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PREFACE

In previous work on hyperfine separation by inter-
ference fringe measurements, the reductlion formilae re-
quired measurements of the radius of the fringe systems
as measured from the center of the interference pattern,
It is 1mpossible to find the center accurately, so mea-
surements were made of diameters of the ecircular fringe
systems. To eliminate this inconvenlence Dr. R. A. Fisher
and his students at Northwestern University have devised
a new set of reduction formilae where only differences
in adjacent fringe orders are measured without recourse
to radii measurements, This simplifies the measurements
irmensely and greatly increases the possible accurasey of
measurement, The purpose of thils paper is to experimen-
tally verify the Fisher recduction formulae.
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INTRODUCTION
The well-known green . :umzhbeO (a of mercury is

due to the atomle traonsition Hs7s to 6sbp. It cen be
ghown that atomic transltion levels in Hg are due to

ssell-Saunders Type coupling. In general atoums with
few valence electrons {almost empty outer Stoner shells)
will obey Russell-Saunders coupling and atoms with few
holes {almost completed outer Stoner shells) will obey
{j=5) coupling scheme rules. Russell-Saunders or (LS)

coupling ig dne to an orbital moment L precessing asbout

& resultant J and a spin resulbtant 5 precessing sboub
the same resultant J, or 231 = L, $ 81 = 5, L 8 = J.
For (J=-j) coupling each 1; and s; add to form o resulbant

J=3
J; and the summation of these Ji's gives the final J,
and the precesslon ig That of the individunal J; eround
the final J, or 13 + 8¢ = Ji» Zji = Ja

The possible orientations in (L3) and (j-j) coup-
ling for the two-valence eloectron are shown in Fig. 1.

The possible transitlons are shown in Fig. 2. Uhe

g (singlet to Ltripleb) are very
1

intercombination line

[

weak 1in most cases, ag here, although In sowe c¢ases

1 Richitmyer, F. XK. and E. H. Kemnard, Introduction
to Liodern Physics, ». 359.




LS - Coupling

}j = Coupling

FIGURE 1
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intercombination lines are very strong due to a piling
up of atoms on ons level, which spill to a lower one in
sufficlent numbers to give intense lines. An example of
this "spilling" effect is Hg 6561331?1-6363130, A2536,52,
where the electrons pile up in the 6sbp3P; level. How-
ever, these cases are uncommon and the transition proba-
bilities for intercombination lines are quite low. Inter-
combination lines occur only in fine structure, not in
hyperfine structure. In the figure the intercombination
lines are shown as dashed lines, and these transitions
are of no interest here.

The intensities of lines are greatest for transitions
in which (1) J and L change in the same direction, 1. e.,
3p,-35) 1s more intense than 3Py-33; which in turn is
more intense than 3Py-38y; end (2) the trensitions have
the highest intensitles which have the highest J values,
i. e., a transition 3D;-3P, is more intense than 3D,-3r,
in general,

From the first of the relations above we sec that
in Fig. 2, the strongest lines correspond to the tran-
sitions 180—11’1 and 331-31’2 where we lgnore the inter-
combination line *8,-3P,, and from (2) above we see that
331---3P2 1s the strongest line in this group. From energy
Soit Shaaione 4F TOREeyITONY A4 Sl e i B i

2 Richtmyer, F. K. and E. H. Kennard, Ibid., p. 358.

3 Hergberg, G., Atomlc Spectra and Atomic Structuve,
P. 202,
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THEORETICAL CONSIDERATIONS

The hyperfine structure of spectral lines has been
suggested by Pa.t:v.tl.:l.5 to arise from a nuclear magnetic
moment and its associated mechanical moment, There 1s
also an isotope effect (due to differences in nuclear
structure, not mass differences), which for our dis-
cussion we will not designate as hyperfine structure.
Here we will understand hyperfine atructure to result
from Pauli's hypothesis of a nuclear "ausgezeichnete
Achse." As in the case of the spimning electron, this
axls will be assoclated with a magnetic moment, whose
interaction with extranuclear electrons would give rise
to the energy terms causing hyperfine splitting of the
levels., This magnetic moment will be assoclated with a
mechanical moment of magnitude ih, where 1 is a new
quantum nuwmber, the muclear spin quantum nmumber. The
magnetic moment is probably e/Me times the mechanical
moment, where II denotes the proton mass and is thus only
1/1838th of the electron moment.

The hyperfine structure of energy levels and spec-
tral lines arising from a magnetic nucleus can be

5 Paull, W. Neturwissenschaften, 12 (Hay, 192.1.), hi.
See also Pauling, L. end S. Goudsmit, The Structure
Line Spectra, p. 203. A3
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described by the use of the vector model. It is only
necsssayy to add the nuclear moment vector to the modsl
used to glve the Iins structure of energy levels and
speéﬁral lines (Fig., 1). The vesbtor model for (L3)
“coupling for hyperfine structure differs from the model
uacd for fline structure only in the fael

2, o4

L+, 87, and J°, we usc bthe vecbors
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tively, whers the value of J°
structure consgiderationg and the mucleay moment I is
added to J7 and the resulitant F° is the totel mechan-

ical mouwent. The vector model Tor hyperfine structure

will not be repeated here es It la the same as the

tions arc made.

- VORI R TR o . n . n £y £ B e
Hebturning to Flg. 2, we sec that fox the 0pTs atate

£t

T 1. - T - 3 =

we have ll 12 = O and 9

53 = 0 or 1 and therefore § = 0 or 1. Por the Osbp stete

we have 1q = 0 and 1, = 1, and s,
. Lo Ly

L=1, 85 1, and therefore J = 0, 1, or 2, Thus we have

the fine gbructure separation shown. However, as mon-

tioned easrlier, the line we wish to consider, A5h60, 7,

) Y .
ig due to the transition szmJal. Yow Hg has eight iso=-
bopes. All even atomic weight Hg isobepes 196, 198, 200,

202, QOQ.Lﬂve no mucleoar spin mowent I, The miclesy

spin moment I of Hg 199 is 1/2 and that of Hg 201 is

3/2. The I¥ value of Hg 203 is unknown due o the fach



the relative asbundance of this isotope is ouly approxi-

e

mately 0.000% of a1l iy Tound in nature, and separation

of this isobtope has never been carried oub 56 no work

Ly

hos been done on 1

The gplitting of the 3Pp line for I = 3/2 1s shown
in Mpgse 32 and 3b as an example of the resultz. IHere FY

is the wvoector sun of I* and I . Thus we obtain the

PR
shovwn in Plge 3e. with X

with 7 = 0 are always single; and with I ¢ 1/2 21l other
terms with J» 0 show o splititing inbo two componsenbs,

zngd so forth.

The width of the hyperfine strucbure is debermined
not by the mechaniecal moment, but by the magnetic moment
of the nucleus. fThe effoet of the muclesr mechonical

-

bo ereate o muclear magnetic fleld, whieh, couvp-

ling with the megnetlie Tield produced by slectron spin

and orbital moment, glves the observed hyperfine struc-
ture pattern., The proposed theories of nuelear spin

rticg to "’}I’Og ons and.

e
&
T
i3
g.‘l
( Ty

attribute the muclear mapned




I = 3/2
T = 3/2 |
Yy J =22 I
J = 2
F = 5/2 F=
P = 3/2
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(c)

FIGURE 3



nautrons

the larpest observed nuclear spin) 1t is

only s very few pv

From the

oTORS

amall values of

snd neuntrons

spin (9/2 1=
probable

nuclear
shab

=

in the puecleus coni-

tribube to the megnetic propertlies
The interaction ener a single valence elociion
gereened from the micleus by a shell of electrons, is
given by
P e 1/2 at (192 - 12 L 579
where
e o O
al - gy HES244,7
T 1838 nd (3w ) (5 o+ 1)
Here 1 1s the Rydberg constant for fg (L09737); K
is the Sommerfold fino structure consbant (1/137): 24
ig the value of Z lmmor and 3 is & ouber; n, 1s the
efTective value of ithe quantum mumber n; and &y is the
ratic of the nuelear mechanical spln moument to that of
the nuclear spln megnetic moment.
Loruslly, for a single valeuncc cvlectron sloa,
gy = 1, bub in mercury we have tvwo valenece eleclbrons

<

[

and hence 4y = 2. The value of Zy for the g eloctron ig
the gowe ag Bh oEMITe mEinoE T LYY B Y7 IR i fa 20
THE S8 88 oG LUoblie oy g O LS LISTCUT 7 8 e.:i 18 Ol
for the s clociron. Foy she p clectron, the rule 1s that
H C} £
r2 PR - el 2 D o e V.v P - R o S
a3 = L o= g0 or Ly is 70 Tor the meveury p clectron.
iy “} Pa— EF e Q‘ oA SR Fall - KN Ry =
The value of ng - is gotven frow the {ollowling
? 7
1 & o by o SR S £
‘Jﬁ».w.{. te, e .Li: .3 «‘»L"L[}L- 5 pq 3§3~ao
3] »
[¥ - o) 1. v - 2. % g P 3 T ¥
Tolanslky, 8., Hyperfine Stpucture in Line Svectra
andé Iuglear 3olin, ». 100,
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equabtio:

2
T-an

= R/,
T+ R : LW ] 2’3 £ IV
From the energy level disgrams we get T eguals

21?09 lelul .y OV

n,2 = B/T = 109737/21700 = 5.057
vhernce n, = 2.219 and n 3»3 11.373.

o

Consildering t% brensitions for gplibtting in the
3 state, we have N
ag' = gy (0.08903L) cmfl,
For the P state we have
ap' = gr (0.009398) er~L,
For Hg 199, I = 1/2 and g1 = L. 110, thug

as{ = 0.097938 cmfl,
a, = 0.010338 et

Then, for the S level,

r_jl = - &Sr
r%} =+ 1/2 a5’

Similarly, for the F level,

l?if? =~ 3/2 an“
e
%

For Hg 201, I = 3/2, gr = = 0.1, end following

it
e
e}

the same procedure as above, we get

ag' = g7 (0.08903L) = - 0.03650} curl,

n

f‘“i

k4 ; . N )
ap = g1 (0.009308) = . 5,003653 cm~l.

) ‘Lilqﬁ;&‘c@’ E. Ec, I’Dld¢’ p. 89.

0 mite, H. B., Ipid., p. 372



Then Tor the § state,

b = 3 2 & ¥
‘5/20 3/::. &
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i s = 1/2 8y
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The resulting separa Llaﬁ" are shown in Fig. l., From

that the center of grovify is not shifted. Theo acbusl

2]
@

paretions In terms of wasve numbars are nobted on the

figure slso. These haove of course b@en obtained by sub-

£

and an' from Hg 199

tiong for Hg 201 are

%Fﬁ - %?1 = - 0.0l.3197 e, ™+
) 3 i . _
éfé ~ g3 = - 0.056682 cm. =+
1
572 - ,7’;31 = 0.034578 cm.~L

=
Clite ~

5
] g Gl?.‘i;.,:"’l
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0,091260

3
%51

3 0.048969

S, :

% " 0.036504
31
5. - 0.054756

s

£°1

% - 0,097938

A

Even Isotopes Hg 199 Hg 201

3 0,017338
%2

3 0.010338 ng 0.011559

% 2
Sp, _0.001926
5 - 0,011559

% - 0.016507 % 2

%re

FIGURE 4



. -
3/1 2 l/zﬁl ? 7 7 withe
3 o 7, ——
Py e e 0,010 e
. '3{8 %{31 = 0.019166 cm.
Ps - 38 = 0.073922 em.t
7, 4,
The wave numbers following the sbove brangsitiocns
are expressed in terns of seoparetiocns from the normal

-

-~ 2%y line in the even mubered isobopes.

(¥
g
3

5

Aetually, it will be secn later that the meastirs-

ervonceg In hyperfine lines of Hg 201.

The line differences for Iz 201 are

(382 = 251} - (3F2 - 1) = 0.023118 en.™d
(32 - g91) - (32 = g81) = 0.0134E5 ca
<§ P2 - gh) - (G2 - 38) = 0.005401 on.d

10
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THE LIGHT ©

The cholece of light source ls dependent upon the
purpese of the investigetion, The are source Is not nsed
at present for observing hyverline siruetures.

The width of & speebral line is affected by many

S

Lant eauses of line broadening are:d

e
o
o
[
8]
kg
gl
ol
e}
Lo
@
c.&
o
o
9
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{1} BRadlation line width

(2) Doppler width

(3) Pressure Broadenlng

(l.) nResonasuce broadening

{8) stari broadening

(é) Interatonle Sbarik broadening
(7) Self-reversel width

(&) Spuricus reverssl siructure,

wnere it ls diffiecult to exclbe the reguired weall lines

\: :
by other means. The highest resclubtion can never be

Tolanslty, 3., [lgh Besclutlon Speciroscopy,




employed for bthe vesuliing lines are too broad, and thers

la a permavent iafref of onecountering sell-reversal,

&

or abt least spuflous,selfwahsar)ﬁiam effecets. The con-

A

sidershle number of contradlictory necasurenents in the

AL

are wostly dus to the evvatic effects of selif-absoyption

in the arcs at first so regularly smployed™©.
"lt‘GUu golng 1 1o detall on the Bheory of line

broadening vhich 1s coveved in the reference glven, a
few of the more serious effeclts for the mercury arc
willl be mentioned,

- S , " L3
The Doppler broadening can be showm™ -

to be glven by
4 . - -
woa 0.71 x 10°° (T/M)%1) e ™+
In the ecase of the nmercury green line this results in a

broadening of 0.016 cm,“l 2t an arc e

36009 Kelwin, The broadening is leasst for the hesviest

slements and at low temperabturcs. It 1s now =lucst uni-

2 o a

versal Lo use elther liguid alr cooling on Gelssler

£ m

The effect of gelf-reversel ig thal regonusnce lines

have the strongest tendency to seli-absorption. This
results In & serious broadenivg effect. If the density
of the absorbing column progressively incresses & nicre

¥ - o 4 o2 ¥
Tolensky, 5., Op. clt., p. 22.

1

e

TO:}.&RS}:E?, 3. ¥ CD- Gkivt-.gv Pe {)t
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serious phenocmencn sppo rs, nemely the production of

spurlous structure by self-reversal. Owing bo the mueh

réion of the lins, the

b} oy 27
central po

0O
du
2]

higher opacliy of the

:lf

center of the line 1s more absorh@@.than the wings until
with a suflficliend gﬁﬁoentqulan complete sell-reversa
sets In, with the sppesrance of a spurious doublet,

This considerabion is of much move than theoretbiegl

on the intercomblinsilon resonance line A2537 of mereury

in which 2% components were observed. Vhen a soures free

from seli-revers 1s enploysd it con be definitely

astablizhed that 1

‘ll
U\
o
Joda
:4_)\.0
o
o'y
e
U
e
)
w3
=
3
(5
c
g
i
bely
id
<3
@
i
o
e
e
e
t-._i
3

observable couponents.
“be other cffects enumerated are not of groat

importance unless very poor vacuum condlilons prevail

or very high woltages are used.

In light of what has besn sai@ it ean be sesn that
the mercury are constibubes a very poor source for study
of hyperfine struecture. The only justificabion for its

uge injﬁgis cage was vhat it was the best wmercury source

available.



THR PABH f- PEROT IUTERF

Thle interferometor™ ™ consists of a palir of plane
parallel plabes cosbed with z partially transperend
layer of a highly reflecting wmetel, having a reflscting
ecocefficient of the ordew 30 per cent To C0 per cent.
If Light of wavelength L, comlng from an extended souree,

o ':

felle upon such & paly of plates sevparated by =an alr gay

semi-~gngle A conbtributes bo form a single cipreular

fringe vhen

being the order of interference =nd n the refrsctive
index of the modium betvween the plates.

A% aud nesy the center of the fringe system, cos 4
equale 1, and

m = 2nty

thus,

dv & dn/2nt,

Jow &v is the change in w

Jave mumber corresponding

P oo -

to the change in order dm. On moving from one Tringe to

i e, o , 2
N &Olal’lﬂ’iﬁ}", :30-\,‘ C‘F « Cv.[-“o ¥ jpw C)?‘
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the next du equals 1, Hence the wave number chenge

between orders 1s

By verying t the range bebween orders can be adjusted.
Por o speciifled dv for hyperiine seperablon in the

line sbtrusture to be studled, 1t is apparent
the different components are e be in phagse with eaeh
other we mmst adjust € so dm is int togral . If du is not

integral from

ecomponents will
There are five readlly observed components ol the

relabive to esnch other. There rust be o least common

mulbiple of thease separsvions found sueh that the value

of t choson brings a2ll the component hyperiine lines
into phase with each other. BSinece the sepovabions are

rather tedious task bto adjust the alr gap to this critb«
ical +, az the whole method is slwply one of conblnuous
adjustuent combined with visual observation of the
resulting fringe system until the desived phase relo-
tionshly aspneors.
A careiul insvection of Plate II will show thab

every sixth order Tringe

O
)
Y
s
4]
g

components Instesd of

i
<
&
>
"“‘b

1nal adjustment of t would be necessary Lo
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correct “h, - slisght overlap., However, in view of the

gw..

complete leack of coprelabion of prelliuline ﬂy rmoagurenonts

» , : - i v L
with bheorebiecsl caleoulatliona, it was deomed fruvitless

Drdinerily air ls used as the mediva ian the gep,
i

so n is usually considered to be one, Actually, i alr
1.003, but =g long oo one is measuring line differ-
ences ag in hyperfine worlk, this g relaetively unimpor-
tant.
Ritter and Lau have veloped a new gsystem. They

use two Fabry-Ferot interleromebers in sories. For the

%) 1 =T %Y : ) ¥ i et : § -3 ’;“'l - o 2 e B gor 5 o ¥
pen they usgﬂ dense flianb glegs with o relractive index

of 1.775 for the green linme of mercury. The gep in the

foromober was 0.5000 em. and in the second

0.29L0 em. They increasse the resolving power by a factor

gives on equivaleont plate sepavation of 1.1227 em. Since
thne phobtogreph due is used in this

papey thelr valus plate separatlon

will be used. Using thelr data, we gebt 2nt = 3.0356 um;
To appreciate the fine work poesible with an insbru-

ment o7 this typs, 1t is ”ntaweﬁning o note that Rltter

and Law claim a resolving poweyr of 5,000,000,

W

i

by

-

_, Altter, H. ond T. Leu. Zeltschrilt fur Physilk,
70 (Wey 31, 1932), 190. ' ' ’ ‘
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theory. This was found to be lwmposslble, and as a Tinal
vesort measuremerts wers btalten on a phobtograph due to

oy A 8 - [ - . e 8
Ritter and Leutd. The paper by Hitber v

) N o 3 T Y
phobogsres oY meroulry

oy

power of a

taken to rlor resclving

developed by tham.

HWo further uvse was mads of the in tholr

¢ o mmlke use of a4 reproduc-

2 [® EO R S ) o L. 2 - 5 B e . e - B ]
tlonn of thely plate to have something Lo scompare with

P e
WaB no

finel stege a converging lens was used to conwerge the

lower photogravh shows a cloge~up visw of

Jerol



PLATE I
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extremely gimple.

G’]
jex
o
0
@
]
et
5
jo
ba:

he photogrophle proce

The eveplece of the interferomeber was focused at infin-

3 - 1 R B e g e ” 1 N - &t e

dirvectly behind the evenlece, =3 closs as pogsidle. I
S ) - g T 4 -

vas 1ot necessary to talle any precsubion to shield the

. o Aty 5 Y Lo - e & E
ag the exposure wag made in a

sned rooim i

@

raliby of the interflerence

fringe system. To obieln the deglped

SR ) L o2 . I - y | U 2 . EPR .Y
extent that the exposure time was IS mimutes at £6.3 on

E R T L R gy N - o £ I g N "
infinity and then expose the film, The size of the apor-

tare at the canera wes Ffound o have no noticsable affect

on the imago sharpness ab the edges, so the aperture was
left at as

3

muenh as possible, Actually, the digmster of tho eveplece

was so mach less tlmn thab of the e

eyeplisee in all probabllity smounied
L o £ X /, « B e 2.7 ) a2,
stoy of shout £10 Tor the camera lens Iv wes Iolt best

to leave the lens wide

.

cerpra behind the eyepisse would not be so eritienl. It




PLATE II



enough to bring 1t up Lo the level of the interlerometer

NG SR, P 5
COND ArRicug

4

nabure would have no

ann the shoerbncgss

of the nepative lmage

¥

Ho coprelztion was obbained bebtwesn measurvenents of
line separatlong taken on the authortsg photograph and
those ealeculabed by the theory. This wes undoubtedly due

2%

to many causes, bub the two primary ones srs felt to bes.

o

(1} the faect that the interferometer plates were nob

gaparated by the orover distance ©o have the limes in

phass in successive Interference orders, and {2) the
light sourece available wag unsuiteble for hyperfine

observation. The resclving powsr ls very much decreased

by plates with a poor veflection coelficlent. This face-
tor was very apparent as the silver eocablng 1s 1n rather

noor condition on the Interferomeber used, however this

iz re

f)

latively unimportant as the full vresolving power of

the Ingstrument covld not be utilized due to the lack of

correlation between the cal-

culated results and the wmeasurements of the author's
photogreph, no data will be glven on it, slthough the
photograph is revroduced In Plate II.

The photograph that was used for ths meesurements
- .

s reproduced on Plate III. An enlarged view of the






T

portion meassured is reproduced on Plate IV for the pur-
pose of showing the points clearly at which messureuments
were balken.

S3ince in the case of Ritter and Lew, the inbterfer~

evice boites plaee within the glass, the ving dlamebers

are megnllfied welative to alr gep dlometers by a factor

1.

egual to n, the refractlve index of the glass. Thus

%
&8

6]

angular dispersion is eoffectively Increased and the mul-

tiple reflectlions withis

central fringe system lor purposes of nmeassupenent of

hyper{ine separatiocns. The accuracy increases as one

zoes cubward from the center of the Tringe patbtern, so

firat fow central oves 1f possible, In the photograph
used, the only way it was posgslble to get snough mea-
surements Lo use tle three opder reduction formulae on

all components wag to use - the central fringe systen as
the field is cut off at the middle of the fourbth order,

eounting the centrsl order ss the first order. In view

c’n

of this faet, it is felt that this paper prosents a2 very

inadeqguate best of the validity of the thres order

L

reduction formules, although the roesulbts may e expsched

bt
™

&

H "K,.,,.,. & g T Yy vy ol A f T iy 1'
Tolansly, 3. High Zesclubion Speectroscopy, . lu@.
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t6 be of falr aceuracy for the btwo order reduction for-
mila as the main gource of distortion seems to be In
%@G@ﬁﬂﬂf?ﬂ@@ﬁﬂ%&,

The Flgher reduction formulae were conveyed to the

o

suthorts adviser, Dr. Alvin V. Pershing, by private

communication. As previoudly mentioned in the prefeacs,
the purpose of thlg paper 1g to cxperimentally verifly

the Fishsy reduction formulae, In view of the preceding

cussion, wnfortunately the best To be hoped

ot
3.
=

s

O 18

F

g.r
52

an sgreement bebtwsen the two opder formula and the

Theoretical separabtion.

3

The meagsurenents Lo be reduced wers taken by meens

of 2 cathetometer, & photograph of vhich sppesrs on
37

Ploate V.

Due to the fsebt thet the line cenbtesrs conld not be

determined sufficilently accurately, the measurements

were taken on the edges of the linss, and the edge

measurenents wers averagsd to find the centers. The

sveragos of thirty readings on each line eodge in cenci-
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i
3

For the separstion between the lines designated lu and 3,

I o= 7.1363L, 7 = 6-16@90, X' o= 1.131259;, K = 2.60301.
Hor the 5@§aratiaﬂ.%@tweem the lines designated 5 and i,
= 7.97029, T = 7.1303L, K' = 5.30170, K = 4.11259,
Bor tha separabtion between the linep designabed & ana 5,

Jt o= 8.@9@28, T o= 7.97029, K* = 54600k, K = 5.30070.
ubstlLUbqu these values in the above two order [ormule,
get the following sepavations:

(P=1} 0.038071/2nt

we

&

0.009552 orn, =t

L

(3-2) 0.089002/2nt = 0.022331 cm. ™t

(Zi..%..".?)} Qi 5 }.%r L/l?ll'i’} 0089928 -Caﬁlv‘ -

(5-1) G.3g5792/2nt‘: 0.0856759 e, =2
6-5) blbﬂ/ ont = 0.013591 cm‘”l

A

The value of Pnt is 3.9855 o, as was nentioned in

the previcus dlscussion of thﬁ multinlex insbrument used

by Eitber andé Lau.

The corrsliabion bebween these values and thogse on

page 10 as calculated frowm the guenivum mechsnical for-
milas will be mentioned later after eonsidering the
reductions of the line sepsrations using the three order
Tormalae.

The three order wreductlon formula ils in threo poris:

8

the first for the outer order, the second for
order, and the third for the iuner order, The separations

due to each of the three parts sre added and the total

&l

L8 then divided by thres for the resuliling sspersntion,

i«'ﬁ
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CONCLYUBIONS

The three sources of the line separatlons are

tabulated below in om. -

Calculated Two Order Three Order
(2-1) 0,.009633 0.009552 ¢.010853
(3=-2) 0.025118 0.0223831
<(4-3) 0.091260 0.089528 ' 0.079767
(5-4) 0.085491 0.088759 0.083060
(6-5) 0.015485 0.013591

The agreement between the calculated values and those
diae to the two order formula 1ls very good. The largest
percentage deviatlion from the average between these two
values is 1.7%, which is for the (3-2) separation. 1In
reality it is meaningless to 1list the calculated separa-
tions to more than two significant figures as the values
of 81 for Hg 199 and Hg 201 are only given to two signi-
ficant figures in the reference used, and the uncertainty
in these cases isllﬁ and & per cent respectively. Thess
uncertainties are minimum values, Within tha.unceftainty
of the calculations we must concluée that the two order
formula glves results well within the probable accuracy
of the theoretlcal calculations.

The photograph used was really unsuitabls for the

:
&
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three order formilas. As mentioned earlier, the central
fringe system is distorted. 1In the case of the {6~5)
line, measuremsnts cannot be made on the fourth order
due to the edge of the plate cutting off the last hall
of the fourth order. 'This makes it necegsary to measurse
the central fringe system, which makes the resulting
separatian for the (6~5) line somewhat doubtful because
of the inherent difficulty of the central fringe dis_
tortion.

In the case of the fourth fringe system (counting
the central order as the first) the lines designated
S and 2 cannot be éean very clearly, hence this measure-
ment was one involving some estimation. "“his would
invalidate the measurements ofrthe (3-2) lines and the
ad jacent lines (2-1) and (4-3) as well, '

The lines 4 and 5 can be clearly seen in the fourth
fringe system, 8o this measuremeni should be satisfagf
tory. The (5-4) line separation does agree with the
th&er within 3% which is quite good, owing to the
uncertainty in the nuclear g1 factors.

In view of these difficultlies, no conclusive state-
ment can be made about the validity of ihe three order
formlas,

It can definitely be concluded that the two order
formula and thes theory agres very well. This would seem
to indicate that the two order formula should prove to

be very useful for reduction of observations.
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