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The St3.r~: effect for ar c lL18 8 of si l ve r cLus t.e r-ed r-ound t118 diffuse

series member s

been exani.ned in det ai.L Hi t h fie lds Ul) to 50,000 voLts 'Je r cent.Lmet.er-,

The observati on of sever-al. prevl ouaIy unreported I L le conponent.s a~peo.r

to comp.l.et e the anal :rsis of the s r oEps inveJti s ated e.nd ta correct the

in-cerpr e-G2.ti ons of earl-Ler expe rdnerrcs ,

rl~' l' . i -'- l' 1 7?:' o(?-n_ne . i L u <'___ -.- , 1..> ,

~

and L/ "'F t.erms have ne ar'Ly t he sane effective

zooc: n.cre8I!l81l"G ,;Ji th exper-Imerrt , I n a lu e :'1 field élPllroxi.::lation, the hi ;3h

and Lov J- vélllJ_e Lerrns of the ini Ll al. st f:.tes ar e assoct at.ed 'di th line

cr oups whi ch have Lndependerrt disrllacenents and :ilay even cross each ot.her ,

One auch cros ai.ng has beon observecl . The Lov J set ofterm.s pr ovicles

patter ns d û ch i::i~e different f'r-o,n the ' :i.10rDéÙ' pat.t.er ns be c auae of their

.. s li::;ht iFmrover'ent i s r eal.l zed '.ô.th the use of l.Je3J:-fiel(~. i nt er-

act i on t.erms , t he ;:lai.. ::l r e vel 0.t i on beins the close scre81'lent ,·ri t h exp er.lmerrt

',·il1..i. cl1 i s f'ound in bo t .h 11.1. [;h ,')r 1 01: field con ai.der-atd ons ,

'l'he ca'Lcu.Lat.ed i nt ensi t.Le s ~"re i n cood ~:uali t 2tïve a:.:;reei'lent '.rLt;ll

t.hoae observed .
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I. INTRODUCTION

This thesis deals primarily with observatiohs of the Stark effect

on a rather uncommon arrancement of neighbo~ing doublet terms in the

arc spectrum of silver. The aim of the research was to resolve the

inco~sistencies existent in earlier investigations and to provide an

extension to the apparently incomplete experimental data. This was

essential to any illlderstanding of the part played by the electron spin

in determining the Stark patterns. The new data has made possible the

realization of this objective since the new components appear to complete

the analysis for the groups concerned.

The doublet terms are all near the illlresolved 42F5/2, 7/2 doublet

with an effective quantwll number very slightly less than fu~ integral 4,

and are categorized into the two groups of 72Pl/2' 62D
J/ 2, 42F5/2 terms

and 72P
J/2' 6~5/2' 42F7/2 terms. The perturbations on these six terms

are di splayed in L:> Surdo photographs of the line groups around the

normal spectrum lines at ~\ 4055.48 (S2PI/2 - 62DJ/2), 4212.32

(52P3/2 - 62D3/2), and. Ly210.96 (52P3/2 - 62D5/ 2) .

On the basds of a fe\.J simple Ldeas , it has been possible to under-

stand the departure from normal Stark patterns as displayed by the first

group of t-erme (Lover J values), and to calculate the displacements and

intensities of al.L Li.nes ,,-,ri. th a rather surprising precision.

Under the high field conditi~ns (which clearly exist for the majority

of the interactions), it is assumed that the electron spin, now represented

by the quantum number !.IS' is aligned along the direction of the electric

field by the magnetic field due to the component 1:11 of the orbital angular

momerrtum such that !liS continues to oppose 1';1 in the Lover J ocnf'Lgur-at.Lons
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same clir ec t i œl Ln t he -cer.'] ::> of hi~her J va'Iues ,

inc3ep8nclc~1t. sets of interD.c~.L1~ G8rnS, t.hoae Hi th the high J value of

each doublet 8Y1G. t.ho se havl ns the l m! J val.ue s , Each zroup of t en us

SiY:c e i t is Lndi.cat.ed t hat the L'li t i a l t erms ar e appr oxi.mat .eLy

h:rdr oce:ai c i n :'lD.t'..'.I'e , the di splf'.cenents ar-e c al.cu'Lated b:r 1.1.8i n(; t he

of e t.us.l 11.

the I'acc the.t :'~1 al l c as e s t he cal.cul. at.ed di. sp.lacemerrts ar'e ,·ri t hi n a

froc tJ.o;l of D. r-ec.l pr oc al centineter f'r-om t he obs erved val.ueu ,

O':!i n::; to a boc l~~l·O '.E,-d arisi n~ f'rom foreis n [,as e s us ed for t he

e::~cH,o.tio~l of the s i l ver Ltnes , i t lia s t.hus f ..,.r been f'ound I ripos s.i bl.e

to mak e siGnific8.Jlt measur emerrtn of the Lnt.ens.ltde s , The cal.cu.Lat. ed

Lnt.ens i t ies are based on '~,lle t heo:-et i c 1Ù d.i spl.acement.s and t he appr op-

r.l at.e inte~lsity f act o:c"s represent:i. n::; the Ze e::ilo:.l co.aponent.a i n the !:uü t i pl e t

spect.r-un, The c al.cul.at.ed i nt ensiti e s are , n.t Le ast , i n very [ ood (~us.li -

tat,i ve 8.::;reem.ent Hi t h t.ho s e obs er-ved.,
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II. HISTORICiû, BACKGROillm

Since Stark(l) firet discavered the effect named in ~is hanar, a

great number af investigations into the effect of an electric field on

the spectra of many elements have been 'c~rried out.

Of these many elements, the at omic spectrum of hydrogen has received

the illost thorough analysis, bath e}~erimentally and theoretically. The

wave-reech~~cal treatments of the Stark effect in hydrogen, gi ven in­

dependently by Schlapp(2) and Rojans10J(J), and including the relativity-

spin fine structure, are regarded as Ei ving the conplete theory and good

agreement vdth li~ted experimental detail - includinG the first, second,

and third arder effects. These complete treatments superseded the very

early theories for hydrogen by Epstein(4) and SchHarzschild(5) in ,terme

of quantized orbits, and by Epstein(6) and SChrodinger(7) using the per-

turbation theory in quantum mechani.e s - all of uhi.ch seemed to give the

correct first order effect; but through neglect of relativity-spin, failed

to establish the connections betveen fine structure and Stark effect first

described by Kramers(8).

Second o~~y ta hydrogen in the completeness of its analysis, is the

Stark effect in the helilL~ spectrum. Foster(9) investigated the effect

on several line groups of parhelium and orthohelium and succeeded in not

only establishing the normal Stark effect line patterns of the different

series lines, but also in applyin~ the perturbation theory in quantum

matrix mechanics ta give t he line displacements and intensities in very

cood agreement ,dth experiment.

For the r-emai.ni.ng e.Lenent.s t he Lnveatdgat dons have been largely of

an experimental nature only, ~,dth the exception of sorne quantum meche.nical

attempts at treatment of the ane-valence-electron spectra of the alkali

ato!ns.
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The first research into the effect of an electric field on the arc

spectr-um of silver vas carried out by 'I'akami.ne (la) in 1919. He observed

the line displacements for the members of the chief sharp and diffuse

series of lines in the spectra~ region tv\ 3680 - 4670 at fields up to 56

ki.Lovo.lts per centimeter, and noted similarities 'T;lÎ th the effect in helimil

as evi.denced bJT the relatively complex structure appearing round members of

the r.ormal diffuse series, the uni-directional displacements of the sharp

series lines, and the appearance of what he termed 'detached components'

near the diffuse series lines. Since a complete classification of the

silver spectrum terms was not available then, Takamine could not assign

series notation to the new detached lines that he observed , Ir. the ',i--

and cr -Lmages of the line gr oups around the normal diffuse series lines

at "),. 4055, and 4210 - 4212 he observed a total of 2 and 3, 3.a..n.d 4, line

components respectively.

Further work on silver, at much higher field strengths in the range

of 140 ta 220 tilovolts per centimeter as developed in ar. arc discharge,

was done in 1924 by Nagaoka a..n.d Suguira(ll). Their investigation did

not reveal any components not observed by Takamine and served only to give

displacement measurements at a higher field for several of Takamine's

components.

The most complete analysis of the components appearing in silver was

that given by Fujioka and Nakamur'a (12) in 1927, wher-e they attempted to

classify the components observed ~J themselves and Tak~ine in the light

of Fowler ls(13) recent classification of the terms in the silver spectrum.

Their experiments did not reveaJ. sa much detail in the tt- and cr -images

of the groups at )0\ Ll055, /+212 - 4210 as 'I'akami ne had found , Insofar
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as the number of components found, their classification of the detached

componerrte noted by 'I'akamine as originating in idtial ;. and 2p states

was correct. However it ~ras now obvious that the total number of com-

ponents observed seemed too f'evr for a complete analysis on the basis of

Kremers' association of the line components in the Stark effect "dth the

fine structure levels in an atoll and Foster's work on the line patterns

in the helium spectrlli~.

The remaining investigation into the et'f'ec t in silver is that due to

Snyder(14)(1929) on the ~ 4055 a~d 4?~0 - 4212 groups, in which he found

a total of only 2 and 3 components in the 1",- and (J -images respectively

of both line groups. lüs resultant classification was in radical contrast

to that of Fujioka and Nakamura, a..l1d introduced confusion by way of an F

term near the 2D level which gi ves rise to the 4210 line, a G term near

the 2D level e:;i vine rise to the 4055 line, as uell as di.scountd.ng the

existence of any components in the 4210 - 4212 gr oup as originating from

an F term near the 2D level whi.ch is the initial state for the normal

421.2 Li.ne,

The many inconsistencies and apparent lack of completeness existent

in the Sterk effect in silver was closely paralleled in the analyses of

the terms in the normal spectrum of silver, until Shenstone(15) performed

a careful and complete classification of the spect.rum in 1940. Previous

to this very valuable work, term classifications of the silver spectrum

in the region of the 62D levels not only gave different values for the

separation of the 62D doublet, but disagreed \ddely on the positioning

of the unreso.l,ved 42F terme As gi ven by Fowl.er and by Bacher and Goud-

smit (16), the 42F term is baLow both 62D levels in an ener'gy level diagram,
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wr~le Fujioka and Naka~ura place it between the 620 levels and closer

to the lm-rer of t hese, as does Shenstone. Again, t he separation of this

QDresolved doublet term from the 2D doublet terms in reciprocal centi­

meters is not the same for any of the above four level schemes.

To claxify the notation and values used in the present work, it is

not ~iss to mention here that the relative positions of the 42F and

62D terms were found to agr ee \4th the classifications of Fujioka and

Naka~ura, while the absolute separations of the teTI1S were in very good

agreement Hith the values given by Shenstone. Oorisequent.Ly the class­

ification and separation of the terms used in the analysis are t aken

from Shenstone.



-7-

1. Discharc-e Tube.

Discha.rG'e Tu.OO. The di.scharge t ube , of the 10 Surdo type as modifi ed

by Foster, (8) is best described vu t h reference to Fieure l on Page 8.

The elements of the tube ar e contained in a pyrex-gl.ass enve'Lope

of 34 centim.eters total Lengt.h, The al.uml.num anode (..i-l. ) is suspended

in the upper portion of the t ube, this portion includinc practically

all (the positive column) of the lensth of the discharge and being of

tions at a minimum. Easy aCcess to the anode, for purposes of cleaning

or al ter at i on, iB provided by the lar;e cround-slass joint (J).

The hlgh electric fields obtcined in a 10 Surdo tube are established

in the very short cathode dark space i:m:nediately above the surf ace of the

cathode and consequent.Ly i t is this portion of the tube vhi.ch is of maj or

i nterest and whi.ch recluïres the utmost care in constructional details.

The silver cathode (C), which fits snuSly into a cylindrical plue of

I nvite (L), has a very lüghly polished surface and is slightly reduced i n

dfamet.er at the top so as to leave an annul.ar space about 0.25 :Tl'1l. 1rJide

betveen the cathode and surroundin.:; Lavi, te va'Ll., This space is desi[:ned t o

prevent br-eakdovn of t he electric field by keepi.ng the cathode from comï.ng

into contact va th the sput t er ed cathode met.al, '.-Ihich collects on the lavite

val.Ls , That present-day des.l gns of La Surdo tubes have an increased life-

tinœ and more dependable operation is mainly due to the use of lavite vith

its numerous advantage s , l.!hen i n the unfired state, the Lavi.be is soft

_ _ _ _ _ _ _ ----and ~si_Iy-machined---to-the -reqttired-speC±fi-caticms-; -.;lsli~-(S},of-wïCftn -- -- -

(0. 25 - O.L;O mTn.) sufficient t o fill the spect.rogr'aph lJn.t h Li ght , and

of Lengt.h (3. 5 - 4. 0 :J1"1l. ) Ruf fi ci ent ta i nclude s Li ght.Ly mor e than the

length of the dark space, is eut throLl::;h t he Hal l of the lavite
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and the light from this slit is the source of light for the experiment.

The vertical hale through t he Lavi. te, whi.ch collimates the discharge, is

drilled off the vertical axis of the lavite pl.ug , Thus new portions of

the cathode surfa.ce say be exposed by a rotation of the cathode. The

lavïte, after havine been prepared and carefully polished, is fired at

1000 - 1100oC, whereupon i t becomes ver'J hard and is an exceptionally

good insulator. It is then sealed in the tube, a very good seal being

possible because of the closeness of the coefficients of thermal expansion

of pyrex-glass and 1avite. This seal prevents the discharge from by­

passing the mai n èischarge track. À side-tube (T) allows passage of the

light from the slit to t he spectrographe

The cathode threads into a steel holder (H) and is locked into

po sition Idth the lock-nut (N), which abutts against the lower end of

the lavite and thereby holds the cathode surface a fixed distance back

from the lavite. The holder is attached t o the al.umi num supporting rod

(D) by means of the steel sprLng (E) and the steel pin (r), whi ch combine

to gi ve the entire supporting system a small degree of flexibility ta

compensate for any bending of the glass tubing away from a vertical axis.

The lower end of the supporting rod earries an O-Ring (R) to complete the

vacuum seal.Lng of the tube and is also threaded to t ake a knurled nut (K)

which rests against the 10we1' rd.m of the tube envelope and thereby al.Lovs

the entire eathode-suppo1'tir· g system and cathode to be drawn back by known

amounts if so desired. The cathode is erounded vIÎth a lead attaehed to

the end of the suppo1'ting rod and, as mentioned before, can be rotated

simply by turninc tbis rode
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The tube is attached to the vacuum system by means of the t\-lO ground­

glass joints (V) wpich allow the tube to be rotated about a vertical axis.

Horizontal and vertical ~otlon of the tube are also provided for by sylphon

bel.l.owe incorporated into the arme connecting the tube to the main body of

the vaCUQ~ system.

2. Spectro rrraph. The spectrograph used in tbis research is 07: the

multiple-prism type and ~a modification of the one designed ~ Foster(17)

for investigations o~ the Stark effect in the visible spectrQ~ ranee. The

design is such as to provide the major requirements for a fine Stark effect

anal.ysd s : hi.gh dispersion and resolving pover-, a reasonably "fast" optical

system, ffi1d a riGid TIountinc for long exposures.

As lised in the present investigation, the spectrograph comprises a

train of five "coatied " flint-glass prâ sms 'Yrith faces 2.25 inches high by

~.•O inches V/ide, and tvo achromat.Le lenses of L~5 inches focal Lengt.h and

3 inches aperture as the collimator and camera lenses.

The light passing thro~gh the lavite slit i5 focused on the spectro­

graph slit by a condensing system of two achromatic lenses, the first lens

being placed at its focal dist~'1ce from the lavite slit and the second at

its focal distance from the slit of the spectrographe Since in the tra..'1s­

verse Stark effect, the radiation emitted by atoms affected by the electric

field is plane-polarized either parallel or perpendicular -Co the direction

of the field, a Hollaston prism is placed between the two condensing lenses

so as to separate the bea~ of lighG from the source into its two component

beams - one of each po.Lar-i aat.i.ori, The second condensing lens thus focuses

two separated images of the lavite slit on the spectrogTaph slit, each

image being lnagnif i ed 3X because of the choice of the focal lengths of



-11-

the condensing 1enses. Here6.fter the parallel and perpendicular polar­

izations Hill be denoted by the usual, shortened notation of :T- and a-­

polarizations respectively.

The use of two lenses for the condensin~ system offers two advantages

over the use of only one, the chief of tllBse beins a minimQ~ of chromatic

variation introduced in the t1tlO polarized images because the light incident

on the ~';ollaston prism Ls very nearly parallel over the range of waveLengt.hs

used. The two lenses also provide for a const~~t image magnification of

the order of 3X wlule re~uiring motion of the first lens o~y to focus tl~

source of light.

The intensities of the tHO polarizations, as received ut the photo­

grapllic plate, are enhanced by the use of two quartz wedges placed at the

spectrograph slit. The ~ollaston prism, while separating the two polarized

beams , make s the incident ang'Les of the light in the two images on the

spectrograph slit such that the light comprising each image does not

completely fall Hithin the limiting corie in whi ch light t,.rill be received

by the collimator lens. The angles of the t"olO wedges, whî.ch are identical

geometrically, are such that when they are placed nt the slit of the

spectrograph the light of both i~2~es is refracted back towards tl~ axis

of the spectrograph, thereby increasing the a!llOunt of light accepted by

the collirnator lens from each image. The wedge used for the q -image is

of fused quartz and thus enhances the intensity of this image only as

mentd.oned, but the use of crystal quartz for the vedge in the case of the

'j'i-imaGe makes possible a furt.her increase in the intensity of thi s Image ,

This further possible enhancement cames about from the fact that the tvo

plane-polarized beams of Light are incident on. the dispersing prisms of
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the spectrograph at angles ve~J near to the polarizing angle, ~âth the

result that the light forming the cr -imaee is mainly refracted while a

considerable percentage of the light in the 1r-polarization is lost by

reflection. The crystal quartz wedge rotates the plane of vibration of

. 0
the electric vector in the 1i-polarization t hrough an angle near 90 ,

thereby pernrl.tting the light forming theil-images to pass throuCh the

dispersing prisms as la' polarization with consequent low reflective

losses.

The camera plate-holder can be rotated about a vertical axis to bring

most of the spectral lines on the plate into good focus at the same tiree,

~~d can also be raised or lo~ered for purposes of taking several exposures

on one plate.

Plate II, Page 13, shows the entire experimental arr-angement \-âth

the spectrograph in its nOrLQal position, while the condensing system can

be se en in the close-up of Plate I.

3. Vacuum System. The evacuation of the discharge tube is accompli shed

by a mercury diffusion pump backed by il mechanical forepump. The mechani.cal,

pump can be tl.lrned out of the system upon completion of evacuation, and the

tube filled I-dth the desired mixture of gases from reservoirs of He and H2

contained in the vacuum line, or vdth air trapped in the 3 liter ballast

vollli~e. The pressu~e attained in evacuation is read from a tilting lfuLeod

gauge in the system, t~is gauge also providing for measurement of the Gas

pressure ta which the tube is filled.

Il charcoal trap immersed in liquid nitrogen is al.so included in the

VUCUli.lJl line and aids both in evacuation of the tube and (except '.J'hen air

is used ) in malnt.edni ng the purity of the gasea in the discharge t.ube ,
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The mercury pump is designed ta operate at pressures of a few

millimeters of mercury and ca~ therefore be used to provide a continuo~s

circulation of the gases through the discharge tube and the charcoal

trap.

The vacuum system is shovm in Plate I.

4. Pm·ler Supply. The D.C. power supply is designed to supply a maximum

of 50 millia~peres at 20,000 volts. 120 volt-60 cycle alternating current

is supplied to the primary of a high voltage transformer through a con­

trolling Variac. Ful.L-wave rectification of the output of the transformer

is supplied by two 8020 high-vacuum rectifier tubes, the ripple voltage

being reduced by a sinele-stage choke-input filter. A bleeder resistance

of 800,000 ohms provides continuous current through the ind.uctance for

normal operation. In the range of voltages used, the percentage ripple

voltage is of the order of one-third of one percent.

The voltage applied at the tube, and the current dravn by the tube,

can be read fro~ a moving-coil voltmeter and an ammeter in the output

circuit. If necessary, this voltage is maintained constant by manual

operation of the Variac in the primary circuit.
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IV. EXPERUŒNT.U, PROCEDURE ..lND RESULTS

1. Adjustment of Spectrogranh. lm iron arc of t he Pfund-type was con­

structed and used for the adjustment and focusing of the spectrographe

The dispersing prd.sms were set for minimum deviation of the iron

line !\ 4132.06 at the geometrical center of the plate, and the camera

was focussd photographically using a Hartmann diaphragm in the usual

manner ,

The quartz wedGss before the spectrograph slit were adjusted by

visual observation of the imaees received at the camera when the 10 Surdo

tube was i n operation.

2. 012eration of 10 Surdo Tube. The silver at-oms for Lnve std.gatd on were

obtained from the bombardment of the silver cathode by the positive ions

of the carrier gases in the tube. The cathode was drawn back from the

1avite by 0. 25 - 0.33 millimeters, and for steady operation of the tube

it was fo-xnd that the strict re~uirements of cleanliness and hicih polish

of the cath)de and l avite surfaceswere also applicable to the condition

of the anode. A small coni cal pit, wi th a di amet.er- the order of that of

the collimating hale in the lavite and a depth of the arder of one roilli­

meter, Ls formed in the cathode durd.ng a normal exposure , This necessitates

a rotation of the cathode after one or t'Wo exposures, b~t it is aremarkable

feature of the tubes that whi.Le this pit i s being formed duri ng an exposure ,

with undoubtedly a conse~uent alteration of the eçuipotential lines, there

is no noticeable shift of t he electric field as seen on a good quality

photOGraphie plate.

The operating Hfetime of the tubes was gener all y limi ted by the

sputtered silver either colleeting on the lavite walls and eoming inta
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contact with the cathode, thereby breaking-down the electric field, or

callecting in the Iavite slit and thus cutting off the light.

The tubes were fillecl Hith a mixture of helium and air, or helium

a~d hydrogen, ta total pressures ranging from 2.2 to 4.2 millimeters of

mercury. If the partial pressures of the hydrogen and air vere respectively

greater t.han ]0 or 40 percent of the total pressure of the ml.xture , the

tubes became rather highly conducting and qQite 1L~stable. Bath mixtures

_ were~s~d_sinc_e_each- of'f'ened. an -advant.age œot- pos-se~sed- byrt.he -ot her .- The - - - ­

helium-hydrogen mixture yielded plates on which fewer foreign lines appeared

in the neighborhood of the silver line gr oups to he measured, while the

use of the air excited the si l ver spectrum to gr eat er bri[htness. :-illen

air vas used, the cathode gl.ov in t he tube was a bright green in color and

the silver lines were visually observable at the camera.

Three different diameters (1.5, 2.0 and 2. 8 millimeters) of the

collimatine hole in the lavite were used, t he intermediate value being

most used as the best compromise between the high field - weak intensity

and low field - st r ong intensity r-eLatd.ons obtained Hith the smaller and

larger diaœeters respectively.

The applied voLt .age on the tubes r anged from 4.0 ta 6. 5 Idlavolts

and se l dom fluctuated by more than two pel' cent, while the currents dra~l

were between 2. 0 and 6.0 milliamperes. The voltage-current characteristics

were largely dependent upon the diameter of the lavite hale and the pro­

portion of the Gases present.

Exposures vaired from ten minutes ta ti-lO hours and the normal, lifetime

of a tube was usuall y of t he arder of four or fi 'le exoosures ,
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3. Heasurement of H&teWi. li. total of 29 photogr-aphs of the spectral

region betveen M 4000 - 4600 vIere taken on Eaatznan Kodak Type II-Q

Spectroscopie Plates. Of thistota~, three plates oost combining the

features of sharp facus, maximum resolution, suitable intensities and

steady fields, were used for accurate meaS1ITement of the displacements

of the silver line component~. Several plates, whi.le not of a suff'Lcf.ent.Ly

high quality for accurate measurement, yielded much valuable qualitative

information. One sueh plate, taken vIith a considerably higher field .t.han

normal, gave vi sual confirmation of an interesting result indicated b:JT

bath the experiment and theory, alld vIill be mentioned in the following

chapter.

The plates were measured on a Gaertner travelling-microscope comparator

which has a least count of 0.001 millimeters. The comparator was first

checked and f'ound to be free of periodic error vIithin the Hmit s of experi­

mental error. Errors due to backlash in the instrument and to systematic

error of the observer were avoided by always travellinG in the same

direction vhen maki.ng any one set of measurement.s, and by mald.ng a total

of four settings, two in each direction of microscope travel, on each line.

Dispersion curves, in units of reciprocal centimeters per millimeter

of plate, were dra~m for each plate measured, notin~ that for the small

regions over which the dispersion was needed, the effect of line curvature

vas ,·Ii thin experimental error and the dispersions vere linear yJi thin

experimental error, which was of the order of one-tenth of one per cent

for the plates. Âs t~cen from one plate, the dispersions were 25.96,

21.90, 13.57 and 17.14 cm.-l~mn. at Hy, À 4210.96, Rb and ~ 4055.48

respectively. The Unes on the plates used as st.andard lines for the
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dispersion deterr,1inations, ,-Jere the lines of the secondary hydr-ogen

(18) .
spectrum measur-ed by Gale, Horù: and Lee, and the mercury and helium

lines as li sted in the H. 1.T. ~. Javelep.gth Tables. Conversion of the

wavelenctho of aIl lines into reciprocal centimeters was done with the

Bost recent and thoroueh determinatioD of t he refractive index of air

as given by Barrell and Sears. (19)

The field strengths were accurately deterroined from the measured

displacements of the lines HY and H~ appearing on the plates. The

presence of these t"'lO lines, widely separated on the plates, made possible

the eliminatio:1 of error often encount.er-ed in the measurement of La Surdo

plates due ta chromatic variation al.ong the plate (as discussed by Iskida

and 'I'œnura (20)) and enabled the setting of the plates such that al.L

measurements were ~ade ut one field strength.

4. Experimental Results. The absolut e uélvelencths of t he rnembers of t he

second cr oup of chief diffuse series lines in the silver spectrlLQ 2re

gi ven by Shenstone and the II. I. T. ~{aveleneth tables as iJ\ L~212. 817,

4210.960, 4055./+76, and M L:.212.6g, 4.210.936, 4055.264 r'espectdve'Ly,

The differences, particularly for I\À 4212 and 4055, are considerably l arcer

théln t he lim:it s of experiment&.l error at t ainabl e ui th the present spectro-

~raphic equi.pmerrt and co risequent.Ly the "ravelencths of the t'ï.-TO st.rongee t

lines Fere n easur ed on a '::;OOG qual.Lty plate, usinS the waveLen gt.hs of the

secondury h~Tdro;:;en lines O~1 the plate as sufficiently accur-at. e standards.

The measurement .s , 'ï.·Jith probebl,e error, c ave 1'4210.947 ± 0.010 and

';-.1!-055.1;.79 ± 0.013 - i n very close aGreement Hi th Shens t.one ,

On anot.her plate the ratio of the me asur ed separation of 1-.11.4210-4212

ta t hat of 1-4210 and the line suspect.ed as oric;inatins i n the unresolved
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.) .
i...''''F level :-Tlelded s. val.ue of 1. 21, whi.ch "TaS Hi thin probable exper'Lnent.al,

error of the figure 1.19 obtaî.ned uei.ng Shenstone's tabnlated waveLengths ,

Still further close acreement "rith Shenstone "TaS revea1ed in the

~ 2 2 2
vave'Iengt.hs of the 5'<::PJ/ 2 - 7 P3/ 2 and 5 Pl/2 - 7 'Pl/2 combi.natd on lines,

calculated from the ter~ classifications as '~227.L6 and ~4082.25, and

raeasured in very lou fields to be i~2 Zl.41 and 1-..4082.5 respectively.

":i8 a resul t of these very [ood experâment.al, agreement.a, Shenstone 's

anal;ysis of the silver spectrum vas used in this research. The t.erm

clc.ssified in ht s anal.vs i a as /+2F in reclity consists of bath the 42F

levels l:Jin[ very close together, this beine c.Lear'Ly shovn by the f'ac t

t.hat fi ve Stark line components oricinate f'ron the 42F positian at zero

field - a pattern impossible of production by one of the levels al.one ,

This is one of the feH cases in atomie spectra uhere the Stark effeet is

~ost useful as a tool for term a~alysis.

The neasur-e.nent.s of the displaeements of the silver line conponent.s

are recorded in Table 1. Eean deviations of the r eadi ngs lie in the r-ange

from

0.10

~ -1
0.0, to 0.20 en. "ri th the majority havi.ng a mean deviation around

cm.-1 Excludin: tuo mecsur-ement.a made on the 52p]/2 - 72P
J/ 2 line,

measur-ement.s at severi field strencths "lere made for each of the ',.-- and a-

imases of the t lTree 1ine sroups. The fields civen f~e the mean values of

the fields det.erml ned at Ey and II:) and shoul.d be [;ood to the order of o"'1e­

haLf' to t'la pe'r cent, beins partdcul.ar-Ly ~ood for the :::;roups of lines nt

The 0 bservntions 0:1 tlle 1ine conponent.s oricinc..tinc f'rom initbl 62D

and 42F states reveoled totals of L; 0"' -component.s and 2 .r-components at

IJ"055, and of 10 cr -œompcnent.s and 7,;-cornp0;-lents at ;.,).4212 - 4210 t aken

as one lo.rCe croup. Of the four previ.oue investizators, T .b:'l:une ;10.d
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TABlE r EXP.ffill'JENTAL DISPLA.CEfENTS

À 4055 Group A 4212 Group ).. 4210 Gr oup
'1T (J" '1T CT '1T (J

6D3/ '!. 4F5/ 2 6D3/2 4F5/2 6D3/ 2 4F5/2 ' 6D3/ 2 4F5/2 7P
3/2 6D5/ 2 4F7/2 6D5/ 2 4F7/2

M
J +1/2 .:!:,1/2 .:!:,1/2 .:!:,3/2 .:!:,1/2 -8/2 +3/2 +1/2, 3/2 .:!:,1/2 -8/2 :!:,1/2 ::)/2 :!:,1/2,3/2 !.,1/2 ::)/2 :!:,1/2,3/2 !.,1/2 -8/2 +5/2 !.,1/2,3/2 +5/ 2

F
6.2 -1.37 +3. 38 -1.42 +2. 69 . - 9. 69
9. 9 -2.03 3. 75 -2.21 3.21 10.09

12.1 -2.38 +4.18 -10. 0 2
18.2 -4.40 +7.23 5. 90 - 5.22 . +3.08 +1.71 -11.89 11. 03
24.1 -5.43 8. 80 7.37 - 6.73 +8. 68 5.17 3.05 12.83 Il. 93
24.8 -6.79 9.28 -5. 96 . +5.12 13. 29
27.9 -8.05 10.55 -6.86 6.28 14.63
29.2 - 93.76
29.9 -8.33 10. 66 -7.10 6.83 14.47
30.0 -8.62 -7.28 11.12 8. 87 -8.74 -7.00 11.13 -t 8. 67 7.07 4.90 14.20
32.7 -9.24 -7. 87 1l.84 9. 74 - 9.68 1l.74 9.22 7.94 5.03 14.96
33.3 - 94.12

43.1 10.25 16.00 12.30 12.33 12.39 10.75 7. 05 17.95 16.43
46.8 12. 85 16.51 Il.38 13. 98 12.43 18. 94

47.8 13.32 il. 50 17.55 13.67 JJ.19 14.55 13.05 8.39 18.79 17.46
49.6 13.84 18.07 12.04 15.43 13.61 19.3~
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report ed the l r.reest number of Li.ne componerrt .s , t he t rue exi stence of

some conpo~ents being ~uestioned by l ater observers. Hi s observat ions

u ere of 3 0'" - and 2 -' ;--COîllpO~'lents ut 7-4055 and of 4 (J" - and :3 tr--components

at i~.... 4210-4212. The ures ent e:x:peri nent t hus included eLeven prevl.ou sly

unrepor t ed line compone nbs i n t he overall sun of t.ue nty-t.hree compone nts

observed.

Leaving the asai.gnmerrt of the H.J val.ues of the i niHal perturbed

states from T,Ihi ch the line componont.s &ris e and the aasocdatdon of the

com.ponents ~ath the correct norrrrël 42P level until & full discussion of

the results in the follo',ang chapter, cert ain guidine f aets t o t he inter-

prete.tion of t .he observed line pat.t.er-ns mey be notec1 from the t able of

r-esul.t s ,

The di spl acements are Siven i n 0;:1 . -1 (uith è' . ne~ative 8i;:;n meani.nj;

a (Q splace:llent of the line componerrt touards the r ed) and are clas sifi ed

i nto t bree gr oups abou t the norm&.l diffuse s erd.es l i1188, the di spl<::.ce·:nent s

of t~:e component.s Ln e ac h s r oup bein~ measured f'r-om t he posi t i on of t he

norinal. Line i n t.hat group , ~TO neusuren ent. s are Li at.ed for a conponent

'.:here a cood ne as uremerrt ,, :3,~ r el1cl.8red i:'::l)os sible by t he pres ence of foreign

Lf.nec or t oo J.0 '.1 a compo rierrt Lnt.eri s â t~r .

The displace:!Jlcnts lis teè. under L? F7/2' :·lj· = ± ]./2, 3/2, T.lere f or t he

c ent er of grav-i t y of a palr of ver:! cl o se component.s , 'l'hat, thi s Li.ne uas

in f'act doubl,e 1,'I"l3 cLear-Ly Lnd.i cat.ed on the ple.tes , be.ing very near'Ly

r'esoI ved on the be t t er p.l.at.es and ~ü':mys havi ng t he or-de r of t uice the

Li.ne ""riot.:: of nl'lOt her conponent, r mmil:z ver;/ clos e ta i t and comi.ng f'rorn

the SéC0.e normal. l evel. For 30:::8 of the r emainü:G coraponent.s t he di spl.ac e-

merrt. s at Lower f ic'Üd s ver-e s.ls,:) f'or t he cent.er's of Gravi t y of [:. pair of

comporient.s not r esoJved on t he pl.ct. e , such r e 1J.CQll;:;s bei:.1;;'; i r:d.ic atec'. in

the t abl e.
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The line componerrt.s of the À 4210 and ,. 4055 gr oups wer-e in ceneral

considerably mor e Lrrt.ense t.han t.hoae of t he , ... 4212 D'0Up, such that a.

more complete set of rae asur-emerrts coul.d be made for the former tHO gr-oup a ,

l'Le asuremel1t s of the ~i s::.ùacement of the 52P3/2 - 72P3/2 line uere

made at tua field' s trenGths in the 'J,.;..i maze , the Une 52P1/2 - 72P
l/2

bed ng insufficiently intense to be capable of zood measurement, of uhat

was obvious1y a smal.L di splo.cement tounrds t he reè.•
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V. DISCUSSIOE ,'l'ill THEOP.ETIC;i.L nrrERPRETj.TIŒJ OF RF..8ULTS

1. Discussio~ of Observed Results. For the interpretation of the observed

Star:: patterns i t vas first as suned t hat any di.splacements of the f'Lnal,

'J
5'-P s t at.es ver-e i1cCliZ i b13T snal.L, This l..rould mean t.hrrt the Stark line

co.nponent .s on the phot.ogr-aphl c plo.te f'or-n a direct pi ct ure of the per-

t urbations of t he ini tiol levels and that such a picture voul.d be a

complete representation of all the i nitial perturbed levels, provided

transi tions t ake place f'rom all of these LeveLs , T:1C vLilldi t v of t his____ _ 1/ _

basic 3Ss'..!.I:'pt i on ucul.d r ec}.ure equal, éli splaceJ.le r:ts i n t he s aze direction

f or t he lille component.s orisinatint; from the norraal, positians of t he

:'-4212 and ;.1:.055 di.f'f'uae s eriel] Li.ues , ai.nee t.he se components r-epreserrt

of experd.merrcal, error, ccn be seen at once by an exami.nat.l on of Table J:

or J'rom a conpos.l t.e plot of t.he t ot:ü i ty of mea sur-ement.s made f ar t.he t-,JO

J.iùe ~)(;'.tteri1s. The dat e. reveols t 'via perturbec1 levels :::.r isinc; I'ron the

2normal, 6 DJ/2 level, LEd Ginee :lJ is tl:e only qu ant.Lt~r t a retci r. i ts

stat.ua CtS an accurc.cc ':'~U[LYlt,u::n nunber Ln t.l;e pr es ence of an electric fi e.Ld ,

t llese t 'JO levels CX1 be val.ues of ± 1/2 and ± 3/2.

Frou the pertllrhstio ~l t heory ()f t he Stc.:r:-~~ effect, :!>1.t r i x corcpcne nt. s

of the tüo~t!'ic l!lo::.Je ~..,t C0imectin~ tMO unpar-Lur-bad s t abe s Sive rise t.o the

fruai.Li ar 're:)ulsive ' ef'f' ec t, of t.erms on one anot.her , The cener ,;ü conditions

for the exict.enc e of such ::Ilc'.t r i:,,:. compone nts of

have " ,";; <'; l cor roonent c,_1.: T--Qf'- + 1oc>---'" 0 + ",' - ~~~.l." " ,... ",p">l' Je-n-T':'!P"'l- -_______ _ _J._'-\. ~_\..l. _.~~ -LJ. . J:J-U l. ~_;..t-,.-.' .;...:...t'J _ U .. -1"V V ~ -.- .lJ.i-,. t:L~ .......v . . · _ ........_ ... .

Cœ~sidArill~ cnl.y t.he dos e 6Z1) (oublet Lerns :'~'lè. t he unr eao.lve ô 1;.2F

t.er.ns l j'in::; bet'.;ee[~ t.hein, t .her-e cou'ld oril.y be Lnt.erac tdcn ter::a.;:; connectdr.g



the L;.21"5I2 level '.li Lh bath D LevoLs ë..l;'(~ t.ho 1t2F7/2 Leve.l ':Ji th the 62D5/ 2 •

TillS l;W 8 ns t hat the per-turbed l eve l s of t he normal ~ 2F7/2 l evel must be

r-epr-es ent.ed by component s vhi.ch cene f rar,: the zero-f'Le.Ld 1.~ 2F posi t i an and

are d.l sp.l.aced ta Longer waveLengt.hs , The three obner-ved corcponent. s coul.d

t.hus be as sdgned t l"e ]'''J val.ues of ± 1/2, ± 3/2, ± 5/2.

18ve1 i s not observecl becs u ee of the /:"t.IJ seLect.Lon rul.e ,

The l:1 T =± 7/ 2
c,

On t he basis of

Lhe t.heory this st.ate , having the ili Ghest possible I-1J , Ls Ilot pertur'bed ,

Sir.1.iL lr 1y the three Line component.s comi .nr: from t.ae position of t.he norma l,

1\4210 Une represent the pert urbed states , char ac t eri zed by ;'13 == + 1/ 2,

± 3/2 an ô ± 5/2, of the normal 62D5/ 2 1evel. This Le aves only tHO

re!1.aïni r::.[; l i ne conponent.a , d.i sp.l.aced tO'..rard shorter '.·!aVfùen;:;ths . I'hes e

cl f ' , t 1 b ' ' ! 24' 1 l d fe lm. e "J' repr e sent pertur GO states of tne , ', 5/2 Leve an , r om the

milsnitude of t hei r àisp1ace~er-ts and the ~olarizE~ions, ~ust De correct1~'

de not .ed by 1:J == ± 1/ 2 and ± 3/ 2. T11.i s voul.d appear ta compl.e t.e the picture

of the d âsp.lacemenr.s of the pertur-bed LeveLs for the four Domal t e rms ,

vi t .h the pos.ai,bl,e exceptdon of ~!. Leval, havir.: 11J
~

the r.or~al 4~F5/2 t erme

+ 5/2 as s ocdat.ed '..Ji th

This ass.lgnnerrt of the perturbec1 eneTs:r levels is compl.e teI y con-

f'Lrrned by t he theoretical treatmerrt Ci ve n i n the f'ol l oi..'in2; sect d.on, The

absence of the trnnsi tdon from the l-IJ == ± 5/2 leve1 of the L/ F5/2 term

i s f'ound Lo 'ce due to the esserrtd a'l cJe[ene r acy of the 42F doublet .

Fi ~ure 5 (iepi c ts the di.sp'Lac emerrt.s of the enercy 1evels of t he Lerms

i nvesti ;;ated, and Sh:)'.-.'8 the t rans i tians uhich t ake place to gi 'le r i se ta

the dl sp'Laced line coraponerrt.e on t he :"hotoGra.phic plde .

i~s discovered by Foster in Lhe parheLâu..rn. spect.rum, the t noI'CllCÙ t

Stark patterns ('...Ti t t en as the r ati o of ïr- ta a: - compo nent.s ) i n st.rong
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fields, f or t.rans.i tdona from Lni, tiaJ. P, D and F levels ta il fi nal P level,

2/~ 2/~ '~/~ t" 1ver'e ,~, .J 1:l...'10. .:. .J r'e spec ~ve y. In the pre s ent i nvesti cat i on , the

6'1)3/2 l evels are line ar ui th the fie] d f'rom ve?:',/ near t he zero-field

position, '..rhi l e those f'rom the initial /l-~F7/2 and C? D5/ 2 t.e rms exhibit a

quadr-atd c effect in fi elds up ta t he arder of 15 ld.Lovol t s per centdznet.er ,

af' t .er vrhi. ch t he di.spl.aceme nt .s become very ne ar'Ly linear Hith field s tr-engt. h ,

? ~

Tm~8 for the ~anse of f i el ds used i n the rese8rch, the close 4~F and 6~D

terms irer'e for the most par t sub jected ta 8. st.rong field . However , vrhlLe

~. "
t ' l' t · . .L .-1 · ,; -'- h t.he 1).o:.Dc / ,", and J ~ Le ve l.s verene _~ne pi:~ -cer ns as soc~ a Ge'J " , .L \,;.. U 1. ~ .~. ';..l _ '+ ; 7/2 __ v v - " _

obser ved t a be ' nor EaJ.', t.ho ae assoc.lated \.rit h t :1e 101.1er J-value 62nJ/ 2

and 42F5/2 l evels Lack a sufficient number' of couponent .s for 13. ' nor !rlcl'

pat t.ern , The exi. s't.ence of s i mpl i f i ed 1,Jo.tter nB for the 1 0 '.'[ J- value

6~3/2 and 72:}/2 l evels i s due to t heir doubl et. char-act-er' and CD..:.'1 be

directly seen ï'rom the LI',IT s elect i on r ule. iill has ;ü r eady be en ment doned;
t)

t he r-educed numbe r of component .s

b~T the t.heory ,

f'rom t he si nply explained

:,:,..'1 i nterestinG case of t~·l0 LeveLs cro s s.lng cne anot.her vras ob s erved

or: Pl Iùete t.aken iri t h l'Ji;;her f'LeLds t.han uer'e USUdJ.~T obt ai.ned , The

fiold c.t '.rhi c!l t als occurs is of t}-! A order of 65 kilovolts ;)81' ce:J.timeter .

2. Theoretic!Ü Dâ s nl.acement.s , The energy shift of [1 l evel i n an electric

field i s gi vell by t he prad-clet of t he .field and t he cornponerrt of the electric

monent. of t he at.om al.ong the field . The condi tions for the existence of 8.

mat.rLx cornponerrt of t he electric moment vrer'e at.ated in the precedf.ng secti on,

an d i f t he Bner;::y levels and correspondin,: eizenf u...'1c t i ons of an [..t om are

knovn, then t he mat .r-i.x conponent.s of the electri c moment can be calcul. ated
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and the per t.ur-batdon t.heor-y app.l.Led to ;:;i'18 the d.i s p.lacement.s of the

af'f'ect.ed 8nerc;;- l evels.

Sinee i n the pr esent investiSCttion t he 7/~p, L.2F and 62D t.erms lie

very close t.oge ther and relo.tively f ar 8v ay f'rom any other po ssi ble per -

tu-rlnr..c; t.erms , the s e cul.ar equati.on, f ,orT:led from the mat.r-i x of the perturbed

Har:rl.ltonian by including j llst the rovs and coIunn s ':Jhich refer ta these

si x t erms, s hou l.d permit r-ens onabl.y accurat e cal.cu l at .Lons of the shifts

of t he enerS~r Leve La ,

'l'he t llree pai r s of cloSE) doubl.e t terms have effective qu antum numbers

:'ïbicll r'18 Bl1S t.ha t. the t e rEs are al.I. ver~r ne a r 'Ly Li.ke t.hat . of the h~rdrosen

n = 1:, level. Th8 us e of t he 1.·:ell-kno'.1ll hydrozen mat. r .Lx component.s of the

e.Lect.r'Lc zoment. connectd nr; t 'HO s t èJ.tes of e (~').;.ü Tl and L differins by 1.U1i t~r,

r:1i ::.;ht t.hus be expect.ed t.o yi. e.l.d 1:'. ::;oad appr oximat .lon t .o t he ac tual, di s-

of t he l evels, 1) Q1'ti c~üarly '.colJ.. the e f fe ct ive numbe r s

a re u aed i n 11lnce of TI = 4.

Ls previoualy no t.ed fro"'-! exper-iment , t he exi s Lence of [ i so-ce.lLed

str or.c field s eems ta 1)e i ndica t ed by t he displnc er!:ents of the close 42r

t errl S. T l~ usual defiLition of u stronc field i n t he St&rk effect

La t .he.t, suc h 8. field exi s t s vhen the difoplD.c:ements of the levels Dr e IV-Tse

compared t a t.he fine st.ructure separuti.on of the t.errfls .

I t is d.Lf'f'Lcu.l t. to s et nn i ~..i ·Li al val.ue of t he experir.lente.l field

vhi.ch i s ta 1:.>e c n.lLed "stroYl.C;", f'or- <, field l ..ri.Ll undoubt.ed.l.y often be

hi ;)l for one doubl.e t '.r!1i1e reIilbi ni ns Lov for anot her , SU.ch stron~ fields

mean t hnt the L lteré'lcti ol'l ener gy be t veen the f i e l d and t he e1ectron of the
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at.om i s u;r e at e r t .han the electron spin- or hi t. i nt eraction. Gonsequ ently

the magnet.Le coupl.Lng be t vreen Land 3 i s broken doirn and L beoo -nes

quantd aed 1.-li th r espect tl) the direct i on of t he electri c fi eld, and

l)r e ce,'1S0s ar ound i t , :.nlil e the eLect.ron spin i s not af f ected directly

b;;r the electr ic f ir-ùc1 , the 11reces ni ·:m of L pr oduc es '.l net magnet.i.c fi e ld

~iJ.ons t l1C elect ric f~eld direction, and i t i s t.hi s fi eld t .hat c;Ulmt.i ze s

t n' e eJ ectron sci,n 'l'hus _;1':1 s, ·t.r")·,'1.!,·'.· f l'e.l.d.s, "'1J =" L + ''1,.., n '''er e 'j '1 and .l.t.,. ' '.' " .J ~. ... _ . ". , _ j ' ) 1'";::), . ,1 e . ' j 1 ~<.o ' 0

'.J.re nov bo t.h s ood qu ant.um nurnbe r-s ,

I f one nov assunes t.hat in t he s t r ong elect.r i c f ield the r el!.lti 'Ile

or-Lent .at.Lons of l·Ir and 11;., '.!ill r'emain t he same as Ln the normal, l evel
oU .:>

(ml a a sumpt d.on whl ch seems phys .lcal.I y r e as onabl.e ) , thon there ...rill be

no Lnt.er-cc td on be Lvcen ter r'!8 f or vui ch :';,;; :::: 0 , and t he ori~inal s'TO Ur of

six t .erms Hi l l br e ak u!) into t'.!o comple t ely Lnd epende rrt s ets of i nter-

actir:~ t.erms , ODe s e t LncI ude s t he hi gh J-vo.1ue terrIl of e ach doubl et

f':J21,d the other set co nsl s tn of the Lou J-vaL.l.e ter'::>.~: .

The c al.cul.atf. on of the dt sp'Ls cersent.s of the LeveLs .aay nOH easi l y

be c ar-rL s d out as f or 8. ;::ln;) et s ysten (9), and i nvol ve no determi nants

l arc er t han the t hirè arder. Usinz t he s t r oP.:::;-fi eld lL~Tdra.:::en mat.r Lx

component. s of t.he perturb:'ltion ener.:.;~r, ;,;j ven b2' (n, L - 1, ):1. 1 pp 1 n, L, [':r) ::::
L2)(12 , ,,,2 )

;2 .J - " ;lJ , t he c ,l.1c,l1 fJ.t ed <1l s p.Lacersent.s Her e Hi t hin a
M, - - 1

r eciprocal cent i meter of the obser ved values .

'I'hat, the fi eld s trencu.:s ! -' ~; cd i n the exper d.nent. 001J.111 not be c.l assed

'"str()[lZ f or the 7 r -p t e rJ!lfl ':!"~S o ovi.ous , I t \ .! .'1[; t.he r-e f'or-e fel t that USA of:

t he :r..atrix: e.Lements of t he el ect.r 'L c moment for 11ydrocenic atome Ln ireak

r el "ti vAI.:r (~~'3 t e.llt P and D terréS, HO U.ld ~!rovide a sti ll be t.t.ar L'.IJpr:J XJ.I!latl o ~-:
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T~U3LE I I TlIEORETICjlL DISPLACEtŒ~ITS

LO;; J TERH3 0\À4212 and L~05 5)

Normal l evel 7P1/2 6D3/2 4F5/ 2

!.IJ:J of i nitial state ± 1/2 ± 1/2 ± 3/2 ± 1/2 ± 3/ 2_.
Po1ari zation i n 4212 ps ps ps ps ps

4055 . ps Ils s ps s

Fiè1d i n kv. / cm.

0 -161.73 • 0 +1.47

10 . 161.84 - 2.49 -1.91 4. 07 3.38

20 162.12 5.51 4.40 7.37 5. 87

)0 162.60 8 . /+4 6. 92 10.78 8. 39

40 16). 28 Il. 27 9. 45 14. 29 10.92

50 16~.•16 13. 99 Il. 93 17.89 13.40

HIGH J TERl·S (f~210)

Normal 1eve1 7PJ/ 2 6D5/ 2 4F7/ 2

aJ of initial state ± 1/2 ± 3/2 ± 1/2 ± 3/2 ± 5/2 ± 1/2 ±3/2 ±5/2

Po1arizat i on i n 4210 ps ps ps ps s ps ps s

Fi eld i n kv./cm.
0 - 92.70 0 - 9.00

l a 92.88 92.82 +1.31 +1.14 -t o.67 10.13 10.02 9.67

20 93. 45 93.20 4. 22 3.72 2.28 12.47 12.22 11. 28

30 91+.)8 93.91 7.78 6.89 4. 35 15.10 14.68 13. 35

40 95.M. 94. 70 I l .64 10.33 6. 61 17.63 17.33 15. 61

50 97. 31 95.83 15.72 13. 96 3.97 20.11 19.83 17.97
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The f'Lna.L c aLc ulc t.Lons , ~iven irl

;c;. f'r e.c t i oD of .,.. r ecir-œ:.l cal ce:Jtün.Ater i n the Level .s concer-ned ,

In a sreHt. many of t118 cases

t he cliffere::ce be h ·!e ell t he obser ved an d calcu1 at 8c1 dü'[>1ac e:::.ents i s '.·ri thin

the l :Lud. t s of e Xi)e r imentéi.l err-or and i t 1. s never creater Lhan 0 .5 cm-1.

Fr-om t:le dL'.crE(nlS it i s therefore seen that , vri t.h t~1e exception of

t he .r-component. -:n /'4 21?- '.-Jhicil orieLnat es ir- the ; l,] =+ 1/2 l evel of the

?
nor mal, 6"D3/~ Leve.l , obserVD.ti ':nls have be en made of 8.11 the Star k conponerrt

J.:Lnen .

The =± 5/2 Jevel from t he y)'·J r J1C'.1 /!? F ,, /r:; Leve.L cloes of course
-' ~

exi s t , but bei ne the onl.y ET
c

of t hiG i t Ls not

per turbe d. . Be nce '.h i l e a t ro.nsi t ion f r om t.hi s level '.ïoJ.l d be a l.Lo -red in

the c: -lr:'[lE 8 of the j'4 ?l2 gr oup , i t '.!oèùil nave zer o Lnt.eris.l t.y ,

The cros sine of b ·ra component .s 2.8 observed on one plate is f ully

cuppor-t.ed by t he t.heo.ry , \-Jlu c ~1 S h Oi-!G t.hat. if t.he theoreti c éiJ. c1i s.0L"..cernent

di a;:;rans '.·!8re ext.ended t.o bis her fi 8Ld s , t.he j l,J

"TO 'Jld crO ~33 the = + S/2- , componerrt of t he 62[;5/2 l evel in

t he vlcLüty of 61, kiLovo.l.t.s per ce :::.ltineter .

')
J . Theoretic<:l Ent.e ns.l t.i.e a , TL~!e ~!r() Cedl)..re f'o LLoved f or t1J8 oul.cul a t d. on

of' the r elClti 'l e i ntem:.L t.i e s of t hA 8t "œ:c line conpcne nt.s i s 0 .,3 de scr-i,bad
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, ~

~see!.:8.D"

vi, t.h the Li. ne , The f'r act.Lonal, po.rt

i r.

vhich co nnec t t.he per-t urbed ;:3t.. ::\c,es tri t.h t he unper-turbed s t :1.t e 2 from vhlch
r,

The r.e ;J'~ ter !Q.s ;::2' 8 f'ound f -cc):':l

r,

r'~-D
.) ..

7hi s

':.':1.11 r Œ:: t.'i:'.l CO~ls te.::l~.· at .c.i .(:'. ï '
1...1 e.in S •

1i;.".G8 f or di?ftlSe

on r.. l"'ll ::.~t.e , vi t.hout. t he ne ces al. t y of o.r-:' convers i on f'aotors f'ot- t he thr 88

s n · ;:. 11 ,~-· -1 ~
, . ...û l rec l , î:ct8l':3it/:l e s

;.,.11 t he clet 2il ar ound '(,).18 ;.JJ:21Ü 1:.212 .
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