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(he Zeeman Lttact
41)&&(2(7?

The glpliﬁ‘ihj of the mercary b 4¢ //i Zihe_afa,e._ia_ﬂ.e__a.p_p/fcaf/_‘oh

_____ 6t _a Maghef/c field was_measwred, This S,p//ﬁ‘ihgj N nown_gs_the
Zeeman ettect, enahled us i find _an_experimental Value for

the Bohr Mann@fof.\_. From observations ot the (ines ,pa/czr/‘zeo/ ;oarQ/[e_/

.-___G_’\ﬁ’__-pe.t,Qcik\,ditu_lar__fo___ﬂe_g}op_/lid___m_@_ne_f/;( Lield__we__were _also

__ﬂQ.é)/6,.-.lLQ--.,VQ_KZH_[}LWZ%LQQQC(LQLY of the ?aaﬁam meChanica/
Lreafmend of #He Zeemgn e ffect.

. I 147‘1’0,‘_0/ uction |
—— A._AMaﬂneﬂr 0/ f;/oo/e of__ma uam'f(m’e A 'IRVL‘,Q_'_h_/(_agkt.eiLC,,m
_field H _has a /ﬂofehﬁq/_ Ghey/v ‘/_5[ . H., The afo“ms_o_f_mwu/__ _
__Substances have a_net_ma Jat/nev‘/‘c O/gbo/e/. and _hence teel a potential
__&hergy due to the app//ca#/on ot a Mczﬁne?‘/c £ield. Qu,a.nty,m
Mechanical Calculation Shows #het the magnetic homent of
__an_atomic_electron is (/(4_0!1.7”2603 So_thet_a given W\agnef/(
Lield will leqd +o Several discrete electron energy /eve/sj_\_
€hergy levels #hat qre S‘lr)/h‘ rom He__ale_ﬂ_eurm‘e emerj/a/ leve( freSent
Aeforc Fhe ngne%ig Lield was__q_plp/fed, Since +he wave/eug#/t of

G ,Dho_ﬁo_h IS _[hyerse //v praopo rticnal_ fo__(f_S____eﬂﬁ_tg_ﬂimﬂ_f_‘/ir_o_n_i_ﬁezfc_f_).e_m__,__-,_‘

the close //t/ spaced, Split, energy levels lead fo_Several Closely
- spaced Spectral lines, We measared these limes in order fo P

~ deduce Something qhout. the. ehergy level splifting,



In paw‘/ca/qr we _measured +the S’p/l#/nq of mevcary’s 59614 e

/
Lar Seyeral l/q/acx 9% %Ae_m(zjnefzc Lield USing_a /?z/:ry—
Pevot [’l+€rferoMe7‘er This line should 3‘1)//7‘ m_q Mczane%/(
field (who nine componen+§’ 3 ﬂo/ar/ZCC/ nara//e/ fo He 7[/6/6/

and six /Do/a/f/Zed /%rﬁcha’mu/qr tfo_the Lield. (e were
able_to Measww /'Ae Hree [Ines nam//e/ to_the Lield /9/
/)/cc/(/hq the Other Sik with a wolqr/zer When we turned
Fhe pu/ar/Zer IOCVpePIO/ICLl/QV to the Lield to view the
Six_lines ;oa/qr/zw( In_thaf c/u/cc%zoh our _megsyrements were .

/eﬂ‘S SC{CCQSSH(/ éeCaaSe 01[ He c//[{/(u/*/ 07[ VeSu/l//Mj;

__Sik_components qt ohce. e were, i1 z‘ac# unable t jrake

that _there are Sik Separate /mexj_b_ﬁ QHlr Q/m‘a did 4+

the Fheory of the Six [ihes 9/V€h amum'p%low ahout_the

@'Vef/a/ﬂ aM/ ho#;—reso/a;‘/'om 075 //'hes,
EX’}:)Qr/'Mehfa/ yefulp

~ _-AZ_A,L_S,e_z‘_a p_was_ as. ,_/Q_t',c_tw_e_o,{“ below, . .

o qr ‘Zer Fabry-Ferot [ens E—
/ /Mf F : ﬂ e
(amp ;{ / /

/ﬂl’ﬁ"’wc ;—”—Zuferfermefer

Our_saurce_of //JaH was_a_ e rca_':/_/_m/o_lo_[a_c_e/ between the
zao/es Of _an e/ecmeaane* TAQ_/‘ W _went erou&.A the

f,cq/ devices: ] a lens ts collect the //'a ht

-Fo//owma trajn OF o_p. ________
DJCI SMa// Square a,@er%are fo_bloch _most //9/\7‘ of the

(
[Urohq #reaaencvj)a Do/arlzer Lf)a Fqkrv Ferot /hferferome/er a device

Ju/\/C/\ s bC(S(CQ//)/ iust fwo ﬁ@éef para /e/ plates of par%/a//t/



te_vf_/_e_cﬁ@_g_gss 5)& lens fto focus the parq//e/ /’M* N’lef’qmq Lrom

Hte fqbrv Pcrof /h ferz[erom?‘er (7& Camera 10/67660/ 07[ f%e
focal /emqw% of Fthe lens %o fake //0/(_7‘(4}’6& ot He Fihg

The /:abrv- Perot _interferometer Serves fhe Same /Mmooye

_as_a 9raf/Mq /n z%z?‘ ks J‘ﬁ,vqm/e\r //GH of_different
_Frwaehaw /nfe_q__circular frm\ge /ocn‘/em_,_/} fabry-_Perot_can

U@/ L{Suq///v Split_lines with a J‘hw// frefaehC/ c////crehce
_Wwith_a A/aAeV resolution #hen_a ﬁrm‘mq Ths _resaolution
5 Measared b)/ he. }:e_sp_/wmj power of the device, a umber
- which is C/ef/th as /4)(,.,,,, y wéere ﬁ)mh /S 7"{6

MIinimum wc?l/e/eno#A ditfrence (Z/' which_cne_Can )Lu“?‘ re Solize
e, fwo /me‘y aM/ A_is _the mean qu_C./_ehgf/l ot fAe fwo_/ines,

For a Fabr/v' Borot ihter ferometer the theoretical Value Far

f=-i-e- x[/ecftl//f, o __9/a$$‘

Fhe refo/vihﬁ, power 15
d= distance betuween /oara//e/ p/av’es

DL 12

A 3 (1=

A/onuqh (e were hot View/hq Under idedl (ol/\dﬁon&_}_(ur Cou/c/
resolve lines with a wave /emﬁé\ Ye/oara%mh of_about 75 X0°° ¢

and 4 Meah wa(/C/EMH\ ot 55)(/0 M, for q IfeSo/VMc, power

ot about ,/TX /05 ’

As  the _wavele ngth_separation GF fwo Spectral fipes increases

the point is reached where one component Starts_ to Ol/er/a/o

Wwith _the Oter compomen+ (n_the hext Ynec%rq/ order. ﬂnca

_Oerlap is_undesirable .an_oplical device_(n phactice has a_maximum
._w_@i/.e./.egf,_ﬁé_S.e,)ﬂl_'fg tioi 7[0‘_’ the measurement ot fwao [in <3 and _at__. .




/arqer Wwavye /el/\qﬁ\ Yeloa)’aﬁo/«J 7L/te /I'hef Cu/’// OVeV/a)o. 77@ maximum

LUaVe/EMaH\ O/Iffereha’ 7l/ta7[ Can_occur (without ahv O(/er/a,sd /S

called fAe free S/oecv‘rq/ Fange, Adfsrs The ﬁteo/efzca/ lalae

Gy{i the +ree S‘/ﬂedl’a/ range for a /Blor/v Perot_jnter fevometo.r

2

/.S" A— =\
Lo 45

C/eav/v we want the free S’lpecf/‘a/ l’an/qc. 7o ée as /é/;f/qe as /ﬁo&-

/ . |
Sié/e )LAS?L as e D'woml the  mini mym ,.Lg)al/c;/@/gj_ﬂ__j’e/w’oﬂoh _

7/61 feSo/a//oh A/\lnm % ée Qs S/ﬂg_// as 00S3“)é/€ 74 Aubipe r Lhat

/s a__ Measure 0/ 7‘46 OaQ///}/C/Wl 0/971/60/ OéV/ce LS %/_éﬂ

{messe
ST T T S ey LB e rebbciy o 4
_ 6 Tr r= rettec /V/)‘ ass
°7L T = e (’[0' ° 55/7 Lorof /«%eﬁ/mmefer)
4 Amin 77

As e Linesse (Mrearef either Fhe free fﬁecfm/ range must_[hcreale

4/\;«“" My st dé’CVé&J@/ Sg__the 0(/0//%/ 2/ Fhe 0/07(/(0/ device  murd

/Mpi’oVé 17, fheme jh_ fact 9/I/€I oaM (deq of the maximum humber

@/ //hey Qhe__Cah I‘CS‘O/VG (,(//7%0(/7Z 0(/(’}’/0;0 /[OI’ /hjf[m(c in__our

Meafuremmf; Wwe ﬁund 7‘4(3 */;ee 5%6(7"*0/ i"oﬁyz o é@ //f[r:/\)) Jk/ﬂ (‘/n
ang A/\M,h 25X e, . f5r @ tinesse c% about [7/1 WAICh. _meahs

e C0(4/0/ hm[ reSG/Ve an/v more than for €VP14/(/ Spocec/ //’/mf

lithout over/w When _we made _MeaSure ments w/%A the _palarizer

Or/enﬁ/pemenc/zcu/ar 7o He /e// e hod siv Jitderent Ccmm/m/ﬁ‘r

50 %Aaf /f was (Mnosw/e + refo/ue them _without 01/6/‘/0/6’,




TA.QO_Iy_O{ e Zeeman £ Htect
In descr/{b/na the ﬂcor/ of He Zee wan Lftect we awilf uSe

Ava/roaeh as _an e)(am)o/e Since 1F 15 He f//wy/ex% ofam Comprised

0/,/(, of ah e/ec%roh OM/ a 0m7‘on. Oyr refa/ﬁr w/// oﬂ,o/y with

some m_g&//f/c_af/am fo He C/emczgf e leé‘ol /h 7‘/@ €/\;,0€/’//14€/¢7/1
__Mevycury,

/
Several ditterent operafor_s are_wed _to dara(%pr/zg e

wave tunction of. Hhe e/em‘ron n He A/Jroom W‘om A He orbite/

aha‘u/ar Momem‘am § Yhe Spin dnaa/ar Momem‘amj Lz UM/L Hhe
Z- COMpOhHNﬁV 07[ ﬁ{e Oré//a'/ qna’ Sﬂ/h Ohju/a/ Ma/nehﬁm // 7‘46 ]
/{am/%on/anj T=L ff‘* fhe _tota/ cmqu/ar m@mehfam mza/ Z/_%Ae_ S

Com/oanem‘ of the 7%7%/ Ohc;u/dr pomentam, (wwvf(mr%/on
_Canh_be a §/Mu/7‘qneow e/qehfcmd/on ot 7/7 Jf Z dhc/f

or It con be g S/Mu/*qheow €/09/17[a/1(7//0/1m0f 12 lz

hut 4 lwavetuh CFioh _Connst_be _a_ f//hu/%oheoaf e/ﬂem 7/ /m‘mh
0‘/ all S/Y/ O/VGVG/OM” /7/5~ N, l’efu/7‘ ot _aq gehera/

07[ fwo Opel’a%ory 7%77Z C/o Aot Comlm(fe/{ £, /40h(/ ﬁa/o hm‘ Commiute

£ (B~ /?/4)%/0) T ond BS, 5 and Toard Ly b _not commite,
In C/eycr/bma the wave 7[01/1(7[/0/4 of Ayc/mqm 1S most

usetul fo use €/9€hf7£07[ef of Tl y om/ fl Father Fhon

of ZZ §° Sy and Lz Since %Ae aaa/r%am Number of T enters
(nto 7[/{e expresSioh 7[f e Aya//ofeh €h€fW fevels: /; /s called the

Ouahfum humber_of I A TS /(/f/)ztl% where Y5 _the wave Lunction).
7@ emm,, of am electron (n He hydrogen atom 3, fo fhe Brot
Ora/er (/’L Z //fz 4/1/)/@/5575 _there N=4239 AR

S ey =N S ————

—VT = —

T



)f}hc,e__[; and S are ot ,oaro//f’/ 1/6(7‘or5 s 5 5 hot Wom/é/

fo l/— 'J’/A f)f) //eweyer /7 turns 0(47[ 7‘407( 0/7// He (oﬁwmm%

Gt /4/ para//e/ tc coa/mla/‘es b Ye het km%{mqqh@%/c

moment of He electron in an externd €ld, /Xe reason tor

this js that /ﬁl 1§ COh?[LKuo//V ﬂ/’CCeU/Ma abaut 7«/[67‘46/ ah

€X7‘erma/ T//e/c/ /s /Ner@l/ﬁ( or /107‘ O/ac fc /4@ /’1400/167[/( 7[0// ot

7‘46 rcton (Hhe E///woré/f effn‘) Jhe pre cesiien of 4 cbodt

7 /5 Jo /fa/mc/ fhat Oh average He Component ot ,4 per,vf’hc//(a/w

T will be zero. //We Jhe /noo/w‘/c /Momm/ that e fe// /!

CX,OeVleh(e a////effen‘/W// be op;/y The COMﬂc)ﬂem‘ of g paralle/

fo T :
- AT A P ED)ete(75)2
UM o Al il Akt

= ‘//zf.(__/*,T I j‘—
A /71>

=9 %7
(Where g is_collec the Landé 9-tector
_ ?j; </ + 2 5 7‘7

e S14 L= 5‘ —(*)

9_:__/_74_< 727‘ §1—12\_: /.,L ./(J%/)* j(j‘%-/) ///f/J
/ 271 4 .2/(/7‘/)

We Can_assume the l/naﬁhezlf( ield /s a/oth He z- %rméa;,/ Jence.
e extrg term h the //ami/v‘om\ch due #o the Zeeman eféect 15

/(/chm-n -—/{/J \'L/w f (‘/19 %//)




___A,,,-/.Z_C_Cz\’?‘kd _Eherg / /S

LL}CC"’;ﬁh: (/L/ 7h>.“ . T s

Zeemgy

S = Gl (0= Gadhy

G 7 ://} JOH) £ S =L, %-%/@?

201,

 The_energy how deponds on Hhe guantum humber of fe, m; . So
N A 7 %)
the_original encrgy kvels will bhe it it Jjil energy.
__kvels corresponding to the 24/ wlees of m 2T
__These results are C//‘Vc’(‘fé/ applicoble fo Mercury excep/
. that mercury has two valence €lectrons insteqd of are, 5o
Fhet. Sf]) ind X will the on velues Corre g/oow//‘ry 0 the
_ _,CQC!/?_//@ ot the twe electrons. for /h&fal?cej e Fransitichs
e were studying with the Interferometer W& detween e
51 and the B hel, For 3§/ y=// _/"Oj_j_':% hence 9,2 2) and
the _owyfha/ Sf; fevel Wil be f/ﬂ//"f!'//jta___Af_éi‘f(’ﬁ»(fchc_”(_49}_’014,_4é€/0[0)

e : fllln‘/ m{'-s./
T

for f 5=l 05072 50 973 50 /A g magact’c Oeld
there will be five 6”'..?’9/ fevelr fle/”‘?m/f/ é/_, 547,
-

24yt
o 3 Sl
I 7 =0
2 ;/‘4’/’/ /'t]':“'/
e e e e e = e - .- - . 140// / - .

_ 7-{6— -'7[-’”0215’/17/-/024§ 7/407'Z 9/7@ rise to 7%6 /)/he Oé§€/'V€£/
__.,,.§“pecv‘r_a / lines arne @ tollows:




9,22 ,
M= v
S ;»,J* _,~_x_\;fld_/gf_/:,z;_ea/ﬂ/aef/wmf‘(_‘q/wwﬂ_n .
d %o fhe el (M= 20)

— ="y polarized perelk/ 4 te
y porarized parelle/ f e o
b2 v Lo ld [0n /c)

mEl o

 rom this_ehergy tronsition diagrem 1 Con_be seen thaf the
hine fffdm/l/fhff will have e 7[0//0w/hj /‘Mofo_n ehergre ((’a_//m}

the _original 85,23, transition dhe zers of _7%,«}./1?{7%_,@(04/(’_);” .

7. ] 6ol XH) i
ﬁ[,h UI)"ILfA 0{ /{’ 6/_ éX/O ,f;/-:/-f?hj:/ /?/:O{VI?}:C ,};/'60 hl,/.,: ’/ o ) e

-H‘M/Mfa /i the ] 2 o 1
S £ 7. — ; { 7 / , y o
Perpendiculy / 1 ’-é / -2

2 - '
 fo the Deld) Wpltewr & sy by 1‘6“)’:‘? mef fmst) =2 M-l d A0
M0 temE]

. '"Mfo'{ﬁ""lj:""l’ e

o CZ; ,(ah.l:c ._,Se_e,a_fram the qhave a'/_‘aymm_ only_fransitions _5,6,7‘«1.@%_ .
Certain 61/\6):9}/_/0/6/5 are qllowed The Seleclion Fules Stafe 4hel
the O,hl/‘/ 1rqpsitiohs /?_OSS!'b/e are those 4or which:
1j=11,0 S
o Am=To R
[hese selection rules Can be given 4 Simple physical cuferpretation,
A photon 15 a_spin one particle and  So has an amguler_momentom.
of K hence_when an atom absorbs or emib a plofon He
atom’s _anguler momestym shoul Change by 1 msrtr 1o
Conserve qhg ulor mome ntym, ﬂ»’s,doies pot mean Thot the
- maghitude of fhe ahgular momentim need CAanje b)/ oneysihee
anguler mome wtom 13 4 vefor qugntiy 4’.6%(@&@ /h anguler mosenter



/0

cah_manidfest it e/t g5 a Cr{alwc in_divection rather han }v\qgmﬁ(/e’

//euce Wwe Caon have a CAOMQQ (n Me 00(0147[(1#4 Mamberr M /

by either /00/’[ /’{e 06/0// /o/m/ fef‘fr/Cf/OV' on [)ﬂj%af_/:[ jj/&

am“ey [)’o{/v\ a rul H\Qf he ﬁaflry G{ a_ (UGV(”[(M(f/OP\ MM‘IL e

/’ACMJOP daring a 7‘fcm5‘/7‘/0m

As an exahw/e of Kow TheSe Selection rules come aboet

aan%am Mec/:an/(a///v we w;'l! prove. Hhe selechion rule for
that is dm 0"/ £ we consider an e/ec/ramqgneﬁ( i

J J
lave_perturbing as e/ecfroh _ah &76m to the _Frst_order /46 S

/Derfarb/ﬂy z‘erm in_the Hamiltonign cw// be : L -
< H= € // P coswt e

mc

lwhere 4 cowa s He Ve(%or/ﬂofe/ff/o/of e €/€(7£/'v/«4aq}r€7l( wave

gnd Pis e cCononical momentam of He electron, The Ferns

90/a’eh rule  states that He Transition /oroéaé/'//};o befueen ______m__,:
_ two_ Stutes IS /Mo/nor%/ona/ o He. _Spuare of fhe marrir —
 plement 0¥ He /96r7‘uré//y term jn_Fhe z‘/om///oﬁ/m W which o

| (oa/o/ef the twc states, 1+ we co/,y/a/er two 5’7%7‘9& // /mrj—-~~ -

. and %/,,,/// %5 e Frans/tion ,,oméaéf// / z(//// %lm’ /ofe be -

/oro/vom‘/aha/ 7‘0 e o
_ P"GZ’ OC /( ;,[/H//él e ’/// s e

{(}//"/M// //J/?//M >) [COSML(%"/M// /O/}/ AN r’>?

4 {fahf/f/ah L(//// Here fore éc /o/’é/c/c/fh /7/ e

\//J#». YLX; / L / /(/’ﬁ: 77775“’7)“ —

f/hC@ Hhe /0*050»5//7['/ of 7"{6 fronfxf/oh woa/z/ /XM be zevo, “,\



[/

It Hhe o /éc{rQMqJ(;hef/Z waw (s A@Z@;eizfcﬁ,en‘/bn 4 /yam_//g/ o the freld ;
Hhen the. fransition will be forbidden £ <Ko s B [Fimvrne 770
O tn o Sikce Ao (5 G Constant e Can Yemove [+ aund Fhe Condiom

 tor_Hhe  forhidoen fmhf/i‘/‘a/\V,/;{_H_{ff,.,j[hﬁ//é/

Ter. 4 é"/y,/f,,//g/y?joa_ Since
. _[/z]_Ezlijz_éi_é_@f_o___@ew/{bqwm Fhat: -
e < ff,;j“;/@é)f&‘/?zé/ ;fiyi!fn'r/7 N2 I
b ik By )i P K< s B i >
— —(ﬁj/a;//éj..;/'//%@/’/m?:/@ d </%//U / /2 /ﬁ@///e’r’)w S

- (}/4/"77'”/;@':’@’72‘/ Inpns @'/f' #1) (%/M//Zd//ﬁf/z/f) =0
There fore the matrix. _€/¢3@em‘q{@ Must ‘Voh/)% 4/4/@! /45;/3; 56
-/AC‘ S‘C/C_Q{/'Q/\.J,’.QL_/_C,_ .‘jf_’)}ié_/_’g/f/,/[(‘!,“,S}hce we have heen assuming -
that Hhe ele C%roék\dy@cf-/-gww_e_ /5:2/{;;% z-dire ctica Oaarq//e/ b the Ll Tys
neons fhat transitions for which Am=0 will emdtt lgkt polerszed
parallel fo fhe field, Similarly one Can chow Hat /£ we have
a _C/'VCQ/Ql‘é/‘/OO./QAK/._,Z'QUKMQZC’C_‘fkgAﬂgj{a(’;[/‘( swwave A(Hs (f)Cofw{' e
transition _will be_Lorbidden (£ He matric element of

Pr= RI(P /s zero, 744‘.:.,#«.97‘,*/')« lement, a2/ éé’f"//?f'vz |
s zere unfess mpomf = 2], A0 s 2L, This fhe Aransitions

Aor which [m: H_wil] resid? in C_(Vﬁa/ar/)/ polar;zed photons (1 N

Vie wed a/o_i_/yﬂe-Z.fdiﬂ’(‘f,/bh)’_ ﬁe}/,, will be /Meaf// /oo/ar/zd/_/er_—
pemo{..fcgz.ar “to_Hhe Lield _when Viewed a/anﬁ 7‘){% X Or )/» d’/‘recf/'ohg |

which Is where we tweve viewing the phofors from ),
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£ k,o.c.z_/;&eu_z‘a/_i?e&a/ﬁ,

[le fore_taking_our_pictures of Hhe ring potiern we had fo_caretull,

aa;/’ay% ke inter ferometer S0 thet its ,ﬂé#.g_azm /ioara//e [ i js /051(’.

_.,_._.b_}z,_____/ao_ﬁ,/J_lj__afﬂ Hhe rings with the wunaided cpe and _maovin j_waj;&e,_f[_u_____M

. head _bach_ard forth_or up. and _doun to see | "[._,_zf»{g-.-}_:zig.j_ﬁ”ﬂf”’ A

N w/_ s Uhiform., It the r/'qu ' ,,M%/’/l IS _hot_anitorm Here are S Crews fhet

_M/ /wj_f{g_gﬂg( ihg ot e bl /Cramezlef.._/__/a/ﬁei, -
" We gl had to ehsure Fhat He potarszer war Otiented in Fhe

/
desived drirection. This_is donep by looking Through The polerizer.

af gt reflected T 4/0/‘eﬂce_wcf qlss _at He brewrter

___0;.»_\y./f{[_.&f_,55_"_),,_~ This re {lected ligh? w)_be polarized parg/le/

__ To_He_ _surface L ie;_g fas s /._fo (£ cone turnt e o brizer _unty/

Fhe_makimum sntencity /s _Feached, He /ﬂo@[ /2 /.’\'/¢.~.@(’/1‘J;.;_@/// )

J/

___He h__«é.ﬁ--_fﬁffg//ez to He (_ﬁ_/o,,ﬁj‘__,.ia!:z.[_a(_e_,.m e
 We took Severa) pictires cf the r /'h/q /boz%rnuq_,f diteerent

St /
 Volu, OF Hhe M{a/ohcz‘fc r[/‘e/qj’. exporing each _picture tor befween

30 avd 50 seconds, OF couwre all the optical devices had t e lined

Lup as 4./06[7{!6(2%. as._possible, and we hod _fo_heep _the_room as.
__dork _as_possible,

oo LUk the_polarizing axis_parallel fo He magretc Gel
o get Hhe dhyz0 lines we foung fhot ohly magnetic fieds
between about Ehlgouss. and [0 bibgouss_gave. sefistac fory prchures, .
_because. lower_fields _did not split the lines enough dor
. easy._resol fich.and__higher magnetic fields led 7o _some . .
___ove _f_/_a/op Ihg of Fhe_Spectral orders, For the ik Componen?y
__polarized perpendicular Fo the maghetic beld we fried

_Q varie ?‘/‘ ,Oiz{'__‘zf[e_/g/ﬁ/ but it was ImpesSible fo kesolve alf

siv lines  without o Ver/a/g,
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U measured the radic of the Spectral lines on He pictires
_using a  Trave ing miccscope of X magnification. At His
Ma_gm‘f/ cation. we Could not usually sec #e likes, al?ho ugh

We coull easily See_the lites withoat the microscape. Using . ...

a pin, we care {Q¢-~MQ_K[C..-.Q._/’G_/éi_,_Q/ﬁ_., each line, and we measured
 the distance betieen the hoks with te microscope, We could

find the distance. between he pinholes_with on errop of _m}g o

1,605 inches, but perhaps Fhe main problem with fhe 7‘664/4706

- was tfhet we coulf A_oz‘___égA.,-fa;/_cmz%e-w/az_/o/,:_a,/_ef Wwere on e
middle of each lines,. |

) 7o reduce %A_eﬁ,,‘a{cz;q_,__c_ae_“ used _an approximate methd

Sajyeyzlea/ mn Melissinos o The method 75 f/'m/@/e CoMpu Fo-
f/‘oha//J but ot requires. ah ek/o/anaz‘/’ah/ which we will now

N T light _enters #he . /_Dt?.é!/ﬁ/oe)'o?‘ of plate Separa-
ton d at an angle & Fhe path lerghh” ditte rence between
ch’(eﬂ/‘l/e// Fransimi Med rays will be 2dcosr& (see dragrom

| th ditberenes 1d cos &

| T gk |
For constructive inter ference (He bright €ringes) fe path
length diffe rence must be 4 _wholk nimber of wave-

/enjr%s/ Lo A= 2dcos€ nzgfde -,
A B=0 which is the center of +he /Oa?%rn/ He /00//{ /f’i}/ﬁ/é

J ,
ditlerence /s 255 so He Inferderehce Order at fhe Center



/7

i5__Nn,= 2d

E  where W, (5 W0t [hgeneral ghinteger, Sihce theve may

7 } ‘ J J/ /
not he a bright Fing 47 Fhe Center. [he ér/J'aW Lihg Closes?

J v/
fo the center 4 wrll afg/geac__oia_@__d@_/e__@_téa% fatis £rer

o ﬂc_,_ﬁf«q_ﬁ,‘q_/_w W= 2 cos 6= N, Cos6, where n, /s He Closest
_,«___,;.l.'é_l.zfeyﬁ,[__ fo_Ne_that is__Swmaller than 4, C'/eqr/f//, %491\/. Nz W= 6

/
o Where € (5. Some mumber_hetween O anal L. The _pth _king.
Trom_the Center _will _occur at _an__anglk &y That

satisties M= hecos. Gy, whert Np=l,=E)=fp=1) Iince &

/

. / / / . Cy Or) o
(S alays  SMall e Ceh tipan I\Elp—as.a_layfor Seriel

o to_get:

n RS GESIGE i

BB Y2 (Batien ])

The Camers was phced ot He focal lesgth ot Hhe lens

(521219 Cm)/& £ which distence the Fady, of Jhe
_are: & .

K/hf_r
Tr T *—[/;:"7(‘2(071'5/5”_/:\1#9/5"" T T T mm e rmmemm e T

_ Substiluting trom Lguatlon { for Gp we gel .
e /;0: ey {epuatiend )
IR et iff—jf E %fi.__(%a“(’“?j)

At is clear fpom ,e_faa//fg__a ___.3_,_7,%_42‘.-.-_1};, "!/32 Shoulf be
. Constan) with _-*@ﬂ.e_.qr_}v__,{égy__zm_e.,-za/ue Whe ther the
i _._ﬁe__/a_/_/;r;_‘_,_.qytzp_/ie/ or Kot (since He ¢ 40/.1‘,95 /n wgc:len/ar‘/: 2be

Ao Hhe Zee man_etlect is_only about- one part in [07). This . o
_twe_ftound fc_be the Case.” The fable belew Gives He
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| h/lCQh and J‘?fmt/ara/ doviation % /o,z/ "2 for o e ren? V&M

ot Hhe. Mafﬂe//( Leld.

Tt o S
L Mqﬂe//( zfre// // - (/’/‘0;"41 dehé/al”// /\?V/a//oh _
(/hef /oo/ar/zec//uaro//e/ 2 R .
Okik gts AT ke 00]3(/th )?
7! 229 | 003
£l 46 LR m‘,__,_“___,w// N
70" eyt | oo |
(iney polardzed /er/eMc//‘ra/ar o R
fo frel O k6. ~/2/l“ N o) A
(M6 o J3Y ooRse |
AL JA0G " o0t "

| Uhe can Lind the Thickness of 7%(’ /m‘fr ferameler with 7‘46 OéWc

ﬁ/ah From 67(/07[/0/’! 3} - ’l/,of/-kl> Sa af//y// Fé/{//

F=/2/. 7cm (’Pf/ "7/74/1 /215 fuches)*

| che. ye%j ro;irﬂate'
B /~ /035/ &/A/M 5 /h /0”’/}00/ aﬂfeemen/ with the hvown

 Value % J=/063 cm(3 27 ar}’oy)
- Tf Here are tuwc (‘/0)“64/ ;}oocea/ CO/w/aoncM‘J Ofa f,ae(‘z‘m/
_,__//ne with wave/wy;% Ay and Ay we caon dbrive. an expression
Loy Fheir wave hamber diféerence (]/ J/y - /]5,) 45 /hg
e number mtreduced on  the _predious /mye £, The €
of ke two Comlﬂonen/j wrll be a////em/z?‘ B Yd

54 0/4)-/7//4) %/ o ~22‘”/1 )
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€= Nogsy ~ /7///3):_ -Qj = Viw) ” 2t Ly ~ iewy

TE py=hy /'%q% [s (£ Here (5 ho overfp of the spechal
__orders _#en we Gers o
S — ,)7;4:_‘,2;: 64 3 //f;uaf L] 7)

2¢

Ma/’mj use m[ e/oaoz‘/au 2 and 3 we fmc/

A _{7_ 1 W.W/O_i/m,. /,/n(/;\ ] I
G 3 ooy (et S)
o e e ‘PHa) POy

I o ~

BN R it Epuation-)———
e /;- , r"/‘fﬂ)-:‘—)af/f—”"‘ . o .

/;am f/\e ar}amem’ Mac/e eqr//fr e. /fnoa/ /Am‘ /;Df/ "Qz /;Y‘ a  Conston?
hea r/v [t a{wehﬂ/em‘ @f Fhe Zeeman_ettect _so that e b~ /;;,;‘ =7 /F/@ /,9@ e

cpeting Subs? Tuting éao//omfﬁ'?’ Coimte T
. Couelioh T we {ing ! __ I S
— o .

S —— - 1{4-_ z é/ LLp () mfy)iﬁé:ya a;‘/ch~7 ) S
e e e e s /—f//;%/w _};1% e o e e e o e

) ’["'5/ the_wave m{mber 6//7[14re/1(€ 5efweeh //h(’f 5}0// él/ 7//{5 |
/quqhef/( 14‘(’/4/ /,(ehj C{// we AQI/(' 7‘6 5/0 /5 710/}'8 the 01/5)'49(’ over
,_ 0// e Meafa/c/ radii (ot a _glven. magnic Geld) o f 6;61:/7‘/04 lo

..i/iéfe /,:0/,4\ /}m /5 the a//(ffence 07[ %l.L Souares of 7‘/{9 radic ofc//fgmf \
in_the Same Spectra/ om’cr While 132, ~1p" 13 The dference OF
e _Sguqres of He Same Com)boheézf W Suca Ssive gpe(fm/ ovrdere,

Companenfs.




/7

B T/\e Values -[Or (% - )}, 7 [ar ﬁe variguS Values 67[ the
__Magﬁgﬁp ,zf_/_e_/o/_-g_r_c_/mAS_en,v‘,c,cLJ.,V\ ,,7,510/e ! Cpage I5), Our Values

or (V;m’f?:{ld)7 Q/ep(’ha/ gh which Coﬂ’l/OOMem‘ of. y/pcm‘ra/ Line _we

falke as CoM/oo/Aenf A and which gne we Say /S Component . 8. 77‘* P
Aines polarized para/// to the field are three evenly Spaced. ihes

with _Chergy ditterences £ "’ /7/ (see +he bav gm/)/' on pege. @?)
- We feok 1y, pﬂ)? as He aém/afc volue of Hhe ditterence /.
/%) adjacent
%Ae Scz_gqy‘e_j‘% 7%@ V‘a/(( (j/ 7/4@ //ney (‘%ﬁ# 7[(7 fOLA 0%‘(’" lh

this_case  the wave number o/,(/eche Should be i .

R AR Al Jf)
- AdF_
_4? 2k

__m/e,‘_ﬁ___,bce,sehf;‘__ﬁ_e_“__'_n_eiafafemenﬂ of(% Yoy 7 for fhe vorwous
Vabues of Fhe magnetic. ﬂ‘e/(/ as well as +he €Xper/me»\+o/ Values . . |

for )/,4 )1;3} for the lines /ﬂo/oVIZeo/ )Oara//e/ fo  the {le/c/

Y84 = 5.33 xig /M/gam

) Table 2
Magneticlield in Wik Gauss <Vm]"’p,m7 5#d, dev, Yy = Yglepermat]) | Uy~ Vg (theorehca ) |
O (not appiicabl Since Herdis ne sphttingm zere Crele) | |
72O T | 003 | AP Rt | 68w’ |
8L L edgr 063 " | JESE an! AP en'
%0 lgms" | 6ot 1761 2000
72 032" | ooks e | L gor o 2747 !

As che can see, ¢ll ey/oer/mnfa/ Values fo;— Up- Ve are low b/v ée fween

/3/ GM/ 20/ Uur ﬁ‘aho/qrc/ c/el//a?‘mhf for /)’/,/"'27 Gh/(/}m - /am) >
would indicate an_error (n D,-T4 &L betwoen /07 and /2/ bul 0f
Ccarge 7[(0 errory S‘/wa/c/ ée r‘am/am i’qﬁer +han Q// zéew//hj fo pohe
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Up=D_too_[ow. The source of hiar ih the_measure ments s most //'//c’év
[n_the measu Vf_“_’.!,@__?‘iQf_ﬂ_ff‘_Cﬂk’i‘ﬂgAC_f_[(___.z_[f,e/(/ . Lh_keasurdin g_the

___magnetic_field we were Caretul fo_move Hhe probe of the gauss-
meter _qround _between Hhe pols of He electro magnet_nH I the
__Maximum Lreld was %uhaﬁ, and Fhenwe recorded this_maximum
__fig[dL_ZA_e,..._/@.tsq,r%/.'cz_m%_,___mgy_ hot feel the maximum Field, in
fact If_certaitly doccnt_on the_edges, The mercury lamp_probobly
feels Qh._average field that is s’z};hif[ﬁ““f{‘/\/oa/_ct_/han the_may, mum..

_ This would account for the experimental Values_of Ty~ g _being
- -Za_wj__iﬁtcemo_az’.__ﬂﬁg{.@ﬁ cal alue_assam ej_a/wﬂ her field than the

_J_amﬂ_.p_.m Iga.é_/_}*_ felt, The Graph on_the. next. page_ precents t he
__thgoretical versus experimenta values of Jy-Fy for the ditferent field
__,-_J;ﬁe_hya _%.A;Q-,L'/‘L_fl_/;ﬁ.ﬁ_?(ﬁ_“ the ¢ Xperiie nfg__/ finc Sheuld be_ _.’2%’:(.?_," 4,—%1:-(-:.
. Using he €€ Xifiw'Tc = 31070, yaud_our_experimeutel _slope |
ot L A5CK T n Casss)] we find _hur our _experimental volve of
__the Bohr magneton_to_be Mg (L95CHY Hnur) VETHE XIS 2
—_ “l‘im(gf_ . _Q_ALQ@,I_.- /ZZ_&’_/Q{U_ _fA_P_QQCC/Q{@d _.*KQ/«C__Q{._ 72 7/(/,6:2%_ Fardher ..
—_.Cothboration Fhat _we were firs lza‘é/%__éri-é@_l’g.c_am’ﬁj __ig_Ae.c;_%_fg/ag_y_.___
___tar the. Magne fic field. thon the merc ary / amp .AO;C.{L(Q/// Lot
o TRe lines ,ﬁo/ar/jZe.ai per ,toe‘flcﬁ.c_a./.a r_To_the Ma g zl_e_ﬁcwqé eld _are o

__harder £ ;_(i'\_,te,):/arfi-w_/f}_(_.(:o!:a/_/e\_g_fc_fée_ory_)__jf!?!:é _g.\S‘_Aa_u/Q/_zyé? middle

Jine, bat rather there Should be three lines on either Y/:;afe of
) Ao,
_ The original unsplt line. The sphit_lines _should_have, energies

S C:/L (th_respect. fo the or ginel_unspht fine_of Y72 f&ﬁ%#af/// and
:__-Z_%ZJHKS_@_Q_?JQ,M on_page 7 ). L
..“._”.,.,‘.,;,_,_-_,V-Qur._irﬁ_r._staﬁgmp%. at_meas uf_ihg,_._/,éc_f_e.__/_/’hff_,@,m‘ at a low teld/
ot |7k 5@_«@,___,4 b s Lield S‘%reh/a}/\ I+ appeared tat the
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Ovigiraly unfplip line had  Separated jnto two Fether fazzy lines, This
s subject fo e Obyious inferprefation that He each of the too fuzzy .|
. Iihes wes acfaq/éfﬂ‘kﬁc componenfs that wete unresofved because Fhe .
Field was fo low. The separatin jnto_tws by smearcd linesinsteoq .

of one large speared line cith all Six Componerts If exploimed L/
the dact et fhe tug (wner [ines are splt in phofon encrpir by

'ijﬂ/é_(_z/é//e Fhe wm //‘m’{ on either Sile afe fg/qoko/m//},‘_h______m_v_;_m__
ehergy fy 0"// l—%ﬁ/ heuce fhe field was prokobly é’jc"&hﬁay‘?_, o
§resolve fhe two inner [ines but kot the Closer spacing of the fhree .
lrnes oh e ither side. Jo Test #His A//o/ﬁej/j we Cafled Fhe [nner
radius of each Fing e Component A, and fhe outer g radus &f
the rm7 (om”pohm% 5/ aha/ﬂ@u_e__‘kﬂeqmreq/ (/;,,;} -%7@4 64,,,6/

the Wave humber C/f/{feren(g' '7—/!_3_0;’6_%/.(_0/99 we would e,r/a'c/é% S
that the lines would bp Split (n_ photon energy é/ Yy H, since . __
we were faking e ey oufermost and jnnermos éﬁ% /meach Spectral

order (see graph page ﬂ,_%._,__ﬁ_e____k/al/e number ditterence Should be:

L KelTrge,,
o o Ug Dy Cheonded) = 38 )00 " cm)
ar ex perimenta] Value For. VyzJg was 2./2 xm“(cm)‘j which.is 337
below the theoretical value, This d:s Crepancy /s /ofoéoé//‘ e_,v/@/a/hec/ MOY%%/
/77 the /0h719/em of Measuring %Aey__mqyn‘cz‘/c field discussed earlier. Since
the field S fffhyﬂ was 56 mach_lower in Hhis measurement.  than Ih Hhe .
Measyrements @oﬁ_#e_ﬁhey /a_rq/_/f/fo,f/«eﬁe//j any eror Mmade /n measaring
the Mjmfic f/e/W /S /"’\_Q\_ﬁm//w/“ne_./nho/nagen'e/ft/ of the 7(/'6//
can alo have a /aryer relative effect.




We tock other pictares of the lines polarized perpesdiculer o
the Lield for field Strengths betueen 22ké. and 124G, hut _host
. OF fhe pictures were unusable {or_measurements  becaure Hhe Overlgpping
 was. _difficult fo O_/eferm/he.,A____/lf__,él__?[l'e_/qf--ﬁﬁhgz%__af.,_z.f kG /AOQ}AJ__
__the_over /G,D/W'j .f.e.e.!ne/_.._é/cé( _r_ej_ulqk_ﬂ_c:kc were Three lines /h_
e ach f)be(//-q/ otder, al/ €V5n,&',5/0_agm// and (n #ct The spacing between
 the lost Component of che Spectral order. and fhe first componen?
L of fhe hedt Spectral order wis fhe same_as Hhe spacing of ol
_Other adjacen) (ines. The obvious inferprefation of #is pichre
iS5 that Fhe three Componenls on_either side of Fhe orghef temp
_bnsph# line ape _Separated by just e right amoutt for Hem
. T OVerlap with the lines in the het  Spectra/ order. Fic forially
we Can See fthe effect as fhist

h-T: | - TN . ? ":‘:il
Sp C;/r: ? %S— glelfg/ ZPVp'% mm??\\:fjdj);i;_ ‘ A C
arc/or ' S'pgc#rq/ - %ﬁ“ 4“'-';#'72;" inq . // i
ayder h / o — - AO yll(’ ¢ )[’e/ql

W:_'M the reju/c)r O(/e):/,af/m‘n} g(g/g_f‘c fecdd [h _the _qbove C/faymrh_ Che
. Can See that the wave humbper _L’/_{férebae__@dﬁﬂw(/_/__.ne_?_/@(//jke& /96"%.
tor all ad Jacml_ //"hfSH JRis  sorf of tegular one_r_,/_aﬁ,w/‘y,ﬂ Cen
occur only /¥ by ™ Yoy 715 @ multiph of Ly =17 which we
found  to 'be frue for Hhe pichire at T8 hlegass. We Hound Ly~ 17 5+.03

and Ly =57 =.0207, Our experimenta) value Fir Hhe wave namber

7
Y
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ditlerence was there fore D=, /[-25}“‘6(//{4(}1 (S /Y below Jhe fheoretica//fy- ”,)
valie G/ AE2/24T. This is in [ine with our e measarements of
the [ines /Jara//e/ to  the /maﬂmv‘/( z4e/a’ w%cre we were Com/r%m,/}/
low b/\, [3-20% 71/; of (aaffe c/oer hot mean fRat oar
[nterprefation ot the Ouer/aﬁ Oh 7%5 prcture js (‘orrem‘ but

at_least our interprefotion [s con s__/_x,écaz__a_f_/_ﬁ,.p_a(_,_,{/?zfz_‘é@ﬁcf_w -

measyre ments ot Fhe Sir lines ,po/or/zec/ M//Oer/oenc//(a/of
to _the Lield _would )’eamre‘ @ _Fabry- ferot (nter feramefer
of Azq/ner Linesse ( F 7/Y) So anf/Ohe could resalve the .
(omlponenk without over/a/a

Conclusion e e
A// of _gur _meaSure meyf]  loese WW }//é’/c/ed /ower Vo/aef

ot the Wave number difterence than €A//c(feg/ Jhe Mmos# //)/c//

e)(/)/ahaf/ah ér Fhis C/owhwarc/ é;a& _wa?t %Aaf We f‘ccom’ed the l/a/ac

#ar Fhe Makimym Maajhezl/( 749// while the h\crcur}/ /omp“_/_ee/f g /"Oj/rr//c .

 treld 5ub§1‘0n7‘/a//}/ _wegker, Meawrmy the. _maghetic fe/z/ telt év the_
—Mercury. lamp _would _be _diLticult _Since the mercary lamp ////ya e

finite yolume over CUA/M Fhe Maﬂheh( 1[(/4/ ygries . afea//v CUcM_ng

USe_Our Valus tor the Wwavenumber di r[ft’tf!v_(c,__fGM_!(eQ/_I(_&’,_,A.0_.f’!._@9/@!’0&@4][&_

__Value fr the actua field ftelt 5/ the /omp, Sihce cur _wavenamber

differences Were Gbout /5/ /otu e Can Sa)/ the /4/ felt é}/ Hhe. Mcl(&7 /0/44/7 o

I'S  Ghout 154 less //\ah,, fl recorJec/(wA:(/\ S the makimum_ field. ),




el fa rrald
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| Z.ith Ioo/q,?/‘,z,eo/ /er/eao/r'cq/qr fo 1[;9/9/

H=0 (polarizer rempred) 7 T T
},_ - e+ o v e e e
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