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PREFACE 

In previous uork on hyperfine separation by inter­

ference fri c raeasuremonts , tho reduction for:nu.lae re­

quired measurements of tho radius of tbe fringe sy.ste ... s 

as measured from the center of the interference pattern. 

It is i poss bio to find the center accurately, so mea­

sui~emcnts ~ere made of di ters of the circular fringe 

syste s . To eliminate t s inconvenience Dr . R. A. F sher 

and his students nt 1.ort 1estern University have dovised 

a nev, set of reduction. formulae uhere only differences 

in adjacent fringe orders a.re moo.sured tlthout recourse 

to radii easurc nts . This simplifies the asure ents 

immensely and greatly increases the possible accuracy of 

meas rement . The purpose of this pn~er is to oxpori en­

tally verify tho Fisher red ct on formulae . 
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'l'ho author· Hishe:2: to express his deep appreciation 

fo1" ·the r:10.n::,r invaluable conferences held with his 

advii:101~, J)x•. Alvin V. Porsh:t:n.g, on problems 111et w:tthi:n 
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IWTHODUCTIOJ\T 

11he woll-kn01vn green line ~54;60.7lt of m0;rcu1..,y i.s 

due to the 11tomie transition 6s7s to 6s6p. It can. be 

shown tha:b S;to1uic. t.ra.nsition levels in Hg are due to 

Russell-Satu1dt.n•a t.ype coupling. I.n g$neral a.toms w1·bh 

f'ew valence electrons {almost empty outc1.., .Stone1"' shells} 

will obey Russell-Saunders cou:plin.g and atoms with :rew 

holes ( almost eomplet.ed oute:r Stoner shel 1s) t1ill obey 

(j ... j) eoupling scheme rules. Russell-Sa1.mde1"s ox• (LS) 

ooupl.ing is due to: au orbital moment L p:i.<iecessi:ng about 

a resultant J and a spin resultant S preoesa:tng about; 

the sa..'tl,e result ru1t ~T, or I 11. :: L, I a1 : S, L + S :: J. 

For ( j-j) coupling each l:t anc1 s1 add to f'c,rn1 a resultant 

ji and th0 swaraation of ·~.he.se Ji I s gives ·t;.he final J, 

and the Pl"'e,cession is that of the incUvid1.H1l 5:t ru.r.101.tnd 

tho final Jt 01" 11 +, s1 :: ji, I .:li, :: J .• 

The possible orientationn. :Ln (LS) &-;.nd ( j-j) coup-

ling f'o:t• the two-valence eloc1.:;1"'on are shorrn :i.n Fig. 1. 

The possible tranDi'i:;ions are shown in Ji'ig. 2. 'the 

int01"lco11:i;bination lines ( singlet to t1~iplet) are ver;l 

weB.k' in mo$t cas0s., i1s here, al though in some easer? 
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intorcombination lines are very strong duo to a piling 

up of atoms on one level , which spill to a lorer one in 

sufficient numbers to lve intense lines . An example of' 

this 11 spilling II effect is Hg 6s6p3P1 - 6s6s1s0 , ;\ 2536. 52, 

Tihero the electrons pile up in the 6s6p3P1 level . Ho"\r­

ever , these cases are unoon..:1on and tho transition proba-

bilities f'or interco bination lines are quite lo·.,. Inter­

combination lines occur only in fine structure , not in 

hyperfine structui~e . In tho figure tbe intorco ination 

linos are sho··m as dashed lines, and these transitions 

are of no interest here . 

The intensities of lines are gro t est for transitions 

in 1h1ch (1) J and L change in tho oo.mo direct on, i . e ., 

3p2_3(!1 is ore intense t han 3pl - 3s1 1 rlch in turn is 

more intense thru1. 3p0-3s1 ; and (2} t tranoitions have 

the highest intensities · ch have the 1irhost J values , 

i . e . , a t~nn3ition 3D3- 3P2 i3 oro intense than 302- 3P1 , 

in encrtl . 

Fro t10 first oft e relations above ~e aeo that 

in Fig. 2, the strongest lines correspond. to the tran­

sitions 1~0- 1 P1 and 3s1- 3P2 here e i ore the inter­

combination line 1s1 -3P2 , and from (2) above ·c see th.at 

33i _3p2 is the stro est line in this group . From energy 

di f , 3, 
level agr so mercury it can be seen that the 

2 Ri chtmyer , F . K. and E. H. Konnard, ~ . , p . 358 . 

3 Herzberg, G., Atomic Spectra~ Atomic tructure , 
p . 202 . 
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to the v01"y intonoo 

gre on 1 :lno, ~.!54.6 0 • 71-~. Fx•om. tb.o intc:ns.tty G:.r.td tl:ir~ fact 

that th.:t s 1 ine 1 ·tc"' -;n -:t n.~~,.,·t· of' "G·1:-c: "'"'A"'tr>·L·•r.1 •• • .. s,;, .J. CJ, ,t· (.; • .>. , - .f..lf:) °"' J::J v V •" -!... 

uccess1ble f01" v:t.sual obseJ:"vat:1.on, it rn:.ts c:'.ec:td.od 'bo 

) 
/..~ -,-, 

G-e 1 Intro du c ti on ___ , ___ :c_......,._-"_,,_ to 11.tonric ----··-
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TIICORETIGAL CONSIDERATIOMS 

The hyperfino structure of' spectral lines has been 

suggested by Pauli.5 to arise fro a nuclear r;mgnetic 

moment d its associated raechanical r.10 nt . T re is 

also an isotope ef'fect ( due to f'f'eroncoa in nuclear 

structure, not t.1a:::;s difforencos) , l ch f'or our dis-

cussio re •111 not deal nat0 as hyperfine structure . 

Here 1,70 ~ill Lmderstand hyperf ·no ntructurc to result 

fro Pauli ' s hypothesis or a nuclear "aus ezeiclmete 

Achse . ' sin tho cnso of' tho apinni eloctron, this 

axis lill be associated with a. magnetic moment , moso 

interaction w~th oxtranuclear olect_ons 1ould give rise 

to the oner y terms causing hyperfine solitti of the 

levols . This n.etic mo cnt ill be aasociated rl th a. 

chanical monent of magnitude i"lt ., v1. ore i is a no 

quantUl'!l. number, tho nuclear opin quantun nur.1ber . The 

magnetic oment io probably e/ c times tl mec':ianical 

o .1ent, whero I, enotes the proton mass and is thus only 

l/l8,38th of the electron moment . 

The hyperf'1.no structm."e of energy levels and spec­

tral lines arising f'rom a magnet ic nucleus can be 

5 
Pauli , ; . Jatui~ issenschaften, 12 { ay , 1924) , 741 . 

See also Pauling , L . and S. Gouda t , The Structure of 
Line pectra, p . 203 . ~ ~ 
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described b:y the o-"' the vecto:r' 1ri.odel. It . on.ly 1:1SB .!. l.3 

necessa:ry to add the nuclear .n1oment vector to th.e :i:;1odel 

used. to give tho fine struct1.1r0 of ene1~gy lGvol s and 

spec-tr&l lines {Pig. 1). Tl:10 ve.cto:r.· ·model fo2.,. (LS) 

unoc1 for fine nt2"'l.1cture onl:y in t.b..e fact; th.at in.stead of 

o.nd ;j·'·, we use th.a 
...... ,,,.:, .. 

t"·, and p'' 1.,.e spe e-

added to ;/{' and the rGmtltant 1i~ ts the tot&.1 mecha:n-

ical n10:aent. Tho vector model f 01" b:~v:perfino s.·tructu.2:-,0 

vJill not be l"epoatod here e .. .s it is tho same as tho 

:model fo1., fine struct:1.u:-0 pX'Ovidecl the above substitu-

tions mro made. 

g? ·= J.--
; 0 f:111d 

!::) :: 0 or l 0 or 1. Por the I' / 
O;;!Op 

L = 1., S = 1, und thex•efoJ."e J :: 0, 1, or 2. 

Honevor, as r-10.n-

tioned earlier, tho line VJO TJ:'tsh to c:on-oicler, ~51.1.60,, 71i-, 

is due How :fig has e :tght iso-

't;opes .• All oven atom:tc woight Hg isotopes 196, 19D$ 200, 

202, 20L1- have no nuclos.r spin mmJent t'" .. The nu0lear 

spin moment I ~~!.. ~ T' r, I o:i: ..:lg 1-:,'9 is l 2 and that of Iig 201. is 

3/2. fact 



the relative abm-idance of: this isotope is only approxi­

mately o. oo6rf of all Hg i'ound in no~ture, and separe.tion 

of -this isotope has never been cai.•:i:,ied out; oo :no v1orJ3: 

has been done on it. 

Tl10 su1i tting of the 3p0 line for I = 3/2 is .. t... 
shozm 

is the vocto11 suJ11 of I~'" and ;(1-l-. ':f.lhus we obtain tho 

splitting oi' anert,'Y levels fo:t> 351 and 3p2 which is 

uh01.7n in P:tg. Jc. nith ·r : o, 1/2,. and 3/2 corr•espondin,g 

199, and 201 .. 

1.J3.10 rulee f 01" the nru1 tip1:1cit;y of th."; spli ttinr; m•e 

.rrt ;: 2J + 1 fox> J < 1 O:t'' n :: 2l + 1 :ror I < J. 

wi 'tl-::. J. = 0 are cJ. \78.Y s s inc;.l o ; and rd th I :; 1/ 2 all othe Y.' 

terns nith J) 0 2,h01g a splitting i.nto two eo:mponsnts., 

end so fort1-i. 

:not by the mechrm.iceJ. L1.oment, but by -the m,agnetic moment 

of the nucleus. ~~he ei'fect of the nuclear :mechnnicrnl 

sp:tn is to create o. :nuclear n1-ai1netic .field., r;h:Lch., coup-

ling ,;,,i th the magnetic .field p:r'O duced by electron spin 

tu:ee patte1m. ·rhe pr'oposed theories of nuclec:..r spin 

attribute the nucloa:r." magne:itic properties ·to p:eotons end. 

6 
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neuti~ons. Fro111 "the small values of nuclear s.pin (9/2 is 

the largest observed nuclear $pin) :Lt 5.s p.l."obable that 

only a ve-i ... y f'ov:r p1 ... oto1:is anc1 neutrons in the :nuoleua con­

tribt1.·t;e to the m.ugnetic properties. 

The interaction energy of a si.ngl.e valence eloot:Pon 

screened :Crom the nu.ol.eus by a shell oi' -olectrorw ~ is 

given by7 

G-... 1/ • ( t"*2· I{z..2 . Jt:2) · . 2 a·· it·· ·- - ·- · 

where 

ti' ntt'2z z 2 
0 I ,l.l,,t). · i o 

H01"e H is tho Rydberg constan:t for Hg (109737); K 

:ls the S0r:1U01~f'old fino st.1~ctu:r•0. constant (1/137).; z 1 

i.s the value of Z innq.r and Z0 is Z outer; n0 is tho 

effeot;ive value o:f the qu:antur.1, nu.'1.lbe:.P n; and Cr is the 

ratio or tho nuclem~ nech:anicnl ap,in r.m~'!ent to that -of 

the nuclear spiu raagi1:etic moment., 

Z0 :: l.,. but in rae;r>cury we have tv.ro va.leneo el.eotrons 

"""" .. , n f";, 2 ........ u 1.10 ... ce ~0 . ;: •. 

:ts 76 for · the mcn~cury p olcotron. 

7 3f-1 ·'...I ...... 
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T ·/.· 2 - :: R no • 
-:i t'· · 1· · l "" 2 ,3 · t m 1 l'rom · . .r1e onergy eve 0..1.agrar.as we ge · i equru.s 

21700 om-1 .. :, Ol"' 

n 0 2 :: R/T·~ 109737/21700: 5 .. 051 

vth.enee v-n := 2. 219 and n0 3 :: 11. 37 J. 

Considering the t-ra:nsiti,ons i'o r splitting in the 

S state., tve have 

For the P state we have 

a..pi • g.I (0.~9398} om-1 • 

For· Fl{1; 199, I :: 1/2 and gI ·~ 1.11.o, t.htl.a 

as' : 0.097938 em-1 • 

t J. ap w 0.010338 om-. 

T'.hen, ror the s level, 

rhs = 2 

~= 

t· 
,.. c&3 

Sinlilarly, .for the P levelif 

For P,,g 201$ I ::· 3/2f' g1 ::'. ... , o.I~l., and f'oll.ouin,g 

the same proeedtir-o as above. we get 

9 ·• 

10 

as t ···~ g:r (0 •. 089034) 

ap' ·= SI ( 0~009308) 

ur.aite, H. E.,, Ibid: .. , 
·.~ 

1c'fu1te, R. · Et •. , Ibid. - ' 

·=· - 0.036504. cm.-l. 

o •. 003353 · em·l. 

p .• 89~ 

p. 372. 

8 



9 

Then ;f'.01"' the S state, 

ri;s - 3/2 as t -
Q ... 8.s 

t 

~ 

r;'s 5/2 as l ""' -i 

I ~3? 9/2 au 
t _, -- J. r;;p ·- 1 ap t .., 

1 

0 - 1/2 a.. l 

'2 - p 

Q ""' 3 ·8.n.' -l " 
The resulting sepru."ations are shown in Fig. Li .• From 

the 1--ule fox' intensities, I : 2F1 + l, it coJ]. be seen 

that the centel" of gravity :is not shifted. 'J..91.e actual 

,sepm"'a.tions in tc;;.-,111s of' v\rave nu .. mbo:i:"'s a."':'e noted on the 

f· igure a.1 so. These huve or course been obtained by m.1b-

stituting the four values for' a 8 ' and ap' fron I-Ig 199 

a.n.d Hg 201. 

The allo1:1able transitio:ns £or Hg 199 :are-

3t)' 
? o.03!:.1631 -1 

.f." 2 ..)$1 -= em .• 
'1 . '1 ..... 

Jp? J.s, ·- o 06J.ih76' cm. -·1 
~ ·- '1 - - 41: ,..t.,.I!.,~-

"I_ 3s1 0.082431 c···a. -1 :> .e,, ·"'!"f,· -311 c;,. '12. 
... 1.k• 

:L1he all0,wabl0 t l? O.l'lS :it i O l'l.S fOl" 11g 201. s.re 

3p? 1 .... 0 Ql. )10"' cm • -1 ... ...... )1 - -~2, C-
~,, - • ,,. ;; I ,. 

3·•)' ".) o Qr::'.668? -1 -'S cm • S/112 .... 
4':W: 1 ::. . ' ;;;,. " (,, 

3r:)2 .. 3s1 O. 0 3ti-.578 crr1. • .... 1 

*"' 
I# 

J/2 -
.3,,.; 

~l 
t I'_ .,J ,..J_ - O.OboJl!;) cm. ~:l,!:'2 -

3p-:, -~N o o:.:::l 9' r:: -1 - -'01 - ' • ·-'-~ L!-.? am. 
"Jl::z. ·- 1/i_ - -



0 .. 091260 

0.048969 

0~036504 . 

-----------

- 0.097938 

Even Isotopes Hg 199 Hg 201 

0.011339 

0 .. 010338 0.011559 

------- ---- --
- - _ ~p2 __ o_._0_0_1_9_2_6 __ 

- 0.011559 

- 0.015507 

FIGURE 4 



3,:, ~;2 
'\ 
;ip,.., -
~,:,.. 

3r> 
~1~ 2 

33] 
~1 • 

3s1 >11. . 

3s1 
~2. 

0.079701 era. -1 -· -
: 0.019166 cm. -1 

0.073922 cr:1. -1 = 
The WGtV@ nur£1bers follovring the above ·t1"0..n,'31 tioM 

nro exp:r'essed in term.s of' sepo.:r•atious fro:m tJ:1e nor:.mal 

Actually, it vdll be seen lateJ? that the measU.1"(!;-

m.onts a1•e of d:tf.fero.nces ln .hyperf'ine lines 0£ Hg 201. 

The 1:tna dif:f'erencos for 1Ig 201 are 
? ~ ... \ (>I'> 3 . ., ) 0.023118 -1 ( .)P0 ... -)01 i ... ~{'l ~- e1114i 
\ c.. f1 · · ~1 - -

( 3·p 3s1 \ (3·o Js1) 0 01J1 n5 m:n. -1 ,; ~? - ~·· J - ·i~ ..., ::: :.· •. \... ,..q ... u. 
~ ~- . ~-."'- ,fi . 

(3p2 
"' (3p") 3~ ) o.oD5~B1 ..... 1 - .)L-. ) ... - ... cm. 3;:l ... $,'tl ~ .c;. ~)1 .. 

( );, 3s1 } ... (3P0 3s1 ) -· 0 .. 091260 en. -1 
St-'- 2 ~'. ~1 

·(__, '~ - ·-1 

" 3s1 } (., ··1 }G1) 0.0096.33 -1 { .:..ip,, - - .,) J;: "' - -· cn1. ~r,- %. ';,. c'. -Y.t 
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The choice of' light sov..:r.ce ls dependent upon the 

purpos.e of tbe :tnvestige..tion .• ·:Phe arc source ls not used. 

The 1."15.d.th of a f:lpectrru. lioo :ls af'fected hy :mtany 

(1) Radiation line w:Lcl"t.h 

(2) Dopplel" vddth 

( 7) Self-revers el vridth 

Por t,h,;3 pu11_)oses at hand, lt. :i.s not. pos13ible to go 

lntersst~d reader t7lll find a complete t1,eat:nw,nt given 

by other means .• 

.. ·~ 
J!!. g.~ _Hesolu.tio_.n.. SEec:tro,scctn,r, 

-. Hilt...,,.~• 



employed £or the 1.'05ult:tng lines a:i:-oe too broad, and the1"e 

or at least spUJ:":i.ous sel.f-absorpi.,ion ef'fe:cts. The con-

earliest published measurements of hyperf'ine stru.ctnx•e 

Without; going into detail on the theo:cy of line 

broadening ·nhicb . .:ls cove1~ec1 in. tho reference given., a 

will be 1n0ntione d~ 

1 ~ 
The Doppler b:t"Gadonir~g C!5i.n be shO\:'lr-' to he g:tvc11 by 

'Ir{ = O. 71 x 10..,.6 ( 'J:.1/M} ·l .JJ cm. -1 

In the case of the :i:u:ercu:r,y. g:rocn l.:tn.e this res:uJ. ts in. a 

bJ?oaclen1ng o:f 0.016 c1:11.-
1 at mri arc t,.31:z1p1:::t'atv.:i?o of 

36000 Kelv1:n. The broadening .:La least i'o.r> the heaviest 

el01,1ents uncl at lovr temperatv.rcs .. It is now eJ.n1ost; uni-

·1 ' · .• t-i- ] • • ·i • •1 • G -1 1 versa_ ·co use ei . ..1,l(H" .1cp.uc, a.:tr coo.1.1.ng on ·e.1..ss .er 

tubes 01 .. atomic be&ms for h;yperfin0 ,pork. 

TlJ:o effect of self-roversal is that re.sontmce lines 

J:12.ve the strongest tendency to self-absorption. 

re sul t.s in e.. serious b1.,o adcmlng ef f'ec t. If the densi "ty 

of' the absm:,bing l'.'.~.Olum.n. progressively increu.ses a 1n.Ol'"'e 

'1.2 Tol8";,11.sky, ('i OP. ·tt p. 22. 1J• ' '~~·-=-~~ , -
To1ansky, s. :, Op. cit .. .,, P~ 6 - - • 

13 
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spu.rious struct"tn"e by self-reversHl. Owing to the 111uch 

h:I.ghe1,. opacit'j~ of the oont1"0.l portion o.f' the line, the 

center of the line ls n10:z,e absorbed th&'1 tho wings u.11.til 

with. a suf.fici.e nt concentration co:m:pleto self-reve1"eal 

This GOnsidsr~rtion :tg o.i' !ID.:tch mo1:>0 tl:tti.n theoret,ical 

on the inte.r•co:mbination resonance line )\2537 of mercux•J· 

in which 25 components we1"'1e obser•vo11. 

established t.hat this line has no moro thtm five read:lly 

observable conponG:nts .. 

or ver,y b .. :tgh vol_tageo c.1.1"'0 used. 

In light of 1:'Jh!:t't h.as been so.id .it. ca.11 he seen that 

· 1 . l avaL ~J>:..e. 

'I'b.e o:o1y justii'icat:i.011 fer its 

1 ') -.:> 



of plano 

layer oi' a highly r•eflectlng 1:110tel,. having o. rei'lecting 

coc.fi':'.Lc:'Lent of: the ordc1:" of HO pe1:-, cont to 90 per cent. 

falls upon such a pai1" of' })lat0s separated by an air gap 

J. ·C-"'rf-{.,.re-l•,:,,rc_, ·J•h{ Cf'" f'rir1r;,0·,;• Of' 6fflJ'i1 {' '-·"·C"'.L ·7 p,;;+'.,1(.)Y'J_· ~,,,,._,,,.., li · QA,J.~..J...,!.,__,!;. lJ·V O Y-.'l,,.,._ ."''l..f ,(.,...· . -'\._-j..·'4~ ._. "":l,,. ... 1.:..,,-+, -t- .]. 4 ..• J..\;.fu,V,k "'- .... r.,..i;.. \'.j 

All light incident; alzmg the su:r~faee of a cone 

:mL = 211:t cos 

:index. or the medium bet,:1een th.e plater;., 

equaln 1, ru-id 

111 = 2ntv 

dv : d.r.1/2111; .. 



the next elm equals l. Hence the wave nnr:'11.).el"' chenge 

betv.rocm ox•ders is 

Av :: l/2nt. 

cm1 bo adjust;ed .. 

the different; eon1ponent s are to be in phase with each 

lf 01;:;1 :ls .not 

s.hip ,Hill exist •. 

There ar,,e f ivo :1 .. ead:U.y obser,ved componcnh s of the 

Hg green line, all hav:lng (liff'e:t'cnt dv sopnrationa 

Th.e:Pe 111ust be a least cormnon 

mul tiplo of these sepaJ?Ei:tions fo1.1.nd such 'chat th.e value 

of' t chosen brix1g~ all the component hyp0rfin0 1 ines 

into phas 0 1.1ri th. each other. Hince the sepn:1:,ati.ons are 

It is a 

l"'athe:';::' tedious tasJ~ to e.djust tho alr gap to th:ts c.1":tt .... 

ical t, as the r1hole method :Ls sirn:ply one of contintwus 

adjustment com.bined with visual observation of' the 

resulting f'ringe s~;rsten1 until the desired phase 1..,ela-

six components instead of 

five. A .f:tnal adjustL1ent of t Vloultl be necessary to 

'1 ,..,, -:> 



Hovmver>, in vior1 of the 

to pu1:sue this lins of r:0.ttflek ;Ct1.:i:·th0r and attont:Lon was 

photograp1:1 of' 

so n is usually cons:ldorecl to be one .. Actually, in ah., 

n = 1.003, but c..s long an one is 1n0ag1J.ring J~ine dif:f'er-

1to.nt. 

Ritt:e;i;' and Lau b.ave developed a new system. '};hey 

u.se trro Fabry-Perot interforomctors in. sox•ics. 

gap they used dcn.ao f11.nt gl&",$3 rtlth n :r·o.f'r~.cti ve index 

for the green lin.e or 1ner><YL1I'''Y·" 

'J:hs·y increase tho 1"'esolving power by a factor 

This 

$ince 

is used in t;b,l s 

will be used. 

and Lau cle.:un a r0sol vi11.p; po·w01"' of 5,000,000. 

l5 
(11£:~Y 

1r1 t;te 1~' },j '.• ac11.cl 
31, 1932}, 190. 

Le.u. 
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lC' Hitter o.nd Lau .:J. 'J.!b.o paper b;r Hitter and Lau. co:ntai:nod 

taken to domons.t1."'.&1te the s1.1,po:r•ior resolv:Ln.g powe:;.,,., of a 

tion of' thE.>il" pl2.te to hs:xre 

tho cal cul e.t.ed separations. 

coll:Lmathy;; lens 1.;1ras used to yield pa:r·allcl l:Lght. In -the 

pa:r•c.1le1 r·ays into the tielcl of tho Ii1ubry-Perot i:n:te:ei'e:r:-

17 



PLATE I 



The photog1"c:phic praocess used uas e::d::remel v s irimle. ~... - -

The eyepiece of: ths int0rJ'ero:meter v.ras focusec1 H.'t infin-

ity aJ:1.d tho ,)atne:r.a (al.so focused 

It; 

l:i.g):1.t; iz1t-0UfJi ty 

Por t;hi.s 

reason :t:t YW .. e fol i; advisable- to f'ocus evo:r"'ythinc; at; 

tv .. ro at -che cancJ;>a was found to ha .. ve 110 :not:'weo.ble eff'ect 

stop of eJwu. t f16 .for t:he I , .. 
. v 

to leav0 the lone 1.7:tc1e open so the allgru.:ient of' the 

best 

cam.c.:r•a. beb1nd t;he z.~yepieoe r.rould :not bo so eri tico.1. It 

poses ·to 1.rtereJ .. y stand the 

13 



PLATE II 



enough t-;o bring it up to the level o:t the intorf'e1 ... omete1"' 

eyepiece. 

tions in the build:'Ln.g ',!J.1-1:l.ch vmre not oi' a e-ont:tnaot.1s 

n&ttu~ee s;'-;ould have no appreciable ef'f ect on the .sh1.1rp11css 

of -the negative i.n1age. 

Ho cor3:-,elation v:ras obtai11.ed beti1een iW,H1sur{~:ments of 

lino so·purati.o:ns ta.ken on the au:t;hort s photograph and 

those calculated by thG theo1":j. This v1as t111.doubt0dly due 

to many caunes, hu.t tho two p1.,j.1'.lW\.:r'Y o:nos 2..I'B :tolt to be:. 

(1} the i'act tlHit the int;0:.::of0r01uote1-'" plates \;,re:r>e not 

sopara.ted 'b:v the prope:r~ distm:we t.o have the 11nes in 

phfU30 in SUCC0Df31Ve irrbe1 ... f,n'e:nc-e 01,"'0.BPS, ::ind (2) tlH.:l 

observation. ~:he resolving powe1"' is very much d.ee:r'eased 

by platos v1ith a poor l"'e.fl.ection coe!'i'lcient. 1.11.ni.s fac .. 

to1,., wo.s very appa1"ent as tho silver C.081.ting :Ls 1:o. rather 

poor condition on tlm J.nt;erfl'..n·ometer used, ho"7ever this 

is relatively unimpo1.,tant as. the .:t'ull resolvir.v; povrnr of' 

the instrument could not be utilized due to tho la.cl-,; of 

8. sui.tablG light S0UJ?C0. 

In vie·tr of' the lack of correlation between tb.e cal-

culated results and the :mt:.:H-"csurements of' the a:uthort s 

photo6reph, no da:ca will b~~ gi vc11 on :tt, .&1.l.though the 

phc,tograpb. is 1,sp:r,oduced. :in Plate II. 

is I'ep:i:•oduced on Plate III. An enlarged view of ·the 

19 
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were taken. 

Since i:n t;lle case of .Hitter 2nd LG1u, the interf-er-

a f'actol" 

equal to n, the 1:>efract;lve index .o:f the glass. Thus "tb.o 

tiple :r.,eflections Yli thin the glass ln1pose a sev01"'e tezt 

on the u:nlforml ty of vefracti vs index. 11Jds effect is 

felt by technical . . 16 opt:;tc2ans to x•til.e out; us0 ot tho 

!1~r11e.J?fine seJ)arat;ic)11s. 

goes outwa:r•d f:rm11 the center of the fr•:tnge rlatter11, so 

i't i.s boat to take the m.e.asu:re:m.ents on orde:l''S be.yond the 

.first fcn:r cen:t:r•al ones 1f pos.s:tblo. In the photograph 

the f5.ecld is cut oi'f e;t the midcUe of tho fourth orde.l\, 

counting the central order as the first order. 

inade.qt.:i.ate "test of the vaJ.:ic.11 ty o1' tJ1e thro<':. order 

red:uctio:n .for:m.ulae, al thougl:':t the r0sults mr1y be expect;ed 



!"LATE IV 
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to 1:>0 of fai1"' accux•acy fo:c the Jc;wo order re due tion fox•-

mu.la as t:b.o main BOll;"':'Ce of distor't:Lon aeems to be :i.n 

the central fringe o:r•der. 

The Fisher reduction for:mulne w01•e conveyed to the 

au.th.01--.r s adviser, Dr. Alvin V. Pe1->shing, by private 

co1m11u.nication.. As Pl"evi ou.sl y 11.isn t :toned in the p:r•0f' ace, 

tl'.20 purpose of th1z paper is to exper•:Lmentally verify 

the F'ishe:.t' reduction for:r,mlae. In vie1r1 o:f the p:t"ecedi:ng 

discu.ssion, 1.m:Co:r?t1.,1.no:t0ly the best to be hoped £'or is 

an s.greement between the two orc1e:t~ fo1--.mula and the 

theoretical separation. 

The rr1es.sux,e1:n.ents to be l"E'H1Uced t'J'eJ.:-ie ta.ken by 1.11ee.:ns 

of a cathotorn.et0r, e, photograph. of uhleh appoal"S on 

Plato V. 

Due to the t'ac-t that the line centers could not be 

deter.mined s1.;1ff:lc:tently accu.1"'0.toly 1 the measurements 

wex'e tU:un1 011 the edg0s of the linest and the edge 

measurements YiOl"'e averaged ·to find the centers.. The 

sivo1->agos of thi11 ty ren.ding.s on each lino edge i:n con.ti-

:meters are as follov,rs:: 

C o 3011"'9 . • ./¥,_ .. c- $ 

D 0.9095? 
E 1.16010 
F 1.30190 
r• 1 t:'I r.' ?Q s .• ;nj . .::;,:.. 
At 1 .. 9~.8l7 
Bt 2.154 2 
er ,., J?liO? C•· _;.,,..'f .. ..; .. 

Dr 2.99320 
rr• 5.23198 
1rr 5~ 37ifi-3 
Gt $.55 lL5 . 



PLATE V 



AY 
gtt 
en 
DH 
T.•'!I 
..tJ 

pn 
G"v 
11n1 
Btir 
en, 
n111 

17ro111 thlts da:ta the x•esul tl:nc lino centePe1 are: 

0 .. 91~6°0 
1.07984 
1.23103 
1.42355 
2.0~f-70 
2.2l.,Ll-~}2 
2.66301 
1.L.11259 
cl: . . :, • ':iQl 70 
!~ f"J (-_1[, Q] I ~·L\ . .,., f;J 
~ .. 79600 
5.90789 
6.16)?"9. o 
7 .13031.~ 
7.97029 
8.09028 
8.30768 
8.36102 
8.57532 

The n1.wtbers cori·espond to the nu..mber.s on Plate I1J .. 

(J .,~·)J - ~.r;\_,•·. 
c""f 'fr, } .. \ J -,. .. 

For the sepo.rs.tion bEl°l;wecn 1:tnes desigi1a:tecl 2 and 1 1 

F'o1"' t;he sepal"'ation bct11een the lines designated 3 ancl 2, 

J"' ... 6· loqioo T - r::' 7q_{\/,o) 
- • ..... i.,. 7 , tJ ~ :.;:J • _, vvtJ-, l'.>'I · ? 6. 6· ,_,l;l ~,, ".) 21 l 3" 

l'..\. =· ,..:-• :;O ' t\. = '-• LJ.£-} L •• 
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Ji'or the sepa1,.atio.n between t1Je lirr.as deE.d .. gnated L!- and 3, 

Jt : 7 .1363}.!-7 J = 6.164-90., Ict = Li".11259, K = 2.66361 • 
., 'l 

1?o1'' the sep~2"a:tion bet·weon 'the li.nes desir;na:ted 5 and t.J .. ,. 

J l 7 '"'7020 - 7 1")/ 31. ~;,'f· - ,., ''0170 1'.(" - J 'll?r:'.0 .·· : • '1 .. /, J : . • · .,o +, J.\,, - >• ~' . . .:, ..... _ ...J-• J. c..,..,;,,. 

Substitutil1g those values in the above t"lm order fo1:->:n1ula, 

(2-1) 0. 036071/ 211.t 0.009552 en. ·-1 
=-

(3-2) 0~089002/2n't 0.022331 cm. -1 = 
(4-3) O -:>.:'6~ ')l1/2nt 0.089928 .c111 • 

.... 1 
.. _');> . -c .. ·. ·- . = 

( ,., l ) O. 3li.$792/2nt 0.086759 crf'l •• -1. .::, ... q. -
(6-5) O. 05!1.169/2ni; n 011~01 Cllh -1 

...,. .. - ·. .;.-~ _,., ., .. 

The vB.luc of' in 

the pr:r7vi01.1s discn.1ssion of the nn..11 tiplex instru.mont U[{ed 

by Rit;ter an.d Lau. 

mu.las will be mentioned la.tel' ai'tor considering t;h0 

roo.uctions of tl10 line sep0..rations using the three ox0 de1" 

rrhe three order' l."'educt;ion i'o:r,1,mla is- in tbreo parts; 

the i'irst fo1: the cruter order, tJ1c second f'or tho middle 

'l'IJ:1.e sep al".ations 

due to EHlch of tho tr,.:ree part;.s a.re added t,:nc1 the tott~.1 

:Ls then cl.ivlded by th:l:--ee for tho resulti:r.'lg sepnrntion. 



J?or 

1701') 

,J--i), = l {L' -L) 
2n:~ ( J-K) -

tho separa,t:ton hetrmon tl10 lines 

Jf - 8 • .36102 K' - 5.9oz89 Lt - .... 
8.30768 .,.t r- ,(' 

J - I{ = ;, • 79008 L 

the . -~ sepal'°' at ion bct·;;,reon ~GlLe lines 

Jl = 8 t'lr.:', 32 IC 1 .::: 6'!16lt90 L' .;:, _,,_ 

J ... 8.J 102 y ::: C: 00789 L - -~ ./•;-

designated 2 and 1, 

- ') id1 ~? .. C- • . ·1-i'"'l·..) ,_ 
::> 0'"170 - ··-. .'.) 

desigr1ated. ?. and 2, ..., 

- 2.66?61 -- 2. 2lll.1-32 ... 
Po::." the separation be'tv:oon the li:nes de.slgn.ated l,1. and 3, 

J~t 7 ".,rJ-i!, ::: • .L JC.),,-

J - o.16h.go - .{., 

JI :: 7°97029 
J = 7 .1363~. 

K' ::: lt.11259 
K = 2 .. 66361 

I{t : 5.30170 
K : 4.11259 

~t = 1.079811. 
LJ = o.9ho90 

L' : l.23103 
L :: 1. 0798L1. 

For the sepo,ration bettvee:n the lines dezdgri.2ted 6 and 5,. 
v-1· ~' ' r: ! C'[ h_. - '-'1 .• Jt-Qd.,:, 1 ...... w .,.... .... :i' .. t.;.,r-/ r 
.,.,. . I"' '::t')1 70 £1. =· ;, .. ;,;, .. -.. 

L 1 
::· l.h2355 
:: 1.23103 

Sub.stituti.ng these vc.lues in the three above fonnulas 

gives the follovy:tng line sopar•at:t.ons: 

(2-1) 

{3-2} 

()~ ... 3) 

(5w4} 

(6-5) 

0 .. 0·1c)A i:::. 3 /'\c,";1 -1 . . ·"''.,.,_ v--. 
O'. 0-'" ,.,.r'_,,.,.8 -J "" ,.., ""' f C. 1'1.-- -. :;; __ ,,, . -

0.079767 cn.-1 

0.083060 om.-1 

0 .. 008278 crn.-1 



GONCLUSIOUS 

The three sources of the line separations are 

tabulated below in cm.-1 

Calculated Two Order Three Order 

(2-1) 0.009633 0.009552 0.010853 

{3-2) 0.023118 0.028331 

{ 4-3) 0.091260 0.089928 0.079767 

( 5-4) 0.085491 0.086759 0.083060 

( 6-5) 0.013485 0.013591 

The agreement betvrnen the calculated values and those 

du.e to the two order formula is very good. The la:r•gest 

percentage deviation from the average betw(1en these two 

values is 1.7%, which is for the (3-2) separation. In 

reality it is meaningless to list the calculated separa­

tions to more than two significant figures as the values 

of gr for Hg 199 and Hg 201 are only given to two signi­

ficant figures in the reference used, and t:he uncertainty 

1n these cases is 10 and 3 per cent respectively. These 

uncertain ti es a.re minimum values. Vd thin the uncertainty 

of the cnlculs.tions we must conclude that the two order 

.formula gives results well within the probable accuracy 

of the theoretical calculations. 

The photograph used was reall,y unsuitable for the 

25 



three order formulas. As mentione11 earlier, the central 

fringe system is distorted. In the case of the (6-5) 

line, measurements cannot be made on the fourth order 

due to the edge of the plate cutting of1~ the. last half 

of the fourth order. 'l'his makes :i. t necessary to measure 

the central fringe system, v.1hich makes the resulting 

separation for the (6-5) line somewhat doubtful because 

of thri> inherent dii'ficul ty of' the central fringe dls-

tortion. 

In the case of the fourth fringe system ( counting 

the central order as the firstJ the lines designated 

3 and 2 cannot be seen very clearly, hence this :measure-

ment was one involving some estimation. '!'his would 

invalidate the measurements of the (3 ... 2) lines and the 

adjacent lines ( 2-1) and ( 4-3) as well. · 

'11he Jines 4 and 5 can be clearly seen in the f'ourth 

.fringe system. so this measurement should be satisfac\ ... 

tory. The, ( 5-4) line separation does agree vii th the 

theory v:d thin 3J', which is quite good, owing to the 
-

uncertainty in the nuclear g1 factors. 

In view of' these difficulties, no conclusive state-

mont can be made about the validity of' the three order 

formulas. 

It can definitely be concluded that the two order 

formula and the theory ae;ree very well. J'hi s ·would seem 

to :tndicate that the two order formula should prove to 

be very usef'ul for reductlon of' obserlvations. 
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