole piece assembly i®s not shown in detail
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but is identical with the upper, the tube being symretrieal
about the axie of the field plates. The scale shown is in en.

5. The Eigh Potential Sources Two high potential sources

were employed. The two anodes were conneeted in parallel to
a Kipp and Zonen full wave reetifier which gives & maximum
output of 40 milliemperes at 25,000 volts. The output control
is obtained from a rheostat in the input to the transformer.
The high potential field plate was eonneeted to a General
Eleetrie full wave reetifier eapable of giving 100 m.a. &t
10,000 volte. 48 the field plates normally drew no eurrent,
no resistance eontrol over voltage was possible and for this
reason an auto-transformer (Variae) made by Genersl Radio was

used to deliver the power to the input of the transformer.

6. Procedure during s run After the discharge tube was

mounted in the magnet and sonnected to the vacuum system it
was pumped out and the two eharcoal bulbs roasted. The ghar-
coal bulbs were immersed in liquid air flasks and the pressare
of helium adjusted to 0.7 mm. of mercury which was found to be
the optimum pressure. The high potential to the snodes was
tarned on and the discharges run at low power for epome time.
During this period, the tubes were very soft dme to gas being
given off by the metal parts exposed to the vecuum. It was
found that if & new tube was allowed to remain under vacuum for
twelve hours, the time required in "ageing® was shortened with
eonsequent inerease in the life of the tube. This perioéd of
egeing veried widely from one run to another, being in genersl
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of the order of three to four houre. During this period the
light was very poor and the anode voltage low but inereasing
steadily. A high snode voltege was necessary for good light.
After sufficient ageing, a steady field voltage of about
10,000 volte eould be applied without dissharge taking place
between plates § mm. apart.

The light from the tube passed through a eondensing
lens, and was then analysed by a Wollaston double image prism
into the two polariszations, one of whieh passed through a
quarts guarter wave plate to rotate ite plane of polariszeation.
Two types of plates were used. In the green region Eastman
Spectroscopie Plates type 1-J were used,while in the region
below 4500A Eestmen 40 plates suited the requirements well.
Some of the J plates were sensitized in ammonia by the
customary method with e slight increasse in sensitivity.

| Normal operating sonditions were: sanodes at
<4 12,000 volte, sathode at ground, and high potential field
plate at - 10,000 volts. The discharge current was normally
less than 1 milliempere. Exposure times varied from one to
three hours, depending on the strength of the line being
photographed. After the plates were exposed, & eomparison
spectrum from & helium Geissler tube was superimposed on
the plate between the two polarizations.

As many as four or five runs have been obtained with
the tube before it was necessary to take it apart for eleaning
and replacements. The ehief causes of breakdown were melting
of the wax geals, disintegration of the glass tubes D at the
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eathode surface, due %o eleetroliytie esonduction through the
gless to the iron, and breakdown of the field plate insul-

ation.



w::tal Results

inalyses of several of the mein helium groups have been

obtained at a variety of field strengths and the observations
from these plates ere listed in the tables.

i series of photographs of eseh main group was taken
ané the best plate of each series was selested for accurate
measurement. The remainder of the plates were measured less
carefully and served as dafa for & study of the variation of
displacement with eleetrie field strength. The best plates
were also photometered with a Holl photometer and the exisi-
ence of all doubtful eomponents was either eonfirmed or
rejected acecording to the reeord of the traces. These traees
also gave & measurement of the inteneity relations in each
group. An attempt m- made to retain the same scale of intens-
ities for different groups but relative intensities for lines
in different groups eannot be aceepted as aecurate, due %o
variations in plate sensitivity.

The displacemenis were measured on a Caertner meas-
uring mashine and the mean of five observations taken. The
dispersions were caleulated from measurements on an iron are
plate for the same region, taken with the same settings of
the prisms.

in edéition to the lines tabulated the following
lines were observed: \)\5015 (25-3P) and 3889(28-3p). These
lines have not been measured. The groups investigated were
Mugez(ep-4a), 4472 (2p-hq), %026 (Zp-5q), and 3965 (25-4Q).
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The parhelium groap \ k388(2p-5¢), was not measured due to
its low intensity, elthough treeces of its strueture appeared on
some plates.

The tables are of two kinds. The first type refers
to the plate for each group from whiech sccurate measurements
were made. Table I is en example. The displasement of each
observed component is listed with ite estimated intensity
relative to the other lines of the group. In the Lfifth column
the lines are elassified into five groups, sccording %o the
quality of the line. The different classes are as follows:

l« A sharp narrow line. This issalmost certainly & single
component and the measurement is ascurate to better then a
tenth of a reeiproeal em.

£+ A sharp broad line. This is probably & complex siructure.
The measurement on the eentre of the line is acourate.

3, & member of a ecomplex group. The measarement of the
component is not very aecurate, but its existence is definite.
4, The meamsurement is made on the centre of graviiy of a

complex group whieh is not resolved.

5+ A very faint component. The measuremeni is ineaceurate
but the existence of the component is definite. 1ts intensity
is less than three on the arbitrary seale used in this report.

The eixth and seventh ecolumns give some probable
values for the initisl and finsl m guantum numbers for the
transitions. Generally it is impossible with the present data
to distinguish between + m for the initlial levels and between
the three possible m values for the final level.
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The seeond type of table (e.g. Table V) follows the

displacement of each eomponent as the field cheanges. Numbers
on the same line represent what is believed to be the same
gomponent, while & number on & line midway between two other
lines represents the sentre of gravity of the two components
at the field strength given. That is to say, at that particu-
lar field strength, the two components were not resolved.

The sharp series lines such as 5047 i (2P-45) are
very slightly affeoted by the eleetric field, consisting of a
virtually nommal triplet, as in Zeeman effect, which is slightly
displeced a8 a group by the electrie field. The magnetic field
gan be determined from the splitiing of these sharp series lines
with a falr securaecy. This magnetic field determination has
been earried out from several plates and as an additional cheek
from the results obtained in pure Zeeman effeet. The results
ghow that the magnetic field is constent from one photograph
to another end is equal to 25,800 oersteds. The error in thise
determination is about + 500 oersteds.

The determination of the electrical field strength is
a more 8iffienlt matter. The method employed was to treat the
magnetie effeet a8 a small perturbation on the Stark effeet,
and to assume that the eentre of gravity of the components of
each line (e.g. all the 2P-NF gomponente) was displaeed acocord-
ing to the theoretical Stark effect saleulations of Foster (10).
The aversge of the results for sharp widely displaced line groups
was taken as the sorreet eleetric field strength for the plate.
The results obtained in this way were self consistent within an

error or not more than + 1 KV/em. for most plates. This would
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seem to be & good sheek on the validity of the method.
Haturally for very low eleetrie fields this method will not
give good results, beocmuse then the megnetie effeets may be
as big or bigger than the eleetrie effecis.

in the tables and reproduetions of the photographs
the two polarisations are referred to somewhst arbitrarily as
perpendicular and parallel. The "s" polarisation designates
that polarisation whieh is perpendieular to the magnetie field
and parallel to the eleetrie field. The "p" polarisation is

the reverse of this.



Table 1 (Plate /1) Displacement of Components of 2P-4 (Psrhelium)

Group from normsl I line in on~1

Pleld Strengths ( H = 25,800 cersteds (Ce)
( E = 68.7 KV/om =

4]
Dispersion at %922 A = 23.8 em™l/mm.
Normal D line is %921.926 I.A. = 20,311.595 em~1

Polar- |line [isplace- |Approximate In- | Gmnality | Probable m values
isation ment tensity in Arb- Class | Initial Final
in em~1 |itrary Units Level level
o 09 «26 - i 0 =1
. +509
+506 .87 - 1 0 +1 |
+ 28.81 11 1 0 |
2 P-4D
B8 & ?5.58 i e il i
= 15. 8 0‘+1 |
2p=4p s ‘ ® I
- 17.42 5 3 0,11 |
ep=4p| = 65.45 5 2 0
- 6754 2 5 o
2 P=lsY +507 9% - 1 ) 0 ?
+ 29,64 2 1(?) 0
+ 26.87 é 1 +1
2P-4D | + 2444 10 1 +1
+ 15.69 10 5 $2
p + 14 .54 11 B +2
+ 13.61 3 +2
- 18.0% 9 3 +2
2P4P "'
- 19.52 10 2 +&
- 21.49 8 1 +2
- 5948 4 1 +1
2 p=ltp -
- 61.75 ) : | +1

x Error in determination of E = about + 0.8 XV/em.

° The 2P—b§ components were measured from the undisplaged 2P-4s
line, 50%7 X, at whieh point the dispersiop was £6.9 em  /mm.



Table II (Plate #II) Displacements of Components of 2p-4#f (Ortho-

helium) Group from normel 4

line in em~1

Field Strengths % H
B

Dispersion at 471 £ =

Normel 4 line is ¥471.48 I A = £2,357.707 em™t

800 oe

20.3 en~l/mm

Pblnr-'P.im ' isplace- |Approximete | Quality | Probable m values
isatio ment Intensity in
in em~l | Arbitrery glass | Initiel Pinal
Units Tevel evel
x {11504 - 5 ¢ 1
Zp-iis : -
1148.12 - 5 0 +1
ep-p | 235.50 - 1 - -
8 30.0 10 ) 0
2p-ld 28 .82 10 3 +1
«26 433 6 2 +2
=45 .59 il 1 1
2p-Ht t
“49.15 8 3 0
ephs™N +1149.51 - 5 0 4]
ep-tip ¥ 4234 .42 - 5 -
28,0 12 § a |
2p-id -
P 4‘25-60 5 1 _4:2
=3333 g 2 +2
=34 .47 1 2 2
2p-it 4
A4 .03 6 1 +1
4641 3 23 +1
«50.14% 1 5 0
x The fp-lis components were messured from the undispleced 2p-is

line () %713),
2p=-ip line was
was used.,
of 2p-lip) was 21.3 em™) ‘mm.
at 4472 was used, namely 20.8 en™d/nun.

at which point the dispersion was 27.3 em"]‘/m. The
measured from the 4 line but a different dispersion

The éispersion at 5517 (the so-ealled sero field position
The aversge of thie anéd the dispersion
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Table ¥V Displacements of Componente of £7/-4. from the normal

D line in cmul

at several eleetric field strengths.

Polarisation |Line Displacements in om™t
ield Strength| 68.7 T8.8 120.2
n EV/eme.
late number 1 v Vi
45093 - -
2p=lts
506 «9 - -
o o6
284 3549 55
2r-4D 3340 5046
8 + 25.6 3047 -
- 15, 16.8 19,
2r-i# e %
17 .4 18.7 21.9
61.2 66 0 83.5
2 A 65.5 720 9% .0
- 675 - NE.
ep-iis +507 «9 ~ -
296 3349 56 .6
26.9 316 524
2p-4) 24 .4 297 49.5
15.7
1%.5 18.6 28.1
P + 13.6
- 177 -
- 18 -0 19 00 19 .9
2p-47
19.5 203 21.9
21.5 2347 32 .8
59«5 -
2p-§7 82.5
61.8 -




Table V1 Displscements of Components of &p-%q from normal &

line at several flelé strengths.

Polar- | Tdne |Fiels Displacements in em
isation Strength 17 56 o2 70.% | 1161 | 131
in XV/cm.
Plate HNumber| VI1 YiIil ) §:4 11 X
- - - 1150.6 -
?p-l‘s - - - 1148.1 -
2p-hp - - - 235.5 | -
+ 3.7 | 182 18.7 30.0 | 35.6
8 2p=-id 28.8 | 32.8
L 0.4 10-? 1501
£6+3
- 6.1 1604 el e -
EM! i goh' 22'6 PS.S 45.6 -
-12.2 | 2%.9 3148 49,2 | 56.6
2 p=tis - - - 1149.5 -
2p=ip - - - 234 4 -
12.2 16 03 LI 28 00 -
10.0 139 25.6 | 33.6
P
o 5 -
- 6.7 |17.8 22.6 i 4%0.0
45
ep=-hf 19,0 4,0
-10.1 27.6
21.6 6.4

- 30.“ 50.1 5.".3




TABLE VI1 Displacements of Components of 2p-5q from normal 4 line

in om™t

at several field strengths.

Polar- | Iine Displacements in om™t
isation Field Strength
in K?/cm. q‘l 0# 56 o0 6# o0 81
Plate number 1 X11 1v X111
® - ot *5?6 066 -
P=-
e 120 .7 139 .8 i
- - - 133.8
2p=-5p
- o = 121.8
s - - - 117.2
35.4 0.1
o 2642 g 8.6 509
bags ° ®
46 .8
oh,2 | 30.9 | +35.8
- “ - 1,79 -
s 2.31 | 2.98 2.70 -
- p-
4,60 | 7.47 7 .50 8.91
5.94 |[10.81 10.52 | 12.10
31.4 - 52.3 67.5
- 55 «0
34.0 719
ep-5g - 56 01
- - 55 .4 -
- - | -592 | -
2p=58 = - +575.58 | =
- 122 .0 125 -3 =
B 21"5!’ s 119 o8 123 0 -

119.4




Teble VIi (Cont.)

2p=-5d 22.8 | 324 +37.2 k8.8
£.00 | 1.89| -1.90 -
3.44 | 3.52 338 -
P ep=-5¢ - 5.52 593 v
- 6.72| 7.36 o
- 39.6| %43.6 -
o | 7 M
- ~5l.3 e
=3 - - ~78.0
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Tiscussion of Results

No eomplete discussion of the results obtained in this
experiment is possible at the present time as such e diseussion
would require the solation of the high order determinants of
the matrix theory of the problem, whieh time does not permit.
Attempts have been made to sssign the vorreet values of the
quantum number m to the initiel end finsl levels for each trans-
ition. 1t was found, however, on drawing out the energy level
disgram that so meny alternative explanations of each “Starks
gomponent group were possible, that the only number whieh could
be assigned definitely was the "Stark: quantum number of the ine
itial level (i.e. the absolute vealue of the m for the initial
state}. For théae reasone such econclusions as it has been poss-
ible to reach are neeessarily of & fregmentary nature.

Certain géneral predictions of the theory have been
verified. A greater number of eomponents then appear in Stark
effeot have been observed end for some of these components the
echenge in m is eguel to 2. Ko transitions for whichA ﬁ-} have
been observed and this too is to be expected from the theory
whieh dces not involve sush transitions in the first two approx-
imations. Fenee one would expeet thet any lines resulting from
guch ehanges would have a very low intensitye.

A few general obeervations will be stated first, &
more detsiled deseription of each group observed, following.
Photographs of a line group taken at varying fie.d strengths
show that the intensity of the components is guite sensitive
to the eleetrie field. In seversl cases reversal of intensity

of nearby eomponents oceurs for & relatively smell ehange
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in field strength. No tranaitiona from the me+ 3 P levels
in parhelium or from the ms+ 3 f or g levels in orthohelium
have been obeerved, although one might expeet sueh transitions
withAms 2, Thase levels would be unaffected by the eleetrieal
field end henee any lines resulting from transitions from them
would appear at the position of the zero field P,f, or g lines.
No trece of such "undisplaced” lines has been observed on any
of the plates taken.

5015 : {(?S=3P) and 3888 2 (28-3p) These very strong

lines were observed readily but were not measured as the
resulting pattern showed no traee of the effeet of the elestirie
field but wee simply & normal Zeeman patiern. This was expeeted
a8 the nearest level in parhelium, the 3D, is over 100 om™t away
and hence would exert only & very small perturbing foree on the
3P level, while in orthohelium the spacing of the levels for
n=3 is even greater. JTue also to this large spacing the inter-
eombination lines 25-3D, 35 end 25-%d4, 38 were not exeited. KNo
effeet due to the aetion of the electrical field on the final
level waes observed exeept for a slight ssymmetry of the dis-
plagements of the two perpendicular eomponents from the
parallel component.

hopo 2 (2P-4¢) Good analyses of this group have been
obtained at three electrie fleld strengths, renging from 68.7

to 120.2 XV per eme., the magnetie field remaining constant.
The enlargements of these plates are shown in Plates I, V, V1
end the measurements are listed in Tables 1 and V. These
results are shown grephieally in Pig. 3, whieh is a plot of
the éisplacements of the lines from the normel D line agalnst
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field strength. The three horizontal lines represent the
fielde at ihich the displaecements were measured while the length
of the lines represents their intensities. The two polarisation>
are shown seperately, the "perpendicular” lines belng drawn
upwards and the "parallel” downwards. The intensities given
in Teble I were measured from photometer traces while the other
intensities were eptimeted visually. The intensities shown
in the plot are rough estimates of the intensities on & single
plate. The setual intensities on different plates varied
greatly. Por exsmple, the plate with the highest field strength,
Plate VI, wes less intense then the other two and consequently
some one or two ecomponents were not observed. This does not
mesn that they woulé not have been there 1f the intensity had
' been greeter. Again, the inside Stark eomponent of the T line
is shown as having three components in Plate 1 but only one
in the other plates. The existence of the three separate com-
ponents is guite definite but the resolution of the components
is poorer in Plates V and V1 due %o glight verietions in the
eleetrie field.

The sharp series lines 2P-%S show little of interest
except the charaeteristis asymmetry of éisplacement due to
the splitting of the final state, as deseribed sbove for 5015 &.
For this reeson they were not measured in the two higher field
platese.

The intensities of the ¥D, P, and P lines show &
remsrkable symmetry sbout the poeition of the anéisplaced T
line. the line of greatest intensity in each group being the
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least displaced. The P lines in thé parallel polarisation
are an exception to this.

. definite case of aAm=2 transition is shown by the
inside group of D lines which appear in the p polarisation.
For this group the gquantem number of the initisl state is + 2
a8 determined from eorresponding Stark pictares. ALseording to
the seleetion rule for m only two ecomponente are possible,
namely m=+2 - m=+l and m=-2 9 m=-l. Actually three ecompon-
ents appear. Henee a transition from either m=42 to m=0 must
be teking place with & probability just as great as either of
the other two, judging from the intensity of the three lines.

The rapid shange in intensity with eleetrie field
strength is strikingly illustrated by the p components of the
P iine. At roughly 70 IV per em. the intensities of the three
components sre almost equel. A% about 80 EV/em. the intensit-
jes of the outer two components have remained nearly the same
but the inner one (whieh has split into two lines) has dropped
considersbly. At 120 EV/em. the outside componenti is very
strong while the other two whiech appear are very weak. To
variation of magnetie field strength wes atiempled.

e ¥ (2p-liq) Good enalyses of this group have been
photographed at five field strengths, the elestrie fields being

from about 17 to 131 XV/em. The enlargements are shown es

Plates 11, VII - X« The results are tabulated as Tables 11 end
Vi. These results are shown graphically in Pig. % where the dis-
placements are plotted against field strength. The displase-
ments are measured from the normel & line. The plate with

the highest field strength, Plate I, was very faint,
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The exposure time was only ten minutes after which time the
disecherge tube broke down.

Another example of aAm=2 transition seems definite
in the inside of the 4f line strusture. These components are
due to the initial levels for which ms + 2. A8 in the Yoze
T line only two components are possible sosording to the sel-
ection rule m= 0,+ 1 and both these eomponents should appesar
in the "parallel” polarisation since m= + 1. (This “parallel®
polarisation is sctually perpendiculsr %o the eleeirie field
and the "m* veetor is guantized reletive to this field,) Hence
the fsint line whieh appears in the perpendicular polarisation
muet be due to a transition for wl;ia-h m chenges by more than l.
it shonld be nctieed that this faint component is weakened by
higher eleetrie fields end does not appesr at fields of 70 KV/eme
and over. This is perhaps to be expected as higher eleetrie
fields correspond to & sloser approximation to Stark effeet for
whieh the selection rule for m holds.

The aymmetrisal intensities about the undisplaced
4 line are not ss resdily noticesmble as in the %922 group but
ean quite definitely be seen in the T ecomponents. The é line
behaves peeuliarly with respeet to intensities as well as to
displacements in the Stark effeet ané this eppears 1o be carried
over into the sase of erossed fields. The strong outside com-
ponent comes from an m=0 initial level. It oan be seen that
this eomponent ie moving in eloser, relative to the other com-
ponents of the seme line. This agrees with theory and aceording
‘te Foster's results for high fields this component grosses over



the others eventuslly. The p components of the line show an
interesting variation of intensity with field. The inner com-
ponent starts off with a small intensity relative to other and
as the fleld ineresses the intensities become more and more
alike., For some reason this inside ecomponent did not appesar
at the highest field. As explained above, due to the faininess
of this plate it is not safe to assume that this disappearance
is of resl significance. The intensities of the 4p lines,
while more regulsr, are also interesting es an exsmple of the
rapidity of varietion of intensity with field strength.

ggss ﬂ (2P-5¢ ) This line group, the next in sequence
to 4922 in the parhelium @iffuse series, is & rether faint line

and while aame‘traaea of its eomponents were observed they were
consiiered too faint to measure.

4026 £ (2p-5q)  The photographs obtained of this line
were not 2o good as the photographs of the iwo mein previous
groups. The prineipal reason for this wes thg faintness of
the line. The four plates illustrated as Plates III, XI - II1I1l1
were exposed for six to tem hours and it wes diffieuit %o meln-
tein the electric field steady over this long period of time.
The line B472 appears on these plates and serves to give & gheck
on the stesdiness of the field. This is useful as even Plate 111
for which the elestrie field is fairly steady, Judging from some.
ecomponents, shows some components whieh are badly smudged. it
seems possible that thies is éue to the fine structure which 1t
wae possible to negleet completely for the previous orthohelium
‘greap. 472, At %026 the seperation of the fine strueture

normelly shows up &s a doublet of separation about one reeiproesl
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om. It is surprising thet this was not resolved for the
unéisplaced line in the comparison speetrum. On the seme plate,
however, is an analysis of the 3965 group whieh is a parhelium
groupe For this gromup there is no fine structure and henee
one would conclude that veriatione in eleetrie field strength
had oseurred, This is in contradietion to the other sharp ecom-
ponents some of which are guite widely displaced. Further work
is neeessary on this line group and also on the 3965 group which
is in the same region.

The measured results are tebulated in Teblee 1I1I and Vil.
Tue to the poor quelity of the results for thie line group no
displecement - field strength graph wes construeted. 1% does not
seem possible to make any generalizetion about the intensity
relations in this group such as was possible with the two previous
analyses. The most interesting phenomenon revealed by these
plates is the symmetricel structure of the g line in the s polar-
isation on Plate I1l. This lo Surdo-like pattern is diffiemlt
to explaein but some tracee of 1% appear on the other plates as a
symmetriesl broadening of part of the g line so it seems probable
that it ie a real effeect. It may be that the partieulsr range
of values of the elestrieal field on that plate is eritieal and
thet the slight varistion of field along the line is encugh to
eanse & large splitting. This is quite unexpeeted as the behav-
iour of the g lines in Stark effeet is quite normal, being almost
linear at that field strength. The componente of the 2p-5p eom-
binstion line also show very euarious beheviour at different eleet-
rie field strengths. The displacements of the components on the
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different plates do not agree at sll well with the values of
the Stark éisplacements or even smong themselves. For example,
there are a larger number of vomponents on Plate X111 in the
perpendiecular and their displacements sre less than on the
other plates although the field is higher. The possibility of
a misidentifisation seems small. The field strengthe on the
verions plates were éetermined from the 5f and 5g lines and
on each plate the velues obtained from several “Btark' eom-
ponents were quite consistent.

3965 £ (2s-%3) It ie unfortunate that olear

pietures of this line group were not obtained, as due to
the simple unsplit final level, the interpretation of the
resulte should be more straightforwerd than for any other of
the l.ne groups photographed. In addition to this, they
should serve as & key to the snalysis of the 4922 group which

heg the same initial levels.

Only one plate was obtained whish showed the eom-
bination lines 25-4D and 25-4F et ell, and these lines were
go feint that it is unlikely that all the components are
showne

An enlargement of this group is shown in Plate IV
with an seccompenying photometer traee. The combination lines
were too faint to photometer. The measuremenis are shown in

Table 1IV.
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gggggg;aon with the Results of Former Chbservers
As fer as is known to the writer the results of only

two other experimental investigations heve been published.
They have already been referred to.

Foster (6) worked at low elestris fields only. His
results, asymmetriec intensities and displeecements, sensitivity
of intensity to small varistions in eleetrie field strength,
and highly complex strusture for éiffuse and fundamental series
lines, heve sll been verified by the present investigation.

e stated that the displecements of the outside componente of

the eomplex lines show e higher then normal splitting. FHe
coneludeé from this that trensitions for which m was greater
than one were oscurring. An slternative explenation is that

the magnetie separation of the final levels wae apparently

edded to the width of the line as was mctually obeerved by the
sriter for B472 at e field of 17 KV/em. Whether Poster's explan-
ation of the line width which he olbserved is eorresct or nof,

the existenece of transitions for whieh the m seleetion rule is
not obeyed is now established definitely.

Steubing and Redepenning (7) also worked at lower
fields bat tried high field strengths as well. Thelr resulis
are largely at variance with those of the present report. The
most serious difference is concerning the sharpness of the com-
ponents at higher field strengths. They report that almost all
the helimm lines whieh they observed became diffused et high
elestric fields and faded out et times. This broadening of the
lines ie quite definitely &ieproved for the 4922 ané 4472 groups
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and for the sharp and prineipal series lines observed in this
experiment. The results for 4026 and 3965 might perheps be taken
as evidenee for this pesuliar effeet but it seems more likely to
the writer thet some suech explanation as & verying elesirie

field ie the sorreet one. Thevfading out of ecomponente which
they report for most lines hes been observed for a few compon-
ents in this work, but the majority of the linee which they say
disappear at field strengths of less then 100 EV/em. have been
observed to be gquite sharp at fields up to 120 KV/eme.

inother point of eentention is their report that the
sharp and prineipsl series lines show & complex structure at
high electrieal field strengths. Sueh effects were actually
observed by the writer and were chown to be Gue to the electrical
field bresking down periodically, causing daplication of the
ZYeeman pattern. This effeet d1d not appeer at any time when
the field wes meintained steady throughout the rune. This fact
would suggest that the broadening observed by Steubing was due
to veristions in the eleetrie field whieh they could not note
on their regulstion epparatus. They had a dispersion of only
Bel8 x/nm. and with the low dispersion a slight variation in
field strength wonld be suffieient to smudge the complex group
of ecomponents for the diffuse and more eomplicated series.

A relatively minor point but one perhape worth men-
tioning is the colour of the discharge. The esnal ray discharge
was a green solour, aecording to them, which indieated that the
perhelium speetrum was being enhanced by the magnetic field.
They do not state, unfortunately, the gees pressure at which they
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operated so that their conditions may not have been similer.
In the present experiments, however, the colour of the eanal
rey diseharge was & elear blue white end the parheliam
gpeetrum wee not enhaneeé. If anything the orthohelium
spectirum was slightly enhanced.

One laet point of difference is their statement
thet the prineipal effeet of the msgnetie field aels on the
polarisation for which the m veetor is parellel to the
elecirieal field. This is not borne out in any way by the
present investigation for lines for whiech the magnetie effect
is smell eompeared to the eleectrie whieh are the sases %o

whieh they refer.
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