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PRE ACE 

lt has be observed that many spectral llies-, pecially 

tho$ o! th heavier to~ , show a nQrl"O fine structure with sepa-

r tions of the order of on wave-number unit. These separations 

are very much ler than those of the ordinary !!lul tiplet ..,tructure 

of heavy toms, and for this reiison Lhese speetr are said to show 

hyperfine structure. l There are t-wo types of llyperfin structure 

(hereafter to be abbreviated hi's) to b distinguished from each other. 

Pirst, there is a bf s due 'Lo a nuclear gnetic mid mechanic l 

moment and,_ second, hfs du to the cli.ffer nt isotopes of the same 

chemical element . 2 '.there exist.s hfs of tll . first. type 1n the D lines 

of sodium and it is tle purpose of this th sis to determine the sepa

ration of the t'«> co 1 1 ts of both of the D lines. This separation 

was determined by experi ental mans as well s from theoretical 

eonsiderations. Correlation bet en theoretical and experimental 

hfs separations is then ade ~ 

l . Linius P u.Uug and S el Goudsrni t ,. !m:. Structure 2f Une 
SJ)!ctra., p. 202. 

2 Harvey Elliott. \ te ,. Introduction ~ .tlto c Spectra, p . 353. 



if11e author wishes t.o take this opportunity especially to 

thank Dr~ S. W. Eager, undex· whose direction this project was 

completed, and also Dr~ A. V. Pershing, who personally super

vised the investigation. 



Yi 

TABLE OF' CONTF.NTS 

PRE-FACE . • • • • • • • • • • • .• • • • • .. • • • • • • • •. • • • • • .• • • • • • • • • • • • • • • • • • • • • • • • i V 

PART I 
Experimental Determination of hfs i n the Sodium Lines .,.... 1 

PART II 
Theor etical Determination of hfs in the Sodium Lines ...... 14 

PART III 
Correl ation of Experimental and Theoretical Findings ...... 19 

BI BLIOGRAPHY.... • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. • • • . . • • • • • • • • • 21 



PART I 

EXPERIMENTAL DETERMINATION OF 
HFS IN THE SODIUM LINES 

1 

For experimental investigation of hfs of the sodium lines the 

Fabry-Perot interferometer was employed. Before discussing the 

actual measurements, the method used must be clarified. First let 

us consider the method used to find the separation of two spectral 

lines relatively near one another, e .g ., the D lines of sodium. 

he apparatus used is shown set up in figure 1. 

s 
0 

*t------+-+-B-H+~. 
M F C I 0 E 

Figure 1. 

In figure 1, Sis the source, a General Electric Sodium Lab-Arc; 

M, a rapid setting monochrometer used to obtain light as near one 

wave length as possible; F, a Kodak Wratten filter number 67, ren-

ders the light still more monochrooatic; C, a collimating lens ; I , 

the half silvered parallel plates of the Fabry-Perot interfer-
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omet r; and O d E the objective lens o.nd eyepiece, .respectivoly, 

of the observer's tele .cop • he oquntion fro · ch 6 il., the ave-

length epo.r ti.on bct,,een t.ne ,;odiutt D lines, io dot r ................ 

follows.: 

(1) 

Here A. 1 and i\.2 ar too · ave lengths o! t.he O linuo expressed i.n 

cent· ter-s, ~ l ) ;\ 2 , u the ind~ o! rofrc.ctien for air, t the · 

differ c in plat sepe.rat.ions, rueasured i1 centimeters, bet en 

successive coino.idcncea of the .frin .e s~tl1'!1D, and 9 tile angle be

tween the i 1cid t r y and the axis of the terfero eter. If A1 

and A 2 are v r.1 rly t. oo.::.o and if -we conr-t e our attention to 

t e rings ear the c ·ter o t fringe syst.~, tte cnn say 

A A:: I\~ 
2 i t 

(2) 

o f'i d the w :ve number dist· ee AV co:rrespondfnt to t.he AA in 

quation (2), take tl o relation bet een -z) and /\. , 

"'I) = 1 
T 

~ .bei g in centi .otors, and differ iti te it, obtaining 

Subs itul.ion ln oq tion 2 p. ve 
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l 
1 

2 ut (3) 

For our purpose the - sign muy be neglected. From the last ex-

pression it follows that the wave number difference is inversely pro-

portional to the plate separation between coincidences . Consequently, 

the plate separation between two successive coincidences of the hyper-

fine fringes of each D line must be considerably greater than the 

separation between coincidences of the D line fringes themselves since 

the former are much closer together . 

The following sketches in figure 2 indicate the relative positions 

of the fringes formed by the two componets of each of the D lines . Here 

Dl-0; Dl-1 and D2- 0, D2-l are the components of the Dl and D2 lines re-

spectively. Since the D2 line is twice as intense as the Dl line, its 

components are drawn twice as heavy as the Dl components . Positions 

are shown when the fringes are in phase, out of phase by 1T"/2 radians , 

out of phase ff radians , and then back in phase again . In other words , 

fringes are shown at intervals of 1/4 a beat length, the beat length L 

being the distance betwen successive coincidences . The 3 -r,'/2 position 

is not shown since it falls beyond the range of the interferometer. 

If the two mirrors were in contact , the fringes would be in phase as 

shown in the O position in figure 2. When the plate separation is 1/4 

the beat length L, the fringe system would be as sho'Wll for the fl'/2 

position. Dl-1 has here advanced 1/4 the way to the original position 

of the next Dl-1 fringe , while D2-l has also advanced 1/4 the way to 

the original position of the next D2-l fringe . As shown in the ,rt' 

1 F. A. Jenkins, and H. E. White, Fundamentals£! Physical 
Optics , pp 100-101 
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position, the Dl-1 and D2- l fringes have now advanced 1/2 the distance 

t the original positions t the next Dl-1 and D2-l fringes, respective

ly, since the plate separation is L/2, 1/2 the beat length. Since 

~-z), the wave number distance between Dl-0 and Dl-1 and between D2- 0 

and D2-l, is quite small, L will be quite large. As plate separation 

~--- L-----· - ~ 
~ L/2 'I. ... , 

(- L/4 I 
D2-l D2-] 
D2-0 -----Dl-1 

_,. D2-0 D2-0 

:_n1 ... 1 -Dl-li 
........... 01-o -Dl-0 -Dl-0 -Dl-0 

- D2-l D2-l 

- D2-0 -Dl-1 

D2-l - - D2-l 
D2...0 -Dl-1 D2-0 D2...0 

-Dl-1 -01;..1 
Dl-0 -Dl-0 -Dl-0 -Dl-0 

IR PHASE OUT OF PHASE OUT OF PHASE J«/2 IN PHASE 
1T72 RADIANS ff RADIANS POSITION 

Figure 2 . 

increases, distance between fringes decreases. This coupled with the 

fact that the fringes in the 11"/2 and1l""positions are very evenly 

spaced, should lead to a very unifonn distribution of fringes very close 

together in the 11'/2 and the 11' positions. We might suspect that the 
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fringes -would be 11smeared". That is to say, the field of view ap

parently -would be uniformly illuminated except near the center where 

fringes should be discernible in the region of maximum fringe sepa

ration. The plate separation at the ff'/2 position must be multiplied 

by 4 to give the beat length L, which is equivalent tot in equation 

3. Similarly, for the 11" position, tis equal to twice the distance 

between the plates . With these modifications, o-,) can be computed for 

both the 1l' and the 11/2 positions. The mean of these two values -will 

then give the hyperfine separation of the D line components in cm-1. 

Careful observation o.f the fringe systems as the plate separation was 

gradually increased from a minimum value resulted in the discovery of 

"smeared11 fringes in the vicinity of 2.139 cm and 4-189 cm. These are 

scale readings and not actual mirror separations . Obviously these 

readings correspond to the "1'/2 and 1T' positions respectively. These 

positions must now be accurately found and the actual mirror separations 

determined. c.i>can then be found by means of equation 3. These pre

liminary positions were determined with the filter removed. With the 

filter in position, the 11'/2 position was more carefully investigated. 

The position in which maximum nsmearingu of the fringes occurred was 

located at the scale reading of 2.240 cm. Further investigation of 

this region was postponed until the «' position was accurately deter

mined. The scale settings of the four best positions in the second 

region 'Where the nsmearing11 of fringes was observed were recorded as 

follows: (1) 4.252 cm, (2) 4 . 229 cm, (3) 4 .197 em, (4) 4 .171 cm. 

Hereafter all scale readings will be in centimeters so the units will 

be omitted. Checking between positions 1 and 2 it was decided that 
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the smearing better in po ition 2. Bet en positions 3 and'*• the 

latter was eliminated. Deciding between the two intermediat positions, 

positi on 2 fil lilly ehosmi over n ber J . Careful observation show-

ed th t the position of' a.xi.mum t.t:arlnf (her eafter to be abbreviated 

the maxilu ) s between the limits 4 . 2220 4L'ld 4. 2280. ·dthin this 

region, ten obsel"'V; tions of the . · um were observed and recorded: 

4 . 22503 
4 . 22623 
4. 2221,9 
4.22686 
4.22550 
4. 22:106 
4. 22606 
4.22617 
4. 22630 
4 . 22410 

The above mentioned r egion s divided into six 

intervals (cells) of 0. 001 separation and the 

re s falling into each eell were counted as 

shown belo • 

{l) (0) (l) (2) 5) (1) 

-- . 
-- -- -· - - -

0 
~ 
N 

0 0 

f] ~ 
• • • • • ..;t ..;t ..;t .:t -:t 

Fl"Or.i this plot it is parent that. the i:iaximum is bet.wen 4.2260 and 

4 .mo. 'raking this cell d ti.\lO on each s1det twenty readings be

t n these limits (4.2240 and 4. 2290) re record on page 7 . 



4 . 22566 
4 . 22726 
4 . 22492 
4 . 22771 
4 . 22403 
4 . 22692 
4 . 22594 
4 . 22725 
4 . 22585 
4 . 22765 
4 . 22618 
4 . 22812 
4 . 22542 
4 . 22642 
4 . 22592 
4 . 22764 
4 . 22626 
4 . 22744 
4 . 22582 
4 . 22686 

7 

These readinLS -wer e counted for each cell and 

added to those previously counted fo r these 

cells. he plot follovJS: 

(E) (10) (7) (1) 

,· 

0 0 0 0 0 0 
...:t I.,{"\ '° c:-- -co ()' 
N N (\/ C\l '\I 
N N ' '\J N N C\l . . . . . . 
...:t ...:t ...:t ...:t ...:t ...:t 

Since it is now hiLhly probable tnat the maximum is between 4 . 2260 and 

4 . 2270, the ten readings lying between these limits were recorded again 

and avera6ed . 

4 . 22623 
4 . 22686 
4. 22606 
4 . 22617 
4 . 22630 
4 . 22692 
4.22618 
4 . 22642 
4.22626 
4 . ~2686 

•. ean = 4 . 226426 cm 

'Ibis position is the scale r earline and not the actual distance between 

the mirrors . \.ith the mirrors ~ust touching, the scale r eadiuc -was 

0.1?2750 cm. Subtracting this 11 0 11 r eading from the ueiill position pre-
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viously determined, the mirror separation at the 'fl" position was deter-

mined as 4 .053676 cm. 

Since the 1( position occurs with a plate separation twice as large 

as that for the 11/2 position, one half the plate separation found 

above should give the plate separation for the 1,/2 position. When 

added to the 11 011 position, this should give the scale reading where 

"smearing" occurs in the ¢ /2 position . 1'his was done. The scale read-

ing thus found was 2.199588 cm, roughly, 2.200 cm. This probable maxi-

mum position was compared with that previously located at 2. 240 cm. All 

observations in this position were conducted lidth the filter in position, 

while those at the 1( position were made with the filter removed be-

cause it cut do~m the fringe intensity too much . After observing the 

two maxima nearest 2.200 and 2.240, it was decided that the one in the 

vicinity of 2. 240 was the better. Five readings of this maximum were 

taken and recorded. 

2. 232 
2 .236 
2. 237 
2.233 
2.236 

These readings show the maximum to be between the 

limits 2. 232 and 2.237 . Ten readings between these 

limits were taken and plotted in cells of 0. 001 cm 

separation., 

(1) 2) ~4 ) (3) (0) 

-
- -- - -

- - - -
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2. 23280 
2 . 23423 
2. 23440 
2. 23594 
2. 23356 
2 . 23594 
2.23445 
2. 23498 
2. 23504 
2.23378 These results have narrowed the range 

so it is bounded by scale readings of 2.2330 and 2.2360. 'l'his range was 

divided into six equal intervals of 0. 0005 cm. separation and twenty 

readings were recorded and plotted. 

2 .23423 
2 . 23339 
2.23317 
2. 23322 
2. 23443 
2. 23501 
2. 23533 
2. 23419 
2.23558 
2. 23409 
2.23473 
2. 23357 
2. 23426 
2. 2.3.365 
2 . 23434 
2 .. 23372 
2. 23421 
2. 23390 
2. 23533 
2.23393 

0 
("<"\ 

~ 
• 

N 

(3) (5) 

--- -- -
- -

(7) 

-
-
----
-

(1) 

-

0 

"' ~ . 
N 

(3) (1) 

-
-
- -

0 

'° ~ 
• 

N 

These results have indicated that the maximum lies between the limits 

2.2335 and 2. 2350. Ten readings between these limits were plotted in 

cells of 0.0005 cm separation . 



2.23385 
2.23431 
2.23404 
2.23450 
2.23417 
2.23399 
2.23481 
2.23436 
2.23423 
2.23442 

(2) (6) (2) 

This plot verifies the result of the preceding plot in showing the 

10 

maximum to be between scale positions 2.2340 and 2.2345. This interval 

was accordingly divided into five cells of 0.0001 cm separation and 10 

readings were recorded and evaluated by plotting. 

2.23445 
2.23439 
2.23442 
2.23407 
2.23446 
2.23413 
2.23448 
2.23442 
2.23443 
2.23436 

(1) 

-

(1) 

-
0 
C\l 
-::t 
N' 
• 

C\l 

(1) 

-
0 

~ 
~ . 
N 

(2) 

--

(5) 

--
-
--

0 
lJ'\ 
-::t 
N' . 
C\l 

Ten observations between the more confining limits, 2.2343 and 2.2346 

were taken and plotted. 



2.23430 
2. 23459 
2. 23441 
2.23444 
2. 23448 
2. 23453 
2. 23451 
2. 23454 
2. 23436 
2. 23446 

0 

~ 
R 
•· 

C\I 

(2) 

--

(4) 

--
--

0 

::i 
R . 
N 

11 

(4) 
-
-
--

0 0 
I.('\ '° ..:t ..:t 
("\ R C\I . . 
C\I N 

Since the readings are very evenly distributed the maximum must be in 

one of these three cells . All the previously obtained reatii ngs lying 

in this range were recorded again and a new plot , including the above 

readings, was made between the same limits . 

2. 23434 
2. 23431 
2.23436 
2. 23439 
2. 23436 
2. 23440 
2. 23445 
2. 23443 
2. 23442 
2. 23445 
2. 23442 
2.23446 
2. 23448 
2.23443 
2.23450 

(7) (13) 

0 
j 
R 
• 

C\I 

{5) 
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The maximum is definitely between 2. 23440 and 2.23450. To the thirteen 

readi gs already recorded as falling in this region , seven new ones were 

taken and added . The average of these twenty readings was taken as the 

scale reading at the ff/2 position . The thirteen old readings plus the 

seven new ones are recorded below. 

2.23443 
2, 23442 
2.23446 
2.23448 
2.23443 
2. 23442 
2.23440 
2.23445 
2. 23445 
2. 23441 
2.23444 
2.23448 
2.23446 
2. 23449 
2.23441 
2.23447 
2.23449 
2.23446 
2. 23445 
2.23448 

The zero position was then redetermined and found to 

be 0.183985 . Subtr action of the non position from 

the mean scale reading at the position of the maximum 

gives the plate separation as 2.050464 cm at the 11"'/2 

position . Since this is one-fourth the beat length 

it must be multiplied by four when substituted in 

equation 3 fort. The substitution, with u = 1.000294, 

follows: 

Mean= 2.234449 

Av: 1 
2 ut 

= 1 
(2) (l.000294)(4 X 2.050464) 

AiJ : 0.06094389 cm-1 for the 1i'/2 position . 

For the ft" position: 

AV: 1 - 1 
_2_u_t_ _(,_2._) __,(,__1-. 00-02_9_4 ),...,(_2_x_4-.-0-5J....,6-76_)_ 

6 -V: 0.06165429 cm-l for the 1r position . 

For the determination of the final value of AV, the two readings were 
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averaged. The 1f/2 position was given a weighting of 7 /10 and the 11 

position a weighting of 3/10. The 17/2 position was given the heavier 

11eighting since in that posii,ion the 11smeared 11 position could be best 

determined. 'fhe .fringes there did not co.mpletaly disappear in the 

central portion of the field of view; thus this maximum could be more 

accurately located. 'fhis in turn permitted use of the filter, further 

rendering the 1r'/2 position more accurate. Weighting these values of~-,) 

in thi.s manner, the final value was ta.ken to be 

b. V:: 0.0611570lcm-1 • 



PAH.'l' II 

THLOitE'l'IC.AL DLTEUHINL'l'IOI;, OF HYPEllFINE STRUCTURE 
IN THE SODIUM LIN.n:;s 

14 

'I'he sodium atom in its normal state has an electron configuration 

of 1.sl2s2 2p~3s and its norE1al state is ~Sl. Here the K and L shells 

are filled. The :r; shell has only one electron and that is in the 3s 

subshell an,d is the 3s electron represented above. When one quantum 

of energy is .absorbed by this 3s valence electron it goes to the next 

higher energy level., namely the 3p subshell. As the electron returns 

to the 3s state from the 3p state, it emits the radiant energy which 

gives us the well known D lines. 

In the 3s state t,he azimuthal quant'tlli1 number, 1, of the electron 

is zero, since the electron is in the 3s subshell. The spin quantum 

number s of t.he electron has the value 1/2. 'fhe resultant of the 

orbital moment land the spin moments is the quantum vector j, the 

total m1g11lar momentum of the electron. j has the value 1/2 for the 

3s electron. With the electron in the 3p state, l= 1 and s= 1/2. 

Consequently j has the values 1/2 a:<1d 3/2. 'l'he spectral lines er.aitted 

i.,hen the electron returns to the Js level from the 3p level are lines 

of the principal series of sodium.. The e.llow~ble transitions (j=0,±1) 

are 3 fr,~ -3 2s l and 3 ~~ to 3 2s ~ • The first transition gives rise to 

the Dl lint1, the second to the D2 line. The above discussion is con-

cerncd only idth firi.e structure and gives no hint of.' the existence of 

hyperfine structure. 

For hyperfine structure, ho1;1ever, the mechanical moment. of the 

:nucleus must be taken into account.. It is represented by the qua.'1tum 

number I. I=J/2 for sodiu..111. Coupling the quat1tum vector J*, the total 
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mechanical moment of the extranuclear electron, with the quantum 

vector I*, repr esenting the total mechanical moment of the nucleus , 

there results a quantum vector Fl~ . It is this resultant F* that now 

represents F*h/21(, the total mechanical mo ent of the atom, in place 

of J* as previously stated for fine structure . Just as in fine struc-

ture the starred quantities are given by 

J* = 11.i("jffi , F* = VF(F+l) (1 ) 

1 
With a nuclear spin I=3/2 and a J value of 1/2, the Js state is 

split into two levels F=l and 2. Again with 1=3/2 and J=l/2, F has 

values 1 and 2 in the 3p state . For J=3/ 2 in the 3p state, F has the 

values 0,1 , 2, and J . ow the selection rules for Fin hfs are just 

the same as those for Jin fine structure, viz ., 

(2) 

With the new quantum number _F given by a small subscript to the 

left of the L term type, the allowable transitions are: 

(1) 3 ~p~~ 3 2. and 3 '2 
'2.5 ~ ?!v, I P~r-to--- 3 

1'2- 2: '2. 

(2) 3 2 3 
2. • 2. 

~s Yt. 2. p,¥l 1P%~ and 3 0 P'3 -to--- 3 y'2.. 

(3) 3 '2. and 3 '2. -----to--- 3 t s ~ ~Pyz._1 ' PYl 2. '2. 

(4) 3 '2. and 3 ~ --------to---- 3 2s X 2.Pyl l v., 
t.. I 't-

The transitions (1), (2), (3), (4) give rise respectively to the 

1 Harvey E. hhite , Introduction to tomic Spectra, p. 372 . 



D2-l, D2-0, Dl-1 and Dl-0 lines mentioned. in part I. It is seen that 

tho D2-l and Dl-1 lines both terminat,e on the F=2 level cf the 3 Q.S ~ 
2-

state. The two lines together thus hs.ve five compoae:nts. Similarly, 

the D2-0 and Dl-0 lines, terminating on the F=l level of the 3 

state, also have a total of five cornpcnents. 'fhe ex:periment2l method 

used in part I, however is incapable of resolving these co11iponents. 

The separations of the Dl-0 and tll-1 and of the D2-0 and D2-l line:,s 

1:u·e the sar,,e sinc!:J both terminate on the F=2 and 1:::.1 levels. 'l'o find 

this separa.tion it is n0c0ssary to compute the inte:.:·action. energy be-

tween the nucloar mo:,ient Iii and the electron. mom.ent ,Jl} for the stat<'::S 

F=l and F=2. The difference in the;w energ1.es, expressed in cm-1, is 

then the separation, in wave i:n.1,:fber u.nits, of the two comporwnt..s of 

each of tlle D lines. 

For a single v-alm1c€, electron w::n,n a specifi,;;d F value, the inter-

action energy of this electron, screened froc:1 the nucleus by a shell of 

') 

electrons, is gi·ven byd. 

(3) 

.:~re found from :r::qs. (1). GoudstJ.t has suggested 

that we vr.ritc for s electrons,3 

g:r , tho nuclea:r 

2 Ibid., p .. 
3 JJ?_gl., p. 
4 Ibid •. , p. 

fZ;r; 
1838 

I 
g factor has e. ·value 1.4 for sodiuin. '+ 

361. 

363. 

372. 

-1 
C11 

It is the 

(4) 
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number expressing the ratio between the :magnetic moment of the nucleus 

in nuclear magnetons (eh/41flrc) and the mechanical moment of the nucleus 

in quantum units of h/211". 

R is t.he Rydberg constant for sodi'Um a.nd is given by5 

1 t m ----- (5) 
Al"lp 

where ys the Rydberg constant for infinite mass; m, the mass of the 

electron is l; A is the atomic weight (23) of sodium; and 1·1p is one

sixteenth the mass of an oxygen atom expressed in terms of the electron 

,nass. Evaluation of R yields the value 109734.838 cm-1. 

'the fine-structure constant o<. (eq. 4) equals 21Te 2/hc. o<. ~ has 

the vc:,lue 5.305 x 10-5. 6 

Ref erriug again to Eq. 4, ZA.is the effective nuclear cl'1~rge inside 

the core of closed electron shells. C/,~ ·2·· 7 Fo:r s electrons, '-'.c.- • 

effective nuclear cha.:rge outside the core of closed electron shells, 

has the value unity for sodium. 

n 0 represents the effective quantum number n*. For ans electron 

8 with l=O and the principal quantum. number n=J; n0 = ff1"=L62? .• ' 

5 Ibid., P• J5. 
6 Ibij'~~., P• 437. 
7 lbi!!., p. 363. 

8 ~[bi5i~;. p .• 90. 



The relativity correction K is given by9 

K = 4j (.j .f. fl t(j + 1) , 
(4 f - 1) f> 
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(6) 

With j=l/2, P1 is 0.993581907 and P = 0.996785789. Evaluation of K 

gives K=l . 01188373 . 

Upon substitutine these values in tq . (4), it is found that 

a' =0.03055919 cm-1. 

The interaction energy for F=2 is folllld from Eq . (3), 

r = 
F:2 

where I=J/2 and J =l/2. 

~a' 
4 

(7) 

For F=l, I and J having the above values, the interaction energy is 

r 
F=l 

-t a' = (8) 

The energy difference between the levels F=2 and F=l is 

- r = 2a' (9) 
F=l 

Consequently A~ = 0 . 06111838 cm-1 and this is the wave number 

separation between the Dl-0 and Dl-1 and between the D2-0 and D2-l 

lines. 

The theoretical result is then 

AV: 0. 06111838 cm-1 (10) 

9 Ibid. , p . 362. 
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PART III 

COHRELATlON OF EXPERIMENTAL AND THE.:OHl~TlC.&L F'HJDIIiGS 

Between the experimental result AV:;:o.06115701 cm-1 and the 

theoretical result bVz:o.06111838 encl there is a difference of 

0.0000386'.3 cm-1. tdth the thGoretical result taken to be correct. 

this gives an error of 0.063 of one percent for the experimental 

result. 

When the two values are averaged, each varies f'ron., the mean by 

0.032 of one percent. 

'l'hus there is excellent agreement betifeen thaory and experiment. 

He know of only one Cfase on record where hyperfine structure of 

sodium has been determ_ined experimentally. l Here Schuler2 discovered 

that each one of the yellow sodium lines is double and showed that the 

lowest s state of sodium possesses a hyperfine structure with A-,)= 

0.060 Ctll-l. A copy of his paper was not available for study but it is 

quite probable that his result was found by measure:ments of the radii 

of the ring systems photographed v,Jhen sodim1 light from a source slit 

was dispersed by a prism after passing through the Fabry-Perot etalon. 

The prism here is placed between the half-silvered plates and the con-

verging lens. An excellent description of this method is given by 

l:'Jilliams.3 

'l'he results recorded in this paper are of the sa.me magnitude as 

1 L. Pauling ~.nd s. Goudsn:rl:t, Structure of Line Spectra, p. 224. 

H. Schuler, Naturwiss., 16; 512, 1928. 

3 • E. ·~,;illiams, Applications £:! Interferoruetr;l:, pp. 83-88. 
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that of Schuler. Scale readings in part I are accurate to six decimal 

places . Hence the experimental value of ~Vis accurate to six signi

ficant figures . In our opinion the theoretical value of AV is also 

accurate to at least six figures . 

It is , therefore, our conclusion that the sodium D lines are split 

due to a nuclear interaction, the separation being approximately equal 

to 0.06113769 cm-1 . 
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