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.ABSTllA.C1' 

he oonatruotion and opera.tion of icrow :ve excited hafniua di•charp 

tube• is d crib • The . l otrodel as 41achari • xoi t 4 by niorowav•• at 

a f .quenoy ot 24.SO •••• prnid.•1 a et ady and tc,nae e:m.tter of tt. 

batm.um •P tru■ f • ot impurity l &e Th w v•nuabera t ~t\ 1111,,fra.ret 

Ht I lin a, falling withi 1.0 .. 2.s,.. h ve 'b e•.n O.!!,IUl"Od to wi aver e 

aoouraoy ot o.o; oa• 1• th• rela.tiY• int naiti•• ot these lin•• which lie 

utaide the strong water vapour el>aorptioa NgiWll , ha•• b en ••aauftcl u.4 

corr ot a or tho ., r,ia& waYtl•qtb •,o•• ot th• u •otor. 

ho hWldred &ad twenty ,pootl'al lin•• Mv• b en a aipecl ·to tbe kaowa 

n ra l ·yel , ot Ht lJ th• 1 . ateat differ noe b. t n th . 'b one Ml4 th 

l 
-

• 1 • 
1
•h it• t c olll. tod wav.auabara 1• 0.1 ~ i nten . ••4 o th la • ha't• bHa 

u ed to oontin th• tent aaaipatata. tb ·· rettoal oa.laulatio~ (a.aaum~ 

intaruduw ooupl111&•) ot tbe poeitiona ot th• l•t•l• ot th• &'fen coat11,. 

urat1on1 54.'+, ,,,,. amt 542612 ot lit I 1a p:rea ate4. An •vtrical relsUoa 

which '1••• b tter tit w1tb the o'baerffd l•••l• ot tho eod1&u u i® 

;4
2
612 baa l, e11 cleri•e4 and • w lev.,11 hav• been aeai&a(li to the 

oonti1~r. tioa sa.''•• 

2 



3 

CONT ENTS 

CHAPTER TITLE PAG'E 

1 I NTRODUCTION 6 

2 EQUIPMENT 8 

2 . 1 . INTRODUCTION 8 

2 . 2 . LIGHT SOURCE 10 

2 . 3 . DISPERSDV E SYSTEM 15 

2 . 4 . CALIBRATION SYSTEM 24 

3 EXPERIMENTAL PROC ED URE 29 

3 . 1. OPERATION OF SOURCES 29 

3 . 2 . MEASUREMENT OF WAVE NUMBERS 31 

3 . 3 . MEASUREMENT OF I NTEN SITIES 42 

4 DATA ANALYSIS 49 

4 . 1 . CLAS SIFICATI OU OF LINES 49 

4 . 2 . THEORETICAL CALCULATION OF THE 56 

ENERGY LEVELS 

5 CONCLUSIONS 98 
APPENDIX 1 1 05 

APPENDIX 2 112 

ACKNOWLEDG MENTS 123 

REFBBENBES 124 



TABLE 

2 • 1 • 

2 . 2 . 

3 . 1 . 

3 . 2 . 

3 • 3 • 

3 . 4. 

4 . 1 . 

4. 2. 

4. 3 . 

4. 5. 

4. 6. 

4. 8. 

A . 1 . 1 . 

A. 1 . 2 . 

TABLES 

TITLE 

The Maj or Impurities in the Hafnium sponge 

Hel ting and Sumlimation 'l'emperatures of 
Tlnpul i ty-( r: odi de s 

Wavelength .: and Tran,s mi ssion Characteristics 
of the Infrared Filters 

Mean value and the RMS . error in ';lib.e Neon 
lines 

Hf I Infrared lines , the Present results 
and the results of Corliss . , et . al . 

Accuracy Code 

The Accuracy of the Lines 

Accuracy limits and the Assigned lines 

The Relative Line Intensities and the Lin e 
Streng ths in the multiplets of Hf I 

Two Possible Transitions 

A Possible New Level 

Energy Leve l s of the Configuration 5d 26s 2 

of Hf I 

Energ y Levels of the Configuration 5d36s 
of Hf I 

Energy Levels of the Confi guration 5d 4 
of Hf I 

The Infrared Spectrum of Haf nium I 

S~in-orbit matrices for the Confi g uration 
d s 

S~in-orbit matrices for the Configurati on 
d 

4 

PAG E 

13 

14 

32 

38 

40 

42 

49 

51 

52 

54 

5:i 

62 

66 

70 

71 

105 

109 



PIGURE 

2 . 1 • 

2 . 2 . 

2 . 5 • 

2 . 6 . 

3 . 1 . 

3 . 2 . 

ILL usr.rRATI ONS 

TITL E PACT 

Vacuum System used during the preparation 11 
of the Hafnium sources 

Section of t h e Vac uum System used to 12 
prepare the Hafnium Sources 

Cooling System for the Lead Sulphide cell 17 

Spectrometer, the Entrance Slit and the 19 
Exit SlLt optics 

" AND " Gate System 22 

Waveforms of the signals used to t~at 23 
the " AND " Gat es 

Photograph of the Spectrometer, the 28 
Detector and the Calibration system 

Histogram of the errors observed in .:.~ 37 
the Wavenumbers of the· Neon lines 

Linearity Curves 44 

3 . 3 . a . The ,en Recorder Deflec tion and the 
Black-body Emission as a function of 
the Wavelength 

46 

3 . 3.b. The Pen Record er Deflection and the 
Black -body Emission as a function of 
the Wavelength 

4. 2. 

Block diagram of the Computer Program 
tor calculating the Energy Levels, the 
g-values and the Atomic Interaction 
Parameters 

Correction for t~e ~nergy Levels of the 
Confi g uration 5d 6s 

47 

61 

64 

5 



6 

' l, 

CH 

I WCTIO -

b in the 

. ......... - • cNa J i • d1ac o.ry "' annoac b7 o r •J.y io 

192:,C!>'). et HD 1 } 1954, xt. atve or the h · i u pea-

tho uar av am re lone ••a o n-ied out to d t~ in• 

tho Hf' I ra l l ob • • fhe • patt.>ma ot 2t>c0 11-1 w•r• 
aeaaun4 to o · dty th• t:e •• · el • III o tM At.GIiio •re, t. ·•la(3 ) 

11 ta 109 •• 

nt , q \Ua aqb l' 

••l• o Hf I1 tM total Orbi 

all tbo 1 ~ la Md ao tot 

· • ao b a liated.. 

M · ly 1 ·of 

1a \lriti. 

01' c.dit. 

:1 ab o•v 

~ )J ·"'1') --••J.J•• 
.oa I uoillg .. . Wwu a . 

•t- ic•• 11ipUrUiy . 1 •• wen 

•l O\l'Od.el••• cU.10 ~•ill 

1 \I 84 ant\ M o• rlapp1l31 o•lu bdda _,. aba18'. 

llat w • o.xt1JdM ·to . , paJ tiaoe ta• ~tNII u to 1.0 ,- bN 

• ,a• 'b:, pre'fl • ,..( 16), · pn•••t ol'lt • onti 4 

\ba 0 1.0 ,-. orli • et. • <16) 



by comparing th wa·.enuabera r th ore 1 t nat liaea ob•erv d. by 

Corlia1 •t• al . ( 16) with the present ••o.auN■ t , thut the O'Yorall 

oour iea ot the o eeta of ,raven\lllbers tvere comparabl e . 

The inf on a tr• 

C••~ m r p etroa t r and a oool le d av .hi • ce l det etori the 

aouroe a mioro;y&v el ctrodel••• diaoh ~ • in uarta ti.lb• o ntainin, 

hatni io i de. h aaapl of h niwa apongt u1«t to p pare the h ta1ua 

iodi<l oontain d j airooniua; u.a of such a a pl co\11.d. lead to rioua 

diftioulti • 1n identityi the h niu• lia •• but th di t'1nno• be ••n 

aubli tion teape~aturaa ot the h fniwa 1irooniu11 iodides aa uaed 

t o obtain pu h tniwa iodide in tbe laap • he detailed prepar tion ot the 

lamps ia d acri'bod. in Ch pt r 2. Th• i n nai t111 or .e t ot l i ea were 

• sure {Ch p r }) and put e a unifona o.al• ill 01-d r to 1cl. th• e.a11fi ... 

cation o spectral l a ( s7 • 5 ) • 

1he ta eeignation b • b • 11ade by p Yi ous w·orkora( J2) for only 

t•w of the 109 ~ e ra l evela ot Ht I . Tb tAJ'll eai ti n •f 

peotral li • w1 the oaloul te4 illte11ai tl•• 

o tion ot 11-o. h• l eat ev cOlltig\ll'f tiona ot Ht I ar. .· rotably ta• 
2 2 3 4 · ooatigu~ Uona S4 61 , 54 6a and sa: ud, since th •• oonfigur ti1ons art 

prob bly not perturbed b7 ot.be:r- oonftgu.rat1oaa, th potitio.-a of · • l ••l• 
of tbe&e oontip. .tiona ,u•r-• c&lculo: 4. Tb• e oalo\ilati:011•• aaet o• th• 

aaauaption or illt ned.iate o u,Pli , an deaoril» in Cb&pter 



2.1. Introduction 

QiAP'Uli 2 

UI MEN"' 

8 

An int nao, at l and r ole.ti )¥ lcmg 11 d ap, otr-oaoopic source oan 

be obtained by micro•a.ve exoit tion ot n el trod leas duo r 18 a t b• 

oont ining th hali de of' lement. It w&a ahown by forl'O wr et. al.. ( 1) 

that tor ioro a-va xcit d aereur., • acharg· tlle out ut o~tieal powei- wa1 

high for input el ctric po., r. Th& 1oroitave exoi • di clurge wa ideal 

tor ccurate aurtillent or w ve-nu.ab e • the pectN>J. lin a t itt cl by 

'the di:scharge are quit• narrow. 

'l'he met hod ot con truc.tlon ot Uw aouroe• haa b tn vol ec:t by 

nwnber of ork1r1( 2.,J,4,, 5,tS) • . oald.ns et. ±~)oanatwot•d a ltLllib r ot 

aouro11 oont&ining 'fario\la 411• . ata ill the tom ot hall ••J tho sc:ur,coa 

wer tilled with an in rt gaa to ~ti u a dS.• obarg•. Tb••• worker• 

indio&tecl a nus•r or w..,_ ot •xolu.d.11:lg tb• iapuri't4.ea present 1a tb• •-.Pl•• 

1a de or1l>e4 ift Sect1o_n 2. 2. 

A Csenv-!urur speotf'O•t•r ., .. u•.-4 to •a•ur•· the waffli\lllb•r• ot 

th h tnium 11••• hi 1p1otro•ter •xnibl. t• a l(I.J"&• t.-actioa ot the 

theontioally pouit.le n~lui1on ,aa4 •••· 10..al :tor aoount4l •a.a re••" of 

wa,-•nullbera ot speotral liMa. 'the ba,10 optioll qai, ot a Ca rny-TIU'Mr 

speotl'O,r&pb ••• deaortbed •• •arly •• 1889. T.h• optioal arrange dt- ot 

th1a spectro,rapb forJi• a perteot 1•p a1 th• light ray• ~••l th . •ui• 
di1tADD• tn>a th• obJeot ( traac• al.it) to tta. 1mac•• •n• cor"citiv1 

propeJ1r ot th• optic ). aye t• app,liet ~ w OlSe lina in tb'- focal pl&•• 

( the l l m which ia the e1111 dlatanc1 a the eatn.l'IO• al.1 t ftoll th• 

. pootrograpb axia) 
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11 1'G poctr ran • 1 optic 

f'or p otogru. io peotroeoo y b t w 

yate w , therefore, a t -.lite.bl• 

at at'tr ctiv for u • 

A aya t tic alyd• Qt' the opt1c4l a 

carri cl ou.t. by at ( 1952)( S) 1 ho :sbo eel t t h• or otive 

r r 1188 .t of th a h ·l'io l 

t1on. •r ei'f eta & ti& ti 

by alit • na 

1r ot wrve slit by t O:rigi · 

pl ,1.nc improv d o 11 r ation yat4trA. b oper tion ot tho a otl"Olllter 

to obt in th tat Nd ctl"I.IJI ot h niul\ · i , acrib 4 in oUoa • ). 

l hotoar hie ap o roaoo 11 the umowai a th• li ti 

I e.r&a an. Noori o the 11Ul6 · boto · p.hio plate 

tho o•erl pp · a , •• I mtbo4 

1a ~ l 1te4 pli atton in ta• 1 .. 0-2., ~ reat· · tMtcau•• ot 1 olt or 

our t• u4 well d1a ri'bute4 11..and&i,la. X. 1h• tarnr.4 r leo, t.b• 

• ee ral li • a an cord 'by c · n1n· th P•O~ oroas t bt •xit .tit 

accurao.1 of tile wavewm r.a 

4r1•••• it ia .. •••••£1.t'Y to b •• •• •JV" oloa•ly a oed ata · vt:1 ••· po1 t» •• 

The 4.dr-&utler tn.n.s•• record.a. daQl.t&aecn1aly dth the \ffllJIO •Jcutt,wtt 

pro,tde an ao u tit ,oloa•ly 11p c64 a.venu• r aoal.•• tz'b• · · all . ot 

pnuluctng and reoordin& th ~d.aer-llutl r trif.>8 . a 1L tv · i : uO lo 2.1.. 

ot thia oh&pt ~. 
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2. 2. Light ourc a 

Tbe v u@ llfl t m u d for 

i h th blo k d106r&m of iS• .1. Th es-ouiy dU 'tueion u:p wa.& cApable 

-6 or a pi , tb vacuu s y t • do ~ a. p aau ot 1. 0 x: 10 u,n-. The 

p, rt or 

tr p 'tp w co ect d a t polat P hl:l't in l' • 2,1.) w 11 1 ols.'t 4 fN11 the 

diftu1ion 1lllll by l.1 ~ id nitrogen oool N t r •• · hi "' to N~ t 

rcur., from diftu tng inw ti. tb dt sch 4•• 

ho silioa u.ab sh o. 

aou. h d o ortul cleana :l · tt ·t oa ailica.. T tiib . 

t en t,1 _ ea with d.ilt.ill 

deiaued 1>.Y b tin it t o about 1000°c by a. tur "• Ybill it wa.a · 

UJld, r high -. • • A I . F. ducbarc• in aeoa • • •te.r' d in tb• •ilioa tu• 

aftff it bc.4 bee d auae.d. tor · 'b o :t a.n hour n4 the nooa s» • rua u 

tnab, 

l> teh or gae waa u. ro4\lOo4 1a th• .tub• &n · 4S.aolla.-p4 atid. the ap,eotwa 

waa m a1toi-e4J thb proo111 aa · p• ted till no 1apurity b 41 •• . 

obun •. 

Hatn1um 1o d wu u, 

pro.,. ct .- tho •C1Arc•• fill d w1 th the to414o t .u l•••nt . • · :inon 

ate.'bl• •4 long•la1Ung than ao:utoea tillod with oth r halt , ,(6). bt 

batoiua iod14.e wu pnpa •4 :la tbe 11••• oapaul• C (Jl1. 2. •). 

capaule ••• olet.ne4 id.th hot nttrlo uu. 4rit4 aat fi llet wttb SO • ot 
. •J . . 

hatnJ.wn and. 150 • ot 1o4 n.,· &Iii ••• p\&11Je4 4owa to & ,11t 1 .o • 10 ,.ft 
out 
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· qui d t· Kooh-Ligbt. L Off, .w.-1 a Lt4.. 14' Ii Y n in • &'bl 2. 1 • ( only 

1 . -..n.u • wU.h o · th 10 • canoontr,,.11.'1011 bave 1.m-... llii•t.•4 • 

& NOW. . , :talwa 1.m ~~~ ••• , .Nl ._ · at ••1"1We ia~~i• 

Dal pr o U • 

Joa- iapurl.Uae in tbe b&tniwa •J>OltlO 

HatAt• n.a 
1noatu J. · 

Xron 5k) 

,.w. aoo • 
_, .... . . .. liJaaOI.U ~ 

Co per ltO ;ti, 

8U1coa 40 • 

~l iOO •' 

,,_ •llll or · oa,UlMf •• of o-,.it c •M o.~ •• •--• 

a.a4 Ute .. ,.a .......... a. "7 • _.. ~ .. till ...... 1. lodtd• #tH,i 

81.lU:t..a. ~ 1.-.. •t• -1.u-, ,o.1J1ta kl.ow 4.00•0., ta..,. i<Jtilht 

Mill •-- balm.Ila iocU.44' ••rt p-,.4 ou\ a.t the oap111l C •• w...,a. . ll•• 
io414o, •~•a••._,,, (flt• 1.a.),. •• •~• c wu, th•••1• 
up to ~• \U\>•• '! aaA a t.tda tllll of hela1u lotUA• ( .-at -•~b fc.r tlie 

tµ, • to a pv r ao1°""4) • · • Ql!L_. into tM ·too•• !be o •t4• C wu 

~- t.tU it w • Ju t 1oa1tne to aablm ••, hataLu tcta. ta •*-~ it 



0 
400 c. 

l 

Hatniu 1odido 

P•rrlo iodi • 

Cuproue iodlda 

Zin, iua lo41b 

11a&aaaiua 1o414e 

Hickel io414-

1ob1IUI io 4a 

klallliaiWI 1Gd14-

SU1 on l:od.i&t 

tub•• t aa4 ao11lto111d. w1 
t he 

w a iato.ine4 t1ll/batn1 · 

t o• iodid a 

Wld r Y uu, aublhea at 400°c 

ta . a .. oapo••· 

alta a.t ,os"c 
deo00t,o•• t 6oo0c 

0 
d 00111po ••• at 700 C 

lta t about 2;o0c 
.. 

" 
~ 

1odi4-• '4th -.ittaa po nt• bJ.t•• tb.t.D 

'•P-Pll f argon Or' ...... Ito-ti . ia 

builct. ll,P tod. n va_pour _pruau • l>efor.t a dll ·· • oculd. . 

he opor ticm of the • i a to obt.da t . • iotftNI peetw• ot . tniwa 

ie 11aori e4 i th• :r.t chapter. 
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Th• aeuro auceeaetully fr aev r l p ri a ot bout 

10 houra. Thli argon tilled a urc .fdl d ft r ab ut acventy bo\lrt ot 

op rat1on. 'r ' i s 1 e b n du to th drop in · r aa re in ide the 

tub du to th absorption f on by ht aili <1 ). a otrua in the 

via1bl and n · r ul tr •'fi let, ot t e l tciu eot.1roea 

diffennc ·t h• ape tra tte by • r <>4 

aoUJ"o 1, ut th apeotr a itt 4 1 th •· uro• • witl o t ny r ler gae wa1 

ali htly bri ht r. 1 1th um 41-.phr , 

graphed cm. oi thar aid.• of the hatlliua apeotru• the h 1ua liaea w•r• 
0 1 

ideatit1ed with n ao uraey t ,t 1 A; ~•in& J/o lia a 

the l noa oo~d be crib t th Jor 1 pw ti I preoent in th tnwa 

aponge, nor cul • uro'1l"y lin1s. 

Thu peot•-·"'"""I' u to obt in th• 

a oae ut , t/ g Ca r1>3-Tu·n• • uutl111. 

ting w • . "'*t d. o.• 

a&1mally rotatiAg th• tura-t l• t.brQu.ab. l•rc• · gl. " r•lr:,.ti.Ye to th• 

l•~•r rca. h• ageotw t r w c,ri :inaJ.l3 r th r on 1ti · ta bra.ti 111 

t.tl the ,;eotor unit 

ai l• fiN b &H end •N h ua 4 ,· A 11 ht•ti ht box•• t l1i11 at• 

•'bray 1 t . 

Th• op\iu.• o . t Caw y.J.rl.l.r. p :otr0taet r b tn . i w • 14. by 

aat1•(?, ) n.d it · na h••n aho (i )th t by ut1111 c 1t r · t nti:- • '11-t 



h cb c 1 b c.t u a 

by( ) ' 

L • 10 )...(1/ )3 
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r bol c . Tb l ength ot th• ent . oe al t 

-u1~ r tic l y pea 1-l roao u\1 ii iven 

Uw v lon,ih .,..ror na the oen•n to th •ad. ot tb hit al1t. 11 

L\~ • 'X./ (J/ L)2 2.2. 

u :• i, i the length o th :oli ta 

is th · waMlea,th of • IWUation 

or :r atlcm of 2 pa,aw; ght ,u'" no long r than 0,16 •• ·ouJ.d l,t u .. 4 
a 

to obnin tho th oNtioall,y p ealt-1• naolt;.ttion. itl\/ tralgbt exit al.it 

re oould. n '»•••a• :v~ r .uror ot a.oz., ••1 
••--

ra.d ts.on 

etipatilll 

r 
CJt It :tcb. , CUff 

ad ot 

•d.t •lit. ~ 

· at.too ••1'11111 

GOJ.'" .ot OJ iftl 6 

1·t.25 oaa (4.., ina,) ••·· "*ea• !a I ita ••rtt ,pl 14 ao t t th llgbt 

b aa p . 1iq to tbl O ll _ tbi& .S...-..r• w . t uot ob . tNcte4 l»y tACt· grat10,• 

{ yp 

a 1 ill. di•ot. l' 00, t NKl, fit• i.J.,,.a 

, :W. ce.Ib en 41.odd.tlt •• 

atut4t ot • cu,ll tht 
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1 8 

the cell 1n gl&H -·· ir i• th tub •• ••to t "" 
phoa oroua be 0 th l o by r-11 

ill4ow which w kept 11 tly b · e 1"0011 t• p by h ter w 

1 oin ONDOe e 

utut f'l"'QII l e •w. We cell • • o tbe wr ot 1 f' • 

upll i tin h1a 

ot l 

o be upl1t1 order 

am s ,011 tre noy a U•• ill of out 

1 o ee trecl at 20 1 

t O s- 1 

o obt n an alt QI •1 . 
- 1 

by & • toa4 cliac ro w4 at 10 s • 

Tbe aigMl to noi a• t o ooul . \e 1.boN&eid b;y ua 

litS.er { .....raot\11' by 

lifi r w t 

yat , the lttf tua1 t1a OD• t ( ut 1 • .) w 

ror th st na ap•d ueed (o.JJ 

11 

tor t ppitlg' li \ .... ..... lbowa 14 
the 

1 t ... t . aoun• ss w • , ooah4 0 trn Cll
1 

!be, . .in-o, Cll.2 tow• · 04JU O to tb• 

p r ao :i- NYol• i 10 ••i 

reau ot the • 
mrror1 Cl 1 lli!'Nl" Cila • T 

41 otiona t.hi ar11UM1:-•t 

. neo 

OMO 
(7) 
. I 

t he 

,:t ttna 1a oppoal• 

l>et· or ,....,_ t Ule· 

.'h • rile l Ult ot tbe U.t ••• ,a.wct by Yl•uall:r oba.ntq 

6,00 ) I tb.,- W♦i'I D . rt l 

canned ac ro~s the xit slit . The l ines were Bcanned i n bo t h 

di r ecti ons and the slit mount ·ne;s wee ro tted in t bs paane of th6 
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a 1\e till the i ge , t th xit slit• ll toh d the lit. The •t11i 

ad.Ju t 11 nt• w, r ep• ted tor linea ob r• in tour g tin, ord :rs o.nd 

dth alit s J."f'0'.9 nough for th 11n s to be j t v11ible. In all the 

2 0 

o sea th i•e,ges ot th li o were tohe4 with the alit. 1'be neon liaea 

, ~re th n t oted l>y th l ead sulphide oell and the • 1 ta ••N rotat•4 

perp ndicul r to the pl • of the al.ita ( th a.xis ot Nt ti,0n coinoSA• 

1th the 11 te) till th out t aignal • muia1a•4• The • rtio tU 

of th · li t6 w,a:, then ad.Ju ted., 

h o libr tien p ctrua or th tnnc•• r g • ~ reoorded by 

(10, 41, 42) , 
1) Illlllli ting o. aall portion ot th ent c• alit with th• cuillbratua 

ret'l ting be rgeait beaa onto a detector. 

2) Ill in&ting, a.lt r · tel , th whol• ot •ntranoe • it .S.th th• 

te illu• Uon ot t tNnee tli t cm the 

ae ration of th b~a " at th• exit 111 t can bl ohi1<vec.\ by · t ohopp•n 

rot t d ayacba-onou ly. 

In th ti rat · thoc! th tw . be a h v• o be " l ••parat.ed at th• 

ntraac• ali top ,ent th overlap ot 1a • t the uit aU.t. h• 

o• rlap e · ahitt tb• peak or the speotral liftea which call "ail\ Sa larp 

tl'J"Qt"I in the • :felt.Uaber, ot the l t n •• I a this Mthod, th• deteot&t.>l• 

die.tion tl,uc i• deorea••cl beoau•• of th• •hort l qt.It: ot tb• 1li,'t-

1 front ,ot th d•tootor O♦ll beiq obopp at the a 

• ot ill lowu.g 
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th oho !) r et the e;cit lit by " A?m te syste " to sep :rate the 

oin_ lified ou t e du be r; , Th• to beam, oan hon b detected 

by o. sir.lf;l e" cell and. t h i&n I eJ pli i ed by a nint;lo amplifier. 

A :.ys ts ot "AND" t;a.to .,, iJ1€ :s ix diode gat i}O,J <t) ( 1g. 2. 5.) 

b ilt t o p~r t et1o s "f w v~to by ynchronou .. ewi oiling ot 

the ,; t • · The opeir ation ot ti a t o 

w v· tons A r ~ 

10 H1 &icml. w & inp t to th& So uuidt tr1,u;or, the t uo output r a the 

Schmidt trigger w re plU1 d ( ig. . 6. n and. C) rid "ere u ed to ~i tJ&H' 

the g&tea. The er 

fora A to prod~o• tho l) 

au oothtd and input t o 'lb tl'fo-po 

to 2 V ea.lc•to•_paak inp t . Thi 

up ated duet th tw 

t o out ts wer re tifi 4 And 

separa. ting wave 01 ;pto ce · by the two .li ht boaiu • 

Th te ay te l th CJ 1bre.tio• 

"o · ·. 1'bratl n 

optioaft ab<r a in Fig. 2,.4-. w A ~t up. J'l'Qnt e.lwatnb · d mirn;ra wex-. :$0\UltM 

on tb uncut .w:~trant of th• cbo p r bl d• O~, ,. iol1 f fl . ote tbt 

cui.:U."bratinc beaJl from uooro C nto tht co t:,o.Vtt ai ri-or GM2• wht.ch. to01.11ad 

the b aa Oll tho CJnt.rcace: alt t. ~ tile blf'lde CB we.s rota.t · • th p 6Ctl"u 

an4 tlle o lior, tio b wu -w r• al.tern 'tely focus onto t 1e ontrmo •lit. 

The trigt>r ~~,.., for the Schmidt trifgcH• . obta. n d from a t$.otrantd.Jto~ 

mounted c,ppo 1 te th ·. p int. bo o the oh.opp r l;,lad• irrt~r.t:opt.&4 th l!lpeotral 

ll l rua,9. li t tro• 
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8.lllpliti d by a wide-b d 

aul.pbide oell nd the oollbin d a gxtal 

plifi r ( anufaotun4 by Bt-oakdeal . · otl'Olli o• 

fh re wa ppreoi bl ov rl p of ~ignals ·in the two output channel Q.1\d 

the overl p increased wh•n on or the signal• wa• 1ent. ! h signal 

w 'fetora in uoh a. o •• w a aho a in Fig, 2.6,GJ in th.la oaee th• ove1-

lapping signal ol"der a.a th• aignal oxpeoted &le to the 

be and th overlapping ignal• could not be el111inattd by reduci ng th 

width ot th · trigg ring p l • • h OY rlap of th 1& . · cm h two 

channel• w pri,aarily du to · • low fraqueno7 ietortion of the 1.nput 

ai al. Th el ctronto upar ti ot th · ai,na.l• w • band.one4 a.a u 

pliti r with a good lo r eq_uuoy Na_poue • a aot i adlate]3 Y il 'bl•• 

To ob tain the o ibr tion nng•a, th low r qu•rter of the ent · • 

olit ,.. ill1111in t•<l by th c&li niti beam, le nag the NI of the 

l ngth of the 11li t tor no l ua•• h beu aep r ted J\lat ea,uah t 0. 

prevent thtt overlap of th tu.pt t the ft-it lit. To o.voi delay ia 

Naord.ina tho hatn1ua s eotrua ,ao obaag•• were a. in the optio1. 'l!h. 

production d det ct i on o the ·4• r-Butl r fri •• u e4 for o i br ting 

th peotr cont. i de cr1 cl 

2.4,. Cti.lib · Uon Syatell 

'lihu intori'&Nnoe m tboc\ ot cal1b:rot1ng p ottoMt•r• pto1'14e• an 

aoourate method tor 11oaau1"1ng the wa.-1nulib ra of pectral l.Jaea i n th• 

pona of ap c:trua wber. no suit able a · d :rd.a are ail abl•·• This S.a 

p l'tioularly true of th tr i-ed r g1on ( 1.0-2.5 pm) in wbiob th• ntitlber 

ot iatert roa trio&lly u.•1.u· 4 tando.ria are • ry rn. Th p• tl\lll and 

th i n rt•rencut tr na•1 we o r•cord•4 ai · l t -.oualy ·.BA4 tb• ru.111itu,r- et 

tnq • per r oo:rd wa• ql.li e l.er.ge (ab ut on tr.tna• par c .pf c .. rt), 

'l't tbod dooa not 1· · y o th lo t r ta ili o th• r. 
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y ltM L., • '111• t"~fft ~ted WMit'ut1 11,0i..l\'84 

to th . eono ,, . nor c •bi b 

r r t • tl . tell nt • the encl 

ot a fl• ilal li t &l;li. • iihi oOAdl.lotea the liot to U. photoa&1tip1'J" 

• In o • er to · oo.1'1 tbe llliU\•11,a:11- BUt.'11l>r . nap • th pbotoeJl: t t•r • • 

co obtd to 

e~ • 24.nC • ~ 

e ii \110 et OD in.t.l'f ftn06 orar 

>-.. ia tu wa.\!ttl• '1) of tho · d1 ~£ 

d 11 th• •Won ap oUW 

c• tu ........ .... uar 

·\16l.l' ·tJ\ 

ii th I' fr. . ti • in4u of t.l · l\f.ll111i1111. lHHIIIUIIAli f;.h ,Plat a 

tr • .A ' ( i 
. e 

· re 

A • (i4ne-~4> )•1 

'to t .a1att:l' fri»wt• or •ut 

• Uk·. to tha •• 

lli· · ta4 b•• ~,v 



t on 1 er 1 JU thiolc 1 

1/16 ina. d.1 

intena:lty, 

tocal l 

definition. 

r. litb t 

typ1oal V&lllC ot A • 1 
s .16>..4,. 0.0005 Ctl.l • 10 •• 

· MO 8 ty oolll . tor b Ol"\i: tho o on. A 

• C \J f'nwRtTT.IOTI to 'be dittp r ton 

26 

lotion :l.ving tbe ~•nWlb o 11110 bo e o ition to\114 

d to th ac 

11 0 0 r' 1 •• • 
!t Q ~ + ( (m • e 1 +e 2) 2.5. 

1 • 
here r. :b tho aec~ l1 km ev ~ r ot °'°" • · 

1• tho o of the t _.. · lia 
s 

ia th ti · C1 . C t - t 
e , ande i are the additional fractions of a fringe . 

11 .la the • it ar ,-.,n,ur o ti•-_. b t • n b111 o-; d di 

0 
i. th· p iiD& 01'1 r f 

u•Clld to pa'Odua• tms-•• 

In 4• 2.5., th ~n w v~ ~• • ·· oxpnoa I in . SI ot • 

conAtan\ A. 1 oca ant ••• • t\UIPU ~ ot tb• l"Ot'N-Oti •• na.a or tbt 



'l'o due; , tb . f ct t it 

t a nogl.1,;ible pr ortion1 
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Qt• _ • line•• 

of tao au 
»or. 

A ecoud f otor c~tr1:1U iq w , .,u, of tho ~W16 t A - a --
d th cont~ ct:1.on ot tbo e 

ba ! t.hO V40UUU. oh btlr W 

.o nt.:..&lt thtt ot.alon on ~ i,a Nd.a ta ~ut, 

tho .IOoi to4 cal 1.b:r U.On 071\om \lff.& \0 tllU YotlWID8J't of tit• 

hd'niWl'I lin a tte i 1 .0-2,5 , $ho . ill tbl 



19. 2..i . , .)•-\D, 
<_,.,/ lNJC, 

U.JJ\iUdl , i\l I. 
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CHAPT R 3 

IX • I NTAL PROC.,.,DURE 

biol di sch11r4 in th b iodide til l 4 3 0Ul"O s waa excited lo' 

oroit . :s t f r quenoy of 21.,.50 MHz . The ruiorow ea er 

c ntinu.oul:lly by ulltd J 2•02 JAagn tron hioh coul be oper ted t 

xiau.11 pe er ot 200 atta. ».c . otent1 . ifter nae ot boL1t 1 k.V had 

to be waint ned acroa the an tran. Thie J>Otential itf renoe wu 

conat t t abo t 1 kV tor uiy wr:re t (in ) drawn l>y the Del 

proYided rough 1ndioe.t1on ot the enwa.v• powei- ( tn watt•) output. 

The mi.crow ves e· pua b7 oouial e bl• t a l o· •ity e.xcit r< 20>, 
ua refl c.t• d pow r ,aet r anutacturecl by •tro ediosl Suppli•• ( i~ ). 

Th c vity ( a aisned by Dr. • B. •. teer• t Ho 

ndon &.ncl 8'1 plt d by S) wae ot ail 'f{;l r t)l&te4 bra • an~ on iach in 

diam t t . Th can v r1il t coaxi l oonn otor on th o •U:y • a • t r 

cool d by iroul tin& w t r through in. br as tube aold e4 rouad t.bi• 

to th• cavity arul to t h• inaul ti.on of th scicket. ben the aourcao ••~• 

oporated at high ower. 

·The int•n•iV of th e dJ.1oh&rge and th• t\Uliag ot the aay1t;y vari.•4 witb 

the poalt1on of the eouro • i n the o :'fiV• 'fhti optiJlwl twu.ng 1••• a1-t•d 

tleote4 powtr, . aa p aatble when t.b tu•• nn belcl alo th• ui1 . t 

th• oati, V. In onlor to onal.U'• tb• uiol Poli tiGJl of tbe ,ou.roeo i tb• 

ohanne · in the \lpp r tuniq twi ot the o '1\y waa machU.4 t.o • Aiu ter 

ot 6 11Ult • Tlae :portion of th• •o~••• (o.D. S · a) proJeotiq iJ1aJ.4t th.• 

'ttlni . 1tub a.li,ned the ao!lrooa 1th the &xi•• Tb.o ,ou.nt•• r••t.4 on a 

gl •• r0.4 1 1de th• oatity,-

To 'ot>ta1n tho batniua & >«!IOtf"\,la.J a batW.UII 1odi4• filled ao~N WU.I 

I 

! 

I 
I 
1 
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The di ob ra• w t rted by high frequency leak teat rand the agmtron 

current wa.a i nore Md to its final val ue, uaually 190 mA or 17, mA. Th 

tuning atu'ba ere adjusted to lllinialse the nn c t &d power (usual'.q of the 

ord r of 10 watta). 11 he sourc a were allewed to wa.rm•up tor bout 15 iaa. 

bef"ore the spectra w r recorded. J>urin« the ti.rat 10 ld.na. of th w rm-up 

per! d tha dieoharge wu uaatable and continod to the &Jda ot the aource • 

.During this ti the intenai ty ot the h&tilium l ea inore aed wbil the 

intenai\y ot the iodin l inea and. the banda deereas-4. Ai' t r the ti.rat 

fitte•n mimatea no iodift band.a w re obsened and only the atrongeat 

iod no li ea ( A5119 I ~- A6l37 ) ••r• •••ni th discharge w a at •bl• and 

tilled the aouroe. The • · n tr."On power and t he rof'lect.d po · r ataye4 

oonat&nt throughout a rwa, ut 11all.y l atin • tor bout aix bo .ra. tter au 
hours ot ooatimou s op ration, th• i nt-on ity of th• s cti-a.1 iwu trio . a.secl 

by about 1" but t utre waa no notio able oh ge in the width o tho 11.a••• 

'h · orowa•• exo1t•4 lupa emit pred 1.Aa.ntly' the fir-at sp•otl'\.la 

th atron«••t lla • or th ae•ond a,aottu•• S 'f ral autl'lon( i , 1> have 

abowa tb · t th• Nlative iattnaiti•• ot th liua ot th tlr t and th• 

seooncl spect,ua vary ith the Yapour pre&illre of the el aent ill the lup. 

t low 1'apo1ar prwaaur the linea of the aeoond spe•t~ are r laU••J,r 

t 'f ured wherea.s at high ,apo\1r preaaur th fir t opeot,u.a i• enhaao•d.• 

Tbo flpour preaauN in tbe laaps coul4 b~ l t e d by Qh . giAg the l&icrowavt 

po er input to the o 'Yity. D1.1l"ing th• analyda ot 'the h&tn.iu1a $p .ot,u• 

two re-u•cl• ••N obtai.11 d ttitb •acn• tron curl"ent ot 190 114. and on 

reoor-d was obtained with aa9'etroil ourNnt ot 17; tnAa I t .vaa not poasi't;l• 

to noon\ apeotra at l•• •r mac tron ou.rNnta (••I• 1.S0 Ill) s tho ap otn 

woro too w ak. Tb• inton.a1ti•• ot all 1111 a reoora..a tit.b tho 

ourr.nt ot 1 !, • h dropp d by a. f tor ot two-third oorgpa r ep. to i nten-

s i ,tie s of •line s reobrdod with the magnetron current of 190 mA., no r e l a tive 

enhancement of any spectral lines could be observed. This seemed to i ndic te 
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to l baenoe t · aion o~ Ut II line the 1.0 • • ., .5.,. r , thit 

wae oonfir1M4 when t tenpta w re i t o tit th i • in the ti 1 line 11 t 

to n 0n&rgy l •Ila t Ht !IJ only o 11 co ld • to • 
' , -1 

l vela ot Ht I, th &cclt , '1fY of tbo tit w a about o.o Cllll 

u1g nt w • prob~bl.,v coinoidontal. de ls ot cl saU-io tlo ot 

the pter 

h altt wi4tha • •• ey to d •ot a. l 'til li a e.S.t by 

h ul h v d ed tb ruaol vina o er ot tb 

r g 

h n1 ot1/'U■ or th 

tho 0Jont1 of peot a , 1th _ t 

otroa t 1' were t.h entr elit 

u eut a i t ot 1lt- f1A o 

tranoe al 1 t w 

r aor-4 with 1actNaa1ng x.it aU.t width 

ot th• lt I i _tod. ·y 

pct t 

NOun\e4 1'l tb th• olil.1bl'i tio tnaa,.a . 

, en llb•W"• ot hatntu 11••• • ., seA Ult" 4 ualng tt. tlret orur ·Dt 

the 600, 11.ul/u , tt· . of h • t.Unf• ot !Ht 1nlbc, 

to COY· ta th• ebol• -of •P• . 

tta.1.7 • 2. 5 ff" gi a aeo ml aettt.111 e "•· tb•- 1.0 ""' ,.e. pa _,1~1h 

!be bl.a• . a •S.• ot 'lh& g tug • u o4 to" th• ·1,,7 • 2 . ._, JUI, -. -.u,. the 

N1'8l" d al \I ' 4 for ·the 1 • 0 • 1.'6 ,.. np.oa U in 't.bta W' •• · ng 

repon •• iA\•n•i\V ot t.b• lltllt i'lttl· w f · th ~ v ra ai _ ua 
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hi r tb ton ty t .t. t tl ot from 

d tilt r r 

gion w recorded 

so ua 4 • n th-, s9wota,m 

tlW ate nd o · •r 1.0 • 1. 5 pa 

.. otrua w a -corded n ill rt. r.,,h t c Ung ord•r n 
the . 

orte4 u t by reeo:rdi - t.b ap~•tl'Wa ua1 a g raw filter ta 

pl t>t tb ailic til r. 'l' veleqtb · d 

ot ti. ntnrod · lt ·.-• 

Pl~ Cln-0 

· U1ooa 1.0 ,- 90 • 95 

ft&D1 IV 1.' ,. 90 • 

A am•• or a11n•1 apeot ( ap otn oofded without CiHt.-l i b.-a.Uoa tr:tap1) 

en '-'6D to OY rl 4 the pttll n oria. \II' Ill tbt ti 

Wrwua peotNII tbe o tput tr,oa tht &11 ,U.f1 r w 

th• p at' th11 atN • ·otrw. in • • 

n lJi • ot tb• 

tt,mtat'4 to z corii. 

•l•ted. ne.on 11.Ata ( n ta• o.!) • 1.0 pa ro11 ,.( 2 • -) NII. ol>•.-•-' 

c lcula t tb t , uoi 



re • .L ct 4 tro■ th• • Y nm 

w4n·• ua d to ob ok he cou cy of• t.ho Vtnuabara of the h 

Th 01ltiona r the 

re Yie,ti 

p rallel to th• dg• ot tb 

a •tre Nl h1cb 

••rttcal l • aon.b-4 

t 
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n 111 

wall •• 
r i 

b cl 

r • 

p t p rap aot.aqu re w • &lip d with th• p • ot th U. • or • 

trin • n •• ured. ·•1th a v m1 r , ca.le 

orib•d o the aetaq\l&Ne h ib tton 

1 • • th an.tin orcler t th• l •• 

th• p e1 Uon ot th• l i ll t • clja nt fring a • 

• 

umhe4 a per t • d 1r . :wen b n or the lin • w C \l 14 

UI • · •-'• It · 

to obt th@ U'br ti n t a,g • tlto 

neon a n rd• reoordad at the b-C Ill 

rua ••r .aae4 to c Oll te th tiau i o en tani • 

1trong wat r v po~r 

li I , OQ noident with 

1.8 • 1. 95 pra), h niwa 

a\t1orpUon lintta o uJ. not 

t h baorpU.on 11•• olo•• t.o •bt h 

axial• latenli \y ot th batn1ua 

u■ l • abitt d 

th 

wavenWlber t the • li • • Th• detail• ot th OOl.l 

nuab r• ot the hatniu 11111• 1• ,1,u l tor n • otS.o • 

A epeotral r oori. oon lat 4 ot · · otion ot hatniua •P'•t111• noordH 

by o u ot t o en ooni r aa4 a eot1on ot caU. r ti• tn • t · · • 

cor4e4 by tu 

dS. ft ND~ th l tha th tiM 

ya .. •• t.lto clitt nntJ a oor t1 

aepa tioa" ot the · wo p •. ?: • qn o 

tb • aep t1 tion ot th• tw 

for at -.10 h U n " 
( 18) 

obw· 4 
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by cord in& "artitioi l • · 11 ncluo by d ottng A 6000 no n l n · 

on botb th ap W\111 tbo trtns• · mrdin ate • Tho illal• of the 

Oil lo.il}J COY red b •ho no · • i the 1r. tin • a 

md. to SO 

tat te t tho e&it -1t. ~ · exit aU.t 

output trom th two ·t cting a3atoo• wu 

tiu ro .11Nd. to 11 tt1' pllOtrwa l 

{iD oms.) beweec 

The) dy,;,a · C p D Uon w • 1D4e 

!ho alit i tba ua•d for 

(about 5 aeoe) 

h'!ap• n too I l o d tect tho woak li.ru•• • itted by tb• .htlta1ua 

lu~. !be 14th or th• \Nit. .u. t WU· ••4 to 17' p- to ,~ui).OM 

th M w 11.Ma. !' P'lri.'Y ot thl •P o~ 4-terio te4 b&Oaute of tho 

d.4t •at,-aM elit tm4 it w I iapo e1bl• t-0 obtain th o -11 . tt.o tr »ii••• 
he waverwaben ot tbe weak litlfia were auHA bJ l1DD6l9 1nte~laUoa 

b •••n two tAJaoetit at,oJC li••• h atrong 1:..--., • lSII@ th.o • · 

with c t br · :tion trill . •• 

h acour&ey ot th& aYeauab r• of the bt.d'luu :u.-a •• d. t rait.& . 

by the'. to lori11g t eton, 

X The S.&Tegw,ait,' in._ gr&t.iJla r1Y• 

11 ' h . S.no,ult.ri.ty 1n th. ohar lri•• 
Ill , The human error in measuring the positions of the lines relative 

to the fringe s 
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IV T • diftennt tiae•o nat. nta ot th• two tectinl yate.ma . 

V Th . iaa1a11 r illu - tion of tb rat1111 r oe by th light ts-oa tbu 

i11a ao11ro••• Tb would r ult i n a itf Hao• 1n 

the 

• on 

Tb errora due to (l) and. (I!) ••• Nchloocl by t.&aing cal.i r .1.t.1oa 

trin 01 for • uuri - tho av~l'• of th ap o\ l line a. ha itt•P-

. n ti•• in the gratina or th chart Ari•• •r n 1 ot 4 unl••• t•••• 
oceurred betw•n th• t1.' •• uaed. tor m uur 

rela.tiv• to th• tr1nc••• uoh trroaul 1 tie• ••r• nott:tl aa4 Uut aocul'aoJ 

of tbe lin .1 quea&ti ••• Nc!Uoe • e tail• of the aoearaoy co , r• 

ca-• 1 ter in tbia ,.ot1on, 'rbe nora due to (l,II) weN r 4uoe4 ·by 

•a.auriag • b 11 at l a,t tw1oe; U' t two •aveQUU•r• di£ •.-.4 b7 

l&OH tbaa o. 1 •• • 1; th• l a ... 1'$116&8\JNd --1 tb• •r-roMoua ft . 11111 
to 

••rt deleted. Tho er re d.l,lf (IV) w•.N all••4 tor 'b7 adcUBC tbe "l\Y :&.c 

p •• ration" to the • · aaun4 poai t1 • of tb• liua 

'I . otora (I•IV) alao feot th• aowr, · iy of tM f14uc1&l co 

iadS.ntctly : ··t ct th• c vu7 of tbe •••••r• et th •P••tr: lia•a). 

111> ■ •. • 2.5. th• uaual law• ot rror• in tr1.actiea 28) • th •r:ror t.. 

the av•maab i" ••• (iS) 

htN 

~ ia the error in the n1M>n atamard, ~•~ of th• o •r ot 

0 . 001 --
1 

1 
l• the n.t.iri. ord•r of lino 1\h WAflUuala r otef'

1 
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i V r o· a · r .li • 
5 

i s ringes b 

th f due t. 

e1 1 tb rr r n th f cti l frii: • 

e2 ic unt. 
,) 

A i th ror in • 

0 
ia th rat ord. t the C ti.nu 11 .1 . 

N1, •• No 
w u l y of the r 0 1, , . l+ 00 

r peot ely, Th rror in tit i'r oti n d e
2

) 

wa about 0.02. rro in th• t'i t A WI\S • 
int t•o val.u at c loul ted tor a r r 

of 0.00001 0■•1 • h Yalu• of th• tiduoi l oona t s r 1h o-rd I" 

-1 r 4.0 oa • Sub ti ,tin theaa val • u • J. 2., it C be • n t t 

tbe fir t o ttraa on the right 

n 1lectecl nd the rror _in tb.• 

aicl o th • qu tion ca be 

can be o 'th• o er 

or O,Oj .•1• In practice, lti l ob tr• tin error 

b;y 
•1 to bout o.o• GIi • Th• ow lue the aotlil&l ·tTOr • obt 

ooaparing the • enullbora ot 

the 111t rt ro• tri ally II a1ure4 valu •• 

'f&rioua ting order • wer 

i 

• neo 1·a,,,1 

pr aent project. :d:a• 

di tere c•• in tbe veawab•r• diYicl.-d by th ord41r• 1a whioa tht lia•• 

ere aaur.d are abown iA Iii• ; .1. ~h u~ority of ditf•r•no•a lie 

.. or !Mt cU.f ·•Nnc • •n• .t o. 5 

to b the l at turtb r indi tion of the o uru1 ot th• 

wa enu.■b•ra of th h iua lin • c be o-b 

v luea ot the wavenuaber• t the neon l 

tu intert roa tr1o 

ed. by a -pal"i th•••• • 
•r th t ••• nth 

aqua 



_, ,,3 - 0 .2 

F;.g. 3 .l . 

w 
I 

- 0 , l 

20 

15' 

o.o -1 
ERR8R cm 

0.1 

i . . 

0.2. 0 , 3 

HIST,JGRAJ,l OF THE ERRORS OBSER'vED ! N THE WAVENUMBERS OF Tr!E NEON LINES. \..N 
-.J 



\' n iD bl 

are 11 t.a cy. 

.. b ) 

lvela of t I of .o 

)'tte t1o (V) (VI ) . b 0 

(VI} c n t b d t 1 n t.e 

tbil ro. ik y 

V U 8 t • • r. 

A I 0-I trr/ oRD=<r 
I 

0 0 0-11\ 

A oa1 -1 -1 • 

' .421. 10 ,-.1 2 tt7J.079 517.S. 1 

878J.755 11:,&...65} " .J 7 569 • 
5 ~ .,.aao 1708&.?,o J ,o~.,a, ""·'° 5 5 .400 17086.750 ,. 4271. 

7" .1166 1497.J.92' :, 4 1.J08 

607,..3l77 1'462.700 4 z..11s.,1S 
11614,.aoo 8610.150 1 8610.1,0 ,, .527& 1!>.5 ,.160 a 7684.;, a..,,.,, 11 1.1,, ,.5'7 5,5 

.. 1a .4,274, 11878,70' ,,,,.,9 
70)2.41}4. 14219. 9 7HO. 

A I 1a · • iatHi'aro1u 1y U\l 4 

cr
1 

1• Ult 1a ... ...., ... .,. • ..,atl'1 ll,y 

0 1 .• 

er.,,, t 

A 1 

3 

two • tbod-• 

t th 

d to Nl t 

b •n a .< ) tbai 

• 

l 

I 

11 0- - (T'"' 

0 
-1 •1 • 

0.04 
0.05 0.01 

0.11 0.01 
0.04 o.06 

.OJ o.o, 
0.01 o. 
o.o6 o.o~ 
o.o, 0.18 
o.08 o.o, 
o.o, o.o,. 
0.11 0.16 
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In Tabl J .3..,, tho h .... tni lin i n tho vo . nc th · ion 1.0 - 1.,10 f1 

h v b~en co d ith e e ber:i of t1 .a l1nea a re by 

Corli set. &1 .<1') . rtty of lines 86 e wit. in+ 0 . 05 c • 1 -
praotic ll - 1 ell lin 5 aer v w thi n 0.1 c • nly tht line ( 11219 J, 

112% · nd 11602 I) differ by :. &Uch 0 . 2 c - 1 but the r l ativo 

int nsiti o thee th. r t 11 d1ff r consider bly in tl t O l" co • • 

o of th s line& ( 11 219 I d 11 296 ) re r l t1voly e ak d h vo 

b n as i nod th oeur c co e ( _ bl 3,4. ) 

~m lilt ly in t p nt s.sur mont. The ·1 er p oy in th third line 
th~ 

ce.nnot ba aooo t d for D th ber m u ur d rine/p s nt "'roJ t 

ae-e t be corn t J thia line b 'b n aasigmd to enera 1 ••l s ot Ht I 

with n ccuraoy of bett r tba 0,01 ca• 1 (le'J esigmaonta given at t 

end of Ch pt r 4.) • A 111111b r ot • 11n s ( i nten 1 ti a 1 a r e t"ttd 

y Corll:sa et. al . ) woi: not ob erv during the present analyai and o_.. 

th ~·• ont al.Y 1• 

h ve not b en onad by Corlin et. al. 

Ia prep rinc tM tin&l 11 11 t. iv n at the end of ho t 4, o:nly 

th linoa record. 4 n at l aa t o ch rta er incl ♦d. 'l.'.bQ co . p.ari.•on ot 

t o ob rte • a Ii! oe rJ to li■ia to the atroq 1io , • p ua a ••ured aa 

pectral linea.. 'I'h wavenwab•r• ot p otral. lin • in th• t i n .· lin• litt 

weak tn a ( two trom cb of th• ~ 

erl'Or (A ) w a c loulated or • ob lin 

r val.u • tor 

A l th• 1 a 17 n, nll in tb tr i.,.... • ..,OUI' l:»eorpiS.oa t,an(la •• ·• 

11ignad tb• oodo ff s the oouraoy of eae linu a we.» une•rta n. 'l'h• 



!CAiLE 3.3. 

f I IHPRA•JUllD LIMBS • '1U PRESmlf JU18ULTS AND 'fflE 
llESUIJ1'$ OF CORLISS t.ai . 

FQSKNf JIE6tlLTS 
SIGMA LAMOA DI'? QLT 

-1 0 m A 
I n m l'Y 

9976.74 1 oua3.31 1 a 
9963·.& 1 0036 .51 90 A 

9912·.23 1 t.Ki\8 .55 20 a 
93'11' .Q1 1 01 03' .86 4 C 

$689'•05 to112.19 4 A 
$666.48 101 35 .33 3 D 

9633' .94 101 68 .86 11 0 C 

9798 .41 1 U?f// & 7 A 

9'19:>·.~ 1 a?a3 • 79 3 C 

CJ177· .88 1<221·.17 au » 
9746.99 1 U!59•58 30 ll 
9()68-.74 1 u3'G·.61 3 a 

9(196 .34 10388 .1 6 10 D 

9617· • 18 1 0397 .41 f:!30 B 

96(2 .41 1 <>414·.o; 1 C 

9597 .85 1 o419 .oo 4 J> 

9593 .,a 10423-.70 i3U 0 

9573'.8o 1 (>445·.17 4 S 
tv.:h· 0 .. i. ~ 200 A ::r.,n1 ·.05 1 v-19Q-.I S 
9531 .~ 1 ~ -.4o e. a 
~6·.78 1o496·.73 1 A 

9499.,u 10527·.31 
94rr·.93. , 0550.a3 
9430-.53 10594·.ST 
9414·.25 1 ($2·.t 8. 
9403·.c,6 t0634:.S4 
9400·.at t <J638 .QS 

se91 .35 , 01aa-.,, 
9'?$3'.C>l I U77;J:.Y( 

~\5 .1 8 1 <.x351 ·.66 
g.?01 . (2 1 . 68 . 

2(1 Jl 

10 » 
50 a 
6 A 

5 A 

330 a 
3 a 

3U A 

10 » 
4Q C 

COllLISS t .al • 
LAlmA M! 

i 
y TI 

1 O<.e3 .3U 2 

10036'.53 150 
10<&·.51 4o 
1 01 03·.88 15 

1 0112·.2<> H.> 

101 3:h30 6 
10H58·.S1 20 

1 t2tf7'.78 8 
1(2(S.74 2· 

1c.ea7.1 8 ao 
1 c.259' .67 1 O 
toYQ·.55 

10388 .31 
1035"·.45 
1U4i4·.o, 
1o41S . 99 

1 OIQ 3". 78 
10445'.17 

3 
e 

200 

3 
g 

-400 

7 
1 oi.80·.&1 200 

1 Ult84·.1;4 3 
I o496•.''f1 3 
HJ,t!7·.m8 IS 
t 055()'.65 100 

1'()5~·.89 5CJ 
1~.14 12 

10634.81 5 
\063'7·.93 1 5(> 

101&-.e 3 
1 Ufflh33 15 
10'351 ·.65 6 
1~68·.44 eo-

(J.01 

o·.o4 
-o.c:e 
-0.01 

(;'•03 

0.05 
,o.o4 

0.05 
-0.01 

•0 .09 
o.06 

-0.15 

-0.04 
-o.04 
(1.01 

-u·.oa 
o.oo 

-o.06 
"'()·.04 
-u·.(.)41. 
""° •03 
-c,.ua 
--o-.m 
o.o4 
o.oJ 
0 .1 a 

0 .01 

u.04 
o.ot 

-o·.oa 

40 
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TABLE 3.3 .(oont .) 

-------------------------------------------·-------·--------------
I II III ff V n ll•l' 

-----~---------~~---~---•---~-M-~--~-------------------
9173.50 10900.96 2 B 10900.75 15 0.01 

91&-.09 , 0914.54 20 B 10 4.47 50 o.<J7 
9154 .66 10523.4o 6 B 10523.38 2 o.oo 
91 J~·.95 10933 .80 20 A 10933.&a 10 -o.aa 
9142.29 1093$ .1 8 20 109"' .oe 2 u.10 

29.70 t 09'39~6 8 C 10953·.1 2 4 0.14 

911 4·.46 10971 .;a 380 C 10971 ·.61 50 -0-.-03 

909() t1oou.04 7 A 11 000 .00 3 o.o4 
9066·.os Hoso.1 6 50 A 11 030.13 20 0.03 

90':J3 .77 11039.03 ao D 11039 .. 01 4 o.~ 
9052.23 ,, o4r.oo 80 t) U <.>46 .97 40 ().03 

9m9.76 11074-49 4o 11 11074.tie 5 IJ.{f( 

9V15·.o6 11~·.55 3 a 1:1,~ ·.58 1 \ .03 

977·.41 111 39.07 80 C 11,139.05 ao 0.02 

8936.148 111 9(1-09 2 J) 11190.17 1 -c .oe 
9' 3'.41 11 219 .05 to I) 11~19.ea ' "'(t . 3 

8906.52 n221·.75 23U A 11227 .70 10 0.05 

8905·.,a 11 228.99 l~ f) 11 22$).01 15 -o>(2 

8894·•99 112JJQ·.28 4U i 11 2Jie .1 6 3 0 .1a 

8851 ·.94 11296.96 9 D nas-6.74 1 '-'•· 
8846·.Bo n303.52 100 e 11303.44 to o.08 
87s&•91 tt 36Jf,.~ 610 D ,, 365.(a 25 -o.~ 
sm.19 11 393.17 10 A 11393.1a 1 u.o, 
8710.31 n · ~.65 ew A 11 4&,,.6t 15 0.04 
86t S·.93 11 6'a .• 38 130 e 11 &.Q .1 6 4 o.aa 
8498·.43 11766J38 150 a 11766.95 10 ~.07 
8360.;{( 1196()-.91 390 ll 11 960.SO 2 u.11 
8303.55 12o43. i 680 A 12043',~ 6 -o.04 
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tll.Y · tho no · t gr,troa, 

ho l in a oor 

driYe eN l Q) • 

raoy ode 

.!.1 rror Liait nor Co4 

o • 6 4_ o.o· o 
•1 

-1 .t a.o"' < A {.._ o.o; o D 

•1 .t o.o,< fl ,.t 0.10 t,) c 
•1 .t e.1 < A ( ;t 0.2 en D 

j:, 0.2 < A ~.t o.s ca•
1 

I ' iti•• 

• when 

W YU · ib t"a ot tho apeo nil lin · ff I 

le th ot · • 1to u uae4 tot' th spa tr be • 

; 

to 

T • 1 ••r1 of ill• • 11ft, r · • t •t• by r•i> ·. tu. 11.tc · · ve 
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Th bl ok -body e ,,sion~ of he 1 p • 

differ nt t"il ment te peratur s ,e,w plott d , gs.in ~t the correspoudi n 

r oo r d.etl eo t i ns . Tho tru~ te p r tur ot th tilament ot tho lmp 

a• obtained fro eurvo:s (au.9 111 1e by ?hil 1.ps) or til • t current « i na-t 

tilam nt t ure. Th 1'il nt our nt a ae $U d ith at da.i•d 

amaeter, he our t b 1.ne dre.•n fro11 stabil s current sup ly (Jarmll 

St abil ised Current Supply• ~ 

tor o e.1: plif' i r gains n.n.d t "ttvo . Yel nt;; s . Th 1-l ok.•body anon ot 

the tila nt •aa not corr- oted f or the tr na i s is1on througa th qu ts 

n·re ope ot the l amp s the 93% t nsmissi on f otor wa..s kno . .n t0 b& oonst t 

bet,oen 1. 0 • J . o o apeotrt>J. r !lP• Th u lifior w suffici ntly la ar 
I 

(Fig. 3.2.) to ■e &\lN intensitiea it all• anc wa ude tor 0 , 2 o,H erl"Or 

in th pen r-ecorder dene tion.i 

Th int nd tiea ot the bafniu11 line r m easur d ro . only n Qlsa,rt 

r eord.ed &t each«~ t ing ~•tt • Th ap ct r e reoort1 ft l" b. 

tnium l111p h db e allo, ed. to or 

aw.phide cel l currut • ·nte.ine4 .t conat t leot 5fAllY 

inte,rrut ting th• r un t one hour · r, s to pl th .JOli C rlx>.n· 

4io i de used to oool tho e 11. ~h aicrowa e p01;er in· ut th r l ow4 

power ware alao kept oonat&l'lt• Th• r gions ot hifth t r •• oui- .tsaot·ptioa 

w•r byp aaed. during i nt~ 1 ty 11uuustil"ftJ1ente, a• in thi spf.Otl'" l t- ion ftl 

a,ean~tlll indio atio ot line intenai tie• W 5 poaaible Uli.Jig appnr-.tu, 

opeta to ii-. 'th bei t• ot the topa ot th• lbw 1>Nt'il a ••~• 11 a urecl 

with an eccurac7 ot 0.1 oetJ the r a• baekgroul'ld level 111. the iu Uat• 

nei ghl.tourhood ot the l1 • w•a und aa a terence l-T•l• 

'the i ntenaiti•• ot tr. h t'Aiua 11•• wi-e pu.1, on • uaifora •••l• 11,1 

oornotin« tor tb• • eying wnvel ngth re1pottae of tho lea.\\ auiphicl c ll.• 

The wa'f•length . apou• • • corr · otod tor by replaoing tll ld.cre•a·ve t,coite4 

1ouroe by the tandard leap. The black•boc\Y •1•a1on ot th• tug ~•n 
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f:11 ent k pt at aon l'\ t , rrt t 

'l'he bu.o .. r ound l ev(J) in ts en 

dit . A t o 

s recorded At 0.1 }lm int n-&11. 

as obtain by blocking the 1 ·ht bem 

olynoaia.l wa titt 4 tot p n• 

r oorder detluction:s and th bl ck•budi,y eahaion1 by the aethod ot l A t 

~ uarea(27•28), t o obtw ourv s or v le th &i nst bl o •body o 1 tona 

n4 of v le th ,e.in& p n-r cord r ofl ction (!'ig . J.J. n;b). Tb~ 

olyno 1U l a.ti s re u s d to ut th hu.fniu liM ton iti e on 

uniform cal usi n the r l a.ti '}n 

here I
1 

1$ he h tni line inten .. i ty 

D,
1 

ot the lin rotil bov u, 

baok• round l vol 

nat 

blao -body e ba o o\ln 

1:11 (1 • 0 • 4) a:re th • p 

pen•ric t'der d fl oti n oune. 

ob ine4 by oorr otill! f th No rd 4 11 

1>rot1lo for th a.1tpli i r ain tor th xt raal · tt nu. tio • b 

in en si ty ot th• we at l1n.a w. net e al t o 1 flnd th• int•n•1 t:1 • or 

the rat of tho lino er sc ed aooordin3ly. 

reoordin, tho ,teotr l lin • th atand rd la.mp mioaiQns o uld h ~• 

intro ueed error• n tht intensities lNt t li it ot accur y of t.b• 

•e au?i d val\lea • a .set by u•cert inty in th r t no• 

The error in the inte i t.l•• w a beli Yed. b About 10" and no cornotiou 

were ,ude for the 1 1110 rease in t he l i ne intensi ti•• ob a M tHl . t r •! . hou.ra 

f o ntinuous operation ot so roe.,. !h• rror in the baclt~ roW&tl, l val du• 
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ot the P4J ,..i 

urat • to . d tb& cl.aeitio ti ot U • •• 



CHAPT 4 

DATA ANALYSIS 

'1'h9 521 hatn u lin a obi rv cl .i..n 1.0 - 2. 5 p- ap o r r • 

h v• been given in th l n 1at t th en of thi1 o p r. Th line 

lit inelud I 1n columns• 

1. Tb• obHned o.ir •v•nuabH•• 

2 . 'l'he corr • ndi a~ air • · l•agth. 

,. h Y cuua wavenu ber. 

4, Th intenaity ot tile line. 

49 

5. .he aeour oy ot the lin • cording to the Ood.• gi en ift 'I' l>le j.4 .• 

6. 'l'he quality ot the linH. 

7. Th •••n energy l ela ot th posdbl• tranlitions. 

8, Th• J•qu&ntuaa :auabe1• ot the Y•n l•••l• 

9, The odcl energy le ela ot tha possible trat1 itiona. 

10. !he J•quantua nuabera ot th• od.4 lefll • 

11. Tb• oaleulated •a•uua lfA'Hmmber.a. 

12. Th ditf'er no• bet b t ce.lcul ted and ~ 

~AB . 4.1·. 

fb Acou ey ot Lia•• 

N llb•r ot Lifl•• A•ouraey 

110 A 

139 B 

12J C 

52 J> 

" 
I .1. Claeaifio t on ot • iJ'le 

A ooaputer rogr ?Ute ( .P t:1dix 2.1.) in '°1 w , 4ed !ft 4 to tt, \ht 

Obaerve4 hatniu li a to the erfT level• ot ll.atm.ua 11attd b7 
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i f'f · need. p ir ot o and. 

tr nu. ti · •• ttb ua, r ot acc14ut coinol •no•• 11 the 1 

iu a., •1th lb• illON ,. in ta- nwllber ot lina,6 .a. 1dth th• 

d• Na•• ot uou.rao1 of' fit. h error lie t a. ttpt lo;, ( 1. • .bi 

aooua-a ~ or t :S.t) w en 'ta nutibU" · t liaaa •• hi · • r • ltua titted &t .a 

rilGUlar enol" liait ••r• el•t-4 troa, t-h• l.i na 11 t bet N attup\ilW t• 

-.w,r or the J.iua at a h1 · r error lild.t o .••• lowat aocli&Nlq 

« .. naai th tot•l GUllb•r t liu• . • tb• er,or lblt waa tno"•••• tlm 

ltve tl.tt 1th 4.70 hotniU■ l1Mtj n1y ltlMl,1 whoa• 

,1,,1a1 tJ'Oll'A ••• th low MCUHO, ot ~-- 1-1m• WO\.ll4 bl.Ve ifto~ ·••4 u,. 
I\Wlber ot otU.t l ooitai>ld_. • • ~ - ao~oY litoit , th• total mdlbQ 

of 11•• ~•d t.rl4 , ·• nwlb•r ot lino• a:!. 1oM4 are given. 1A 1, bl• ~. t.• 

. . •1 . 
wu b•ll•vt.i io n o.os a . !h• ucna:a,acy of th• •n.ro l•'f•l• waa 

Obtain-4 by r, Wag tb• 'f1a1bl• t"4 M -u1, .. ¥t.ol•t 14:iiea to~ '4..., 

ll&Y~•I'• ••• 0.0_5 o.a1• S-iaoe th• uce_pw<\ -..rgv l wl• nN Obt._4 

hoa tM 'Viti'bl 114 11 I' ult 'f:S.olet U,z ••(Y ), ta• \II' tho, lottla 

· u • sqaecl to N ' .05 oa •1 • ' 



· ecuracy Li a nd Ar. ign l.in n 

Accu oy 

Li■it 

-1 
,:t . 0 C 

.t 0. 05 .-
1 

~ 0.10 •• - 1 

but the inten.s1tiea ot tn. linen obaen in 

86 

72 

62 

51 

l ai,aated lo••l• w re ue to v rit,' the l l U l'lip•n a. In Able i..t., 

t.he lin • oba rv•d ,.£ tbe tz n1ition1 .5a3(4s)6sS,.-► 54J,. ("-,)6,p,1°am 

,a'(~)6s5P ➔ S426s(41)61>5»0 
h v b en shown. h• 11 ootr Un•• la the•• 

two aultipleta ta 1 in tbs 1.0 • 2. 5 ,- re«! • tlnd th i.Aw»ait.te• ot tA ae 

ltn.• w N measu d o.ttd p t on . . Mifon nt4llll. In · ablt., ti.. l. th .· alr 

••nu111bero ot the l 11t a, the int nd.U.•• ot \h . la •• tbe •q!WltUr SE. 

C• (Intanait,)/( av• r)•J Rnd tb• th 0 - ttoel l e at qth,c,7>u,. 
bMn liatea. Tb int.-n s1ti••◄re t nd t oo\, 1 th ... rouo iq rul ·$ to:, 

iat.ultl•• ot 11•• ill ltipl ota(-")J 

1. !lw 1t~•t Uno are tho e tor lfhiob th@ o.h • i n J 11 t.ll• BM a1 

that in L - Pn.noipAl lUJt:Uh 

2. h •t~n,eat prilloipAl. line :la r. •1th t.ho lupat J ot tbtt ud.U-1. 

level. t• int t11f.ti•• ot tb pimt»t.1 lia• 4ecreas• •itll 4oona,S., 

, . ot the reMiAUI :U.••• th Um·• la vtll1oh the o.baawt u J 1, ~»P ,1 ,. 

to oh~ 111 L aro •••• than the liu• • ill whJ.e · tho ~• '1a 3 t• 

the, aaae , that in L. 



TABLE 4.9. 
52 

LINBl DnBNSl'l'lBS ANt> LINK ffl!NG-TJIS 
KJLTIPLETS OW I 

5426 (4J)6p5:,0 

.B(em -, ) 21738 .70 22450.5 23448.61 24785 .23 2!:Q(.Q .53 
- J 1 2 3 4 5 

14()9i!.a8 , 7~.59 836<>-57 w 
573 389 I 
100 ~ SE 
ao.2 10.1 ST 

, 14740. a 700(.) .1 6 7711 .• <J'( 8710.31 

11 • 575, 201 , 
c.n 21 
25.3 15 .2 

-'f., 1, 15673.33 3 6T(9.18 7Tr7 .41 9114."6 
78 578 382. 

'\ ' 22 94 33 
15.2 39.8 15.8 

16766.60 4 3.83 Steu .• 85 9430 .53 
143 657 50 

43 95 4 
15.8 64 .o 11 ., 

17901 28 5 688!h83 8303-55 
te9 676 

34 85 
11 ., 100 

SC' 6a ( 4-, )srs5r,0 

I( ••1) 24966.78 ·-·-··---·-- ----251911-.47 25634.at 25305.78 27516.41 
J (,) 1 2 3 . 4 

a0784J37 1 4183.12 4410.90 4850 .69 
12 3U 31 

11\0.. 
l48 96 68 
11 .. , 25.0 19.4 

! 209l)B .l&e 2 4287.24 4"/27 . .o4 5396.83 
#'A. 10. 41 • .__.., , 36 100 

(11')i I ea, 99.<B 8.3 J? .4 
3 4tlff .es 5318.88 

6, * acS 
a5 .9 

I Waven\lll'NNI ot-. l•v•l.• ot taa ttonftaun'ttoc. 
J !owl -.n;ulai- IDOIDlm\unl quan• ntallllMtt ot • l•ffl • 
W A1:r wavenum1Mi1 of itw •~otaral line. 
I lnt.ea.lt, ot tau, apeowal 11ne. 
SB &q,erima . ;taJ. 11.ne ........ -._. .... .,.. • 
ft 'J!uoret1 -.l 111'♦ atrenatn. 

• in . 1 ti•• ot 11n•• keel wi · an uteri 
w.re noi meaa 



53 

involving olaa it1 d t • nuab r ot i nf d linea o I e:r:, to 

ooaplete aoae ot the ·tr a1tion arr h ve b1en obaenedi ti GO p riaon 

ot the in n&i ti • in auch c ea h ve not be n unaabiguoua t. in enaitie 

of the n ible lin a courring in th tr a1 tion n-ay we.re not o a 

Wlif ra scale .-

The low lying l Tel• ( apecially those or tb• e·un term•) ot h fniWl 

' ppear to be LS•oouple4 aa tale l vel aeparaUona ••• t tollew the Laacle 

i t nal nle(.36). The ntl ly' S whiob 1• a proxillate]¥ equal t the 

line atrengtb oan, t reto • be co pa 4 with the tbeo tioal tiplet 

line atNqtba g1Y•n by Whi Md. IUi aon (1933)(36•37), In Tabl• 4.I. , 

tb larg at Yalu• ot baa been • t • ual to 1001 tM othor • lu I have b••n 

1hnrply roulli.ied ott to• • ooapar:laon 1th oalol.llattJd line atnngtha eaaiei- 41 

The xperiaental line atr tha ••re oot btained •• t t ratun 

oh aotor.btica of th hatniua iodide· aourc • w not atudS.•4 clui-1 tbe 

prea•nt analyaia ot th h iua apeetrua it w • t ,o aibl• to 

••tabliah it &b "n:oit&tion t•aporatuN" eould 'be ua d. to lril>• tb.e 

population ot th• en FC'f len1a. th• ext•nt ot a1lt•&b1orpi1on ot t • 

a eetl"&l liae1 wu alao ~. illorin tor 1 error in the lib inten• 

a1Uea, the ant1ty t 11n a 1-. ·1oaably ••ll with tb th•oa,ioal u.ae 

atren,tha •x••pt t r lin • )Jing &lo th• prinoipal 41acon , hi laok 

ot ;t rt ot a&re• t aq b• 4ue to . th• •' ••no• ot ta• oor otiona ter th• 

tinite te■ptrawre o th• aouro, aa.d 'lib• eor oti 

ot speot l 11 •• 1 ck ot a,JWtunt ooul alao ba du to the 
. ., 

d.epar"-N• troa perteot ts-oouplinc and th• oontlguration int raoti0n wh1oa 

wo let &tt et th int ndU • ot the l i • • r 

l•••l apaoing. 

Th• liMI a 1,a 4 to b ol•••iti•d l•••l• a •• 4 to~- oor O\ .lilD4 

1 t ···••d re .... ,,&,....bl• to a IU-
1 

t l in a a '11 l vela oi- ioh 111" 
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th J quant nullb rs w ro known w 

out ot the 220 li12ea cla a1t1e4 d ria« th pree t pro.i-ot o uld be 

a t.in•4 to two p ire of l ••l•• Tb peotral i n 

l vel, a.re given it\ bl Z..I• It 

aa nclaaaifi d lia8 . 

Only on,, infl'&red. atniwa line co l d b• a •i1Mcl to tbe ••ro l t•l• 

ot' Ht II al though •on atrcna lit II lin • were poa•ible 1n th• 1.0 ... ., ,­
•1 

aion. The acour q ot th !it waa 0.05 • and the aa1ig1111B t a1 

robably aooi~tal. Th abauoe ot t II UAoa a al.M iW11a t ' d by tao 

lack or oh . • in th rel ti • intall l ti. • ot 11 · • ia the epeotm- recorded 

at 41tteren\ 111.o ••• ponra. 

'?wo Po•a1 1• !re.Aa1t1on• 

Wavenumber Bnrarr:, Le••l• ••••11• r 
(Air) (VAG) ven I 044 J (Calo) 

9201 .01 9198.,0 a,,1a.6o J 'J4877etM.. ) tt'8.44. 

·9201 .02 9'19 .,a 4.7'°6. 21 2 .J&t.01.ao ' 919£h41 

The JNienoe or 1.&r.1• __,..,, ot unolu11t1 lhw• - ,-. qt.&1 w 

atrora, • ae••4 to •usa••t that t aN 001i1ld be ••• l•••l• wblotl }ig ·.~ 

not been towd b1t,re. A :Wv•l ••ffhili& propaa(»,.;9,1t0) wu 4••1a•fl4 • 

look tor MIit lnel•• · Tb• l•••l N&Nhilll PftlNa oeJ.o\lla tt4 ,all tbo 

co · ittatiou • (l•••l + U ) u4 {lov•l ~ liM) • wb1oh ••" reat•r ibd 

••"• 'fa. lev•l• wen •"'6 · . •4 1a e. uaoe:ncling order tlft{l • . · -..• ot 

npit&tiag ooabuaUou, wit bl 0.2, ••
1

, w•re print-4 ~,. Tile n _ er ot 

tor~i.toue o•l>iaaUoa t.o t>• up .. t.a 'bJ 'o1•• 4l,atn""'1on .rr4 tti tbla 

a tal•rano• 1••• than o.a, oa • 1 n ao cu,low.awd.. n. &Ube.- ot 

torta1toua o b tioaa ro li••n b:,(4-0 _) 
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4.1. 

1• then r ot c i n tio 

1rlll• ootib1n t i • w1th!A o. S 

1•• iti l •• rohiq ' be line• 

dtbe d, V · at d 

IA, : Le'fel 

C oab:uur.tion 
&'f •r• · •II)' vela 

-1 (Vao.) oa-:-1 ( ) •1 • • J 

2 210., ~o.,.a iJ.O,.o, , 1,10.80 2 

22210.34 7786. 7 7788.60 29996. ·1 ' 210. ,1 .. 19'.-•7 . 1WJ17.8J 1 

22210 •• 1 m;.2a 1m. i..1 1w,.1,,, a 
'rbl n\Ullbt.1" ro~it • 0 bt speot _ •1 n .,. 

-• t •1 .o, ea • • .,,. • Q001,' ts.on 10,.3lt- -·
1 

_ .. 
~b tor tt to b 

••• 0011.r:1 · dloaa ot Ht I 4 • th•o - ti.o . calcul t1 A ot eiUOGII 

..... l •• . of t e O •• C to cl • ' t., 

th oo iiutlon t o 



56 

4 . 2 . Th oretieo.l C loul.t1tion. of th n rgy Lev ls 

The configuratio 5d263
2

, 5436s and 544 p . b bly to tho low e•ren 

contigur tions ot Ht I(.1+8) d t.h pos ibl lo level tound in th last 

otion w s prob bl;y l e•ol of' one or these configuration • Th positions 

ot th n rgy lavols ot th se oontigur tions w re o oula ted Ultiltfl both 

the l ctro tat1c th bin-orbit 1ntura.ction8. 

I.n th o ntral tield pproxi tion ,the en.,rgy atatea e.t oonf'i rat:ie>n. 
by 

of ato · ar iver,/the ig&lY luea or energy trio a (o trlx for 1a,cb 

posoibl Y lue of th tot ngular o atum)(l6•43). Th II o.tr1:r. l•· ont!I 

conn cti eta.tee b and b ~ be written in he tolll(4-},~) 

11 d l J r tu orbital aniul r 

ot ino pletely ti l .d sub ell . 

Eav = ~ Ii (n l )+ L ( pair )E' 

wb re th• aintle elec ·ro integral 

ntwa qu . tua nu.ab r ot a contiS"'ratia 

•• 1• tbe w igbe<l . ,. rqe . · era ~, 

z lle the atoaio auab r ot tb4t a to• 

a 1 1 th• redial portioa or tba oae ·•l••ta-oa ,ra<w•tuao\t.oa. 

In . 4• 4,.J,. t 1 i.• th• a•er • int i-a~tioll. tlieJV fl p ira ot le•ttou o 

th• incompletely tUlo4 ,uban•ll• and 1• •• llp of' OQllbinatioa• cit ra4ia1 

iateirala pk end. (/;k• 

fke Cwulo•b, ••ch- .• a.ad. tpin-o:rb1t iat•nottoa par••t•r• 

(r, Gk &llcl ( NIP etivtlly) &N ef'i nod ffl 'bn'II& of tA• ..-.Ual p:o:rtlQlUI 



he 

r, 1a the aaellH• ot r d r 

r ,. 11 th• 1 11 ,- or r Ni4 r . 

ce ,. 1/137) ta th• ti atruotun o 

b , nt r ct.ion. par e •r• oan b c oulat d it the 

t4I 

ial : tion 

eapino&lly Ml.tu abl• u ntt \ha t l>• d.•t ra • d by l &at- i• t 
th obs n energy l 1,<.r..S,4'). In • 4.2,, . 4 4

1 
are 

ao ttioi at trio • -,b1oh ant t Un of the orb! 1 l 

ti.cm. G1Jn•ral ana)J'tio8l. • ~•~ for o&loul tine the 

trio • "• bHtl deydop 4 by bO b(4J,4.7) • 

he position or th l•'felt ot th• lN ev c0Dtl1u . · 1o 

(5426 2 
t S4J6~ ,a_•) N . al.cult. ri p . &&Jlt ot. 

57 

l•• l• of th• conf't " ti :,426s 2 v• b••- ! . nt.iti . .(32) vx.au~ 
1 ~ }, 

t not all th l.ovela of oenti 5436·~ · _4 oon• · th• l vfll• ot 

th• onti r•tion 5114 • know11. ♦ T.ntt l . ..., ot CJ¥ b l♦W • ttr tiicb 

b n a 
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the oonf1 urationa 5 361 r pr nt d. ho ta d~ai tiona 

Gt' th lev la p dti~ o unknown l ov la oo.n b fo n by 

co.lo l ti . th o itiozw o th 1 v ~ d co -~ins th s 1th tb 

oba n9d lov l (39, 40>. h ol s ifi d l Tl or th c t i ur t1on 

'Jd
26a2 

of at I ,. to obey th int ,n al Nl.· good 

LS•oo ling n :it I. tl le v of tb i hb Ul'it~ toaa 

(Ta II , Z 7:C4,,) n! Ht I , • 71(49)) in c tod int 

to e be t r • 

cc tf1c1 nt a trio in tS•oo , ot • ol otr'o tic int r-

&ltio •1'\hin th conti&wr ti:> d.2 2 and 4'+ we in c1 tro t le o . • 

11•4 by later(4J). h l ctro tatic t ru.cti n trio• tr the 

co rt ur tion ,J •• 

dj \ly Dlr c•Van Vl c • 

trio ro tho c 

froDl tb• trio a tor th confiaur •ti rt 

o:t ot c li l& • I oc ttiolont ., 
r . U n d 

• k + i 

( a') 1• tbe diqoll&l o apo11eAt ot the oattioi at u\.-1 • o Ult 

oontl,ur tlot1 4}. 

k ia the t.otal apiJI q\llU'lWII n\Ulb r of a IUlUple\ ot tu 

oonti ,. tlo J . 

a i• Ute total apia (l\.Wltwa nwib r t • 11111.tipl i ot tb.• 

~1 - U , 3 • 

Tb apin-o:rt,1 t in·t•r otioa wi tau a Conti 

(dnvSLJ ll(rf.ili• i i dnvSLJ) ,. 7· 
~+ 1 - II ..-, •·• 

( - ) 3 0 ) ( d nv SL U V II d nv BL ) W ( SSL L ; l J ) ( ( :r :i: ) 

. 4 the 1ntenction within ti · U n 4 1a given by ( ,Ji) 
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ti na ~• d to 

apiA•o hi int 

db tb ~ uco<l tnbl,trix elo ant 

( n II 11 11 . n d ••••• V d •••••• > w obt nud fro t bles OOM"pllttd by later. 

i te<l uncti n or th p ea•t•r• 

t bllt N4uo • iapl huct1o for 1al to i 1 anl 

, b o, d( 52,s,) . Tabl • t · cab 

tunot1ona fol' • • u l t o~ t • o to, tor• r1ou 00•1aat10• 

+ 1, · • c • 1) re cu.-,apu ted. u.ein,; tbl uapl• . ot .a, b an4 o. d. ( • • • b 

nl t1 ua. Rao h uncti e el\C im red du th• c lcu1 tlon ot 

ooett101e11t u ri.o • f£ emoti n. vn»N duo 4 by 

QU1tt1"3 tio t th 

&Y iah. ., ot th oonti ti a 
2
( cl)/W.1 th OW.0 . 

l+(d.4)/44,; p 

2 G (da)/10 th n ter- exoh o int r cti n ruetttra tor the 

ooatiprt t1o St',~ 
ttwt • J. . orbit 11( NloOtion p rue r . 

rf'o ·· . a by the · thod d. ecnb~d l'>7 . aoah(4') u4 

hon i . th tl• o · · tg .• 1. t1r t ~p- roxiaa.tic,u tbe 

p nat r ( ,2/41+,1 , 1/44:! , G
2
/10 n4 ( ) ot he oonti ration• 

54682, ,54261 5d' o Hf II(I.J) . Int U O O O oula. ·u, the nlf'IY 
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ltiltricea t Rf I .. T v&lu • ·•• or th o nt:taur-
2 2 11. 

ti.~na 5d 6 s · 5 .,,,s 

4 en :I.don t1fi.e4, calou ted 

d tbc, p atiaa. 

the lo at 

• ·h ooru'iau t1 u , s2, 

Sd'6s 4o. 'Jd.4 t 1 0 

~ii)2.• A{[~ • . 6sJ • A ,a st.t) 

(wh r• A deno a th• be1.gbt ot the oontigu t1ona • . et d. · 1 oah(t..?) 

tor a II, (whloh qual• 0.9}) was •t • . 1 to th 

(.54~) • B (,al6s) 
i'\Y.(" J,'~) _u . ,,,.2,s2) 
•• • 

fo• Ht I to o:alou.la • Bu(~• 

!be ~• aatric,ta • •• dia,o i a 4 by 

•nti,-i-· uona 

U.o 

by th Mtbod ot lea.at• u _ci..,) (A.pp Jllix 2). Th• 1w. · YOt\ .,..,.,.. ,._ ... t.~• 

we e u ·ed. for 

&ult• 

,._a'8a to 

iapro'V the in raction nm wra u pre~ted. f r.oot-•«D-• . •ft 

onor (na). d ti · •• 



·t : 

I 
I' 

' 
I 

I 
, I· 

., 

i 
••t• 

I 

I 

I 

1· 
I 

I 
L. 

1· 
I 

. ! .. 

-··i 

i 
I •· 
I 

I 

I 
. +· 

I 

I 

I 

l 
I 

I 

FJ g. L 1. · 

:·{ ;M, 1'.: iff{GY. 1 . .J:.,".r_;r •' 
.... J •• ~, 1 . ' · :D L;,~ '·.1J· L. ··-'.5' 

!- l.~l\L• COE PF '.C l 1,;f'Jiii 
'.1':ATW ci;:s l 

FORM Et1~RGY 
MATHIX FOFI A -.l 

DI AGONALI~E 'l1l·UE 
ENEF GY I MA'THI X 

. ALCULATE , ~~ 

PAHJ\Mc71.'EHS 
COi,l/E.RG • : 

CALCULATE 
g-VALUES 

PRihT DI AGONAL MAl'Rl X 
ELF!V':F.J\11'.PS 

g-VALUF.S:, A ND PA H/\MFJ.t1EllS 

EJ 

pTJJ;: 1 D ~A(r.Hl\M O:' THE CO: ' PTJrER . 'flC'G!il\ iv FOli 

,AL:ULNr NG THE EN:~R;Y LLVEL$ , 'l?llE .r-Vf\LUI;: : 

AND '~HE A'l'OMIC lITTJ:::RAC'l '. Wt; PAHA •·;•11!-!J·(· . 
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TERM 

3F 
2 

3F 
3 

3F 
4 

3 ' 
PU 

3P 
1 

3p 
2 

1D 
2 

1 G 
4 

1 s 
0 

6 2 

.,. 
sl- 2 o, l 

CAL · 

- 1 
0 

- 1 - 1 

I II m V 'fl 

o.o 0 5 50 199 •199 u.695 0.31 

1 · 9 2053 1 9 2 Tt 1 • ' 1 • 

56'1 71 3&A 3 9 hlO , 1 .,a 
1 • 4916 9 149 0 u.oou (hOU 

. ?9. rt ,70 ' 1.500 1 • 

: .75 ' 6610 1.300 . u.,. 
.15 t Tl 10$04 1utaai• 1111 1 ., u. 

1 ,a. '11 11294 1131 9 '059CJ 1 • u.9' 
272"41 ,-n 17583• 3• o. 

v( err &53 

i( )/ 12 7: 
,4 ( >l•t 14 93 7 

( ' 9 . 1 

er a , 6118 1()9 

9 ' .· -~ ·• u ... 
• h ltrftl• ..... "'"" till uWJ.1111 WtN 00\ l...C in ._ 

MR ~• n, ot the 11ttetao on oaNN .a · -. 
.aleut.tllim of · · . ,ca rm1N1 • 



nh r Ai is th diff' r nee b~twaon th observ d d tho o loulo.t•d 

u • o th nargy lev la 

is t a 1.un'b r of equ ti n ... u::.ed in the lea t equ n.11 fit 

m i · th f par 

63 

ia 2386 ,mt
1 

i •• 9% of th eon 1 uration i dth . The l arg st orrot' re 

in U " l ue of tho l vela 3P 2 d 
1 n2 nd the energy vnlues of these two 

l -v la rob bly ed to btJ interchqed. Ho iever; e. tar .oro serious 

1•ror a.pp ara t b in tba v u at the Coulomb int orao ion parameter, 

1
2 

and Fl+,. IJ.'he "-,k • i'¥P " par et r• o.re docs-. •ins tuaction.a of' k nd 

!:t; 1 r ther t r ge that in th ~ sent caloula ti n that• two paruewr• 

eh uld. be aqu&l , ·· h ault 1ven in oolWSill II wen oalculat 4 wi\b tbe 

en•ra v l u 8 of the 1 vel .Jpz and 1n
2 

interchanged. The rms . error 

1·&4.lletrd o S% o com'iiur tion idth• but. Judging trom. the 11 u . • ot 

1/ and ,'+ thi e lcul Uon .,_ ti.rs ts> be quitv ~J"fi,)tig. Tb ro1ul t • ot 

coli.wn 1II er• o l ula. t d .sa .......... -e th aerc, l v· • 3 
2 d 1n2 to be 

wucno~ni tb~se l vels we r delot d roa th ot .&t ll&Nt. ,al.o\il tion b1 

aaaiping w :l.t)lt t:>t ••ro to ch. Tho r .error in this c . ,oulatj.<m 

4eona d to 2. 3% of t h c;onfi&\iration width .nd 12 ia aliihtly lnr1 l' 

tbaa i•. Thtt f'tcn-cnoea 'botw n the ob ·•ned and the c . cul& vd. vaJ.1,1•• 

of the tinergy l vela •iven in oolua III, olln a re,l.~tion o th· fora 

(Fig. J.,. 2.) 

D. • 210 LL(L + 1)J., 12., C (L 1)J 2 

whero 

6 E ia th d1f erenoe botw en th ob en d an the o cul . t cl Al.\1111 

of tho •n•r11 l evels 

I, it th orbit · o ntwa qwmtwa nuaber ot the lt1Veltt. 

The l'ltl .~r,or \>• tween the ob••"aJ. and. ttw oorno'Hcl 't&l uea ot th♦ 

•n•l'C.Y l vela was surpriei.n1J.y low (O.~ ot tbct cont1&u.retioa,. wt4tb}. 
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tb.r ... bo 

t X 

q bta 

tU@h r ,.> ro 

b'tio ly V 

l 'tel to 

) ,, 1 4lld 1 
a• 2 

ot b 

tul t 

c nt :I.on :; 

i n tb1 

e o 

uo ·r cti 
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to C , " 1 ).] for ·the 

t 

~ r a. 

u • • J1 ·, w ., V! 

't.ot· Ot, t4.:. 

p eon t· • rt »ti ... 

u..;115t.JU'4.1.+1'1£w.wu Of , U • 1:11 a ti-1• 'a O \b 

t • .PO•iti l• 

e cul t ona w n rup · till int r · ctioa p u•t 11• au4 pl\fatoall;Y 

ta. ard.Dif'11 &l.u 6 i••• 'I :nHt,t.tU: tb,aa f/f) and, th ftd. uS"niS' Wat 14~t•4• 

i 



rAil£ 4.1. 
IBOLS a, 1B ~TmB .5d36a, OIP Bf' I 

_, _______ ,_. _______ . --· .. · , ------· ---.-......--~,.......,w •' 41!'•----•·....,._ _ __,_.._... ____ .. ,.. ___ _,__.. ___ __,_,___~ 
'mml J QasmtYEI) CAU!UIATJm 

_umu, a,-value LEUL (mS-QL c-Yalue LEVI«. OBS-CAL g-value ~, em•1 ent1 
I II Ill IV ,, VI -- . I 

Jt .... -----· .•• ·-
..........,....._._._. .......... _ . 1 - --...----- -----.. _ _..,..._....,.......,.. _ ___ 

. ~t.,w., 5 179(Jf .26 1 .iw 170.3! 869 1.30 17052 8'18 1 .37 

4 f67(,6·.6Q 1·.36 15871 859 1·.35 t 61tB 658 1 .35 

3 15673.33 1·.25 155()4 169 1 .21t 15855 -182 1 .24 

2 -147llo.6S t ·.oo 15368 -627 1·.00 1574o -999 1 .00 

1 1~.28 u-.oo 19241, -11 ~ o.oo 15647 -1 555 o.ou 
5ffc4:r)6s31\ 4 23252.81 23515 -2& 1·.16 23175 78 1·.24 

3 eaa&,,.24 23684 ~ 0 .11 22969 -90 1·.05 

sf ('+p)Wp 
2- 23327."11 0.90 22772 ◄3' o-.66 22651 676 o.66 

3 22199.US 2133? 861 0.17 2~6 1773 0 .1 7 

2 2ogus-Jll 1 .74 21~ -572 ,.~ 20558 350 1 .82 

1 2f.t'/'M.87 21254 -470 2.46 20376 409 2.49 
5' (4P y,; 'It 2 29003 1- .37 27575 1 .(,J'( 

t 28535 o.46 2748o 0.24 

0 29135 1 .OU 27052 o.81 

~ra>r,Ja 6 25400 1 .17 27513 1 .o6 

5 25321 0.96 27541 u.¢ 
27U7'l .so,- 25740 g.38 27772 -6rfr o-. 

0\ 
O'-. 



ftlitB 4.,.(oont.) 

~--,_,.._.......,_._...,.........,__._._~=-------------..... -------~ .. -----. .... .__-.. .. ----·-----------,--------~------
I II llI IY 'f n -~·-·-----~._ _ _....._..,_,_~,----~---.-.... .. ~ ---......_---.-.-.-...... -.. _ ... __ ..____, ..... __,_,..,.....,__...,._......, ____ -__ ., _____ ~--

543f•)6a1• 5 29(.26 0.99 30906 1 .oo 
543f a)6a31 5 24d35.1 4• 2369() 1.03 26<.61 -1 996 1 .11 

4 22616 o.,56 254<>3 0 .61 

3 25678.6()• 22746 o.oB 25810 -131 0 .72 

543 (2i)6at G 4 27211 o.87 29438 0 .95 

543<2:r)6a3P2 4 . 30945 1 .24 31889 1 .24 

3 31 054.64• 31033 1.07 31 956 -901 1 .07 

2 3U146. iw- 3to69 o.66 31'R5 -1 &29 o.63 
543(2.)681 P 3 34716 0 .99 35397 1 .oo 
543<21>)6a\ 3 38459 0 .1 9 41909 0 .26 

2 387o4 o.66 42o63 0.9' 
1 3SR&i.1 9- ~ . 0 .27 le<.29 -2743 0.38 

543(2»),a'i; 2 41298·.36• 42466 0.56 45568 -zero 0 .78 

543(2n)6e~ 3 26159 (>-19 28812 0.27 

2 26110 0 .35 2Bm o.82 

1 25819 0 .1 9 28622 0.36 

C'\ 
---J 



TAilL8 4 .1.(cont.) 
___,_.____, ...................... _..__,__~------~~------ --_ ___, _____ .., .. ____ ~--------------•-·,.-r.. ___ ...,_._ 

I II Ill ff V YI ...................... ..__... .......................... , ........ ,., .... ___. .. _..._...__,..,_..., ...... -----. ... -.-~--------------..-----.-.-----~..._ _ ____, .. 
543 f » )6,a 1 »2 2 29670 o.48 32150 0.73 
543(2p)6a3P2 2 25U71 0-.95 27218 0.93 

1 25104 1 ·.1 8 27203 0.1 8 

0 25112 1 .oo 27267 o.81 
543fP)&s1P t 29404 0.29 3()986 0.95 

B y(5d36s) 25i/9 27144 

lcdd)/"-t 65 70 
P

4(ckt)/"1 4o 66 

<f(da)/10 933 868 

~ 2"2 18o 
a- ~ 1107 

1~ 2~ 

• ·n. ltmt1s marked Id.ta an asterisk were aaSiON4 .d.v.r:t.Qc the present fU'OJeot. 

O'\ 
CJ) 
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i.e. , ; of th , ei.:.icd'i 1.tr ti.)n id.th. The Lanti.e r uea c>'btu.ined durin, 

tbi C CU t · en 1.r~ colum IV. 'fh o eible new lev l toun4 

in the l u ' t ~ c i on f l i n t .c en r rent• covered by the l yela ot th 

eonti r ti.on Sd36111 ut h "' not buen o. s i bl to cl . s it, tbi level. 

'he :-eault o i a o 

oon ti r ti ~ 1+ r., · i v in " "ble lt- • l• 

p rueto r ..:.•• & b t n d rota rola.tio IH S• i en pr •io ly i n this 

oh ptor. Th 1n raction r r a 12 • tt' ood t or t.b• c J..t°iguration 

sa.36s w. • u ed. to calculu t thtt n ra matrto••• It w11a Aot 1>oaaibl• to 

clasoity th• kno II ev n l Yd• ot Hf I the enara,y letel• ot th• 

eonfi ur ti jdl+- in o r to .:..•t min, th ex ct lue of tbe t.nteractt.on 

r s o ' tbi cor.u'i 



J c~ ·· 
1 . • . -C rt • -Val.Utt .. , 

s;······------·-------;;;··-·-·--"""";:~---

3 

3 

I 

3 ,. 

e •· 1 , . • 
o u · 
~ lkXIT$ , .15 
s ~. 

u.1 , .,, 
'-1'5(). !u . 

4 

3 
I 

u 
0 

"349 
"936u 
"157 
,u,r, 

• ':f(.1') ' :393'3 

l<•>'"' 
tt(M)/411 4u 
~ 21Q 

o.6' 
u.1 . 

·1 
u. 
o • . ,,. 
u. ·. , .• 
1 .1 3 
u.5\1 
u.1 · u.,, 
u .• , 
u.15 .-
o .• ut -,.,; 
(h • 

u.at 
u~,r 
'V•'6 u.,, 
o ... 
u.·. 
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TBS !Jfl'li•UJ) SPSCTl.111 01 BAitfIUJI I 

Key to Colu1111 Headiqa 

ir wavelen "th 

vao um avawmb r 

r lative intentdty 

c, z 0.10 •1 
o ID, .t. 0 , 

;t o.;o cat1 

71 

, w ven b r r,oition ncert in b cau•• ot 

6. quuli \y or line: 

13 broad 

AS a.-1: otrlo 

ASL aaymmetric wi su p oteo utir& lvod line o.n l(!Ulg 

wavs0le1',£tlt elcl• 

Ml . aaymcnctri~ with swspeet d unn,oa.-ve4 li t:m &hwt 

wa•ele~tll :ii.de 

9, od ener l e el ot 1,c,a ibl.e t i-~n11t1on 

10.. J u.artb nuJtber !!I odd lev l 



mB DIDl-llfm SPEC1RUM f1' JIAPHl.lDI I 

.... ____ _,_.....,,_,_______ -- - . ......... -~------.---------.-.--................ ., ..... - ........ ........,__.... ___________ _.___... ........... __ ____ 
PBISlillft' ulilSERtaIOIIS 

SIGMA I.AIIDl amM Ift Aa: QLT 
(AIB) (AD-) (TAC) 

-1 j - 1 r: ,.,:-11 
em .~111 

(1) (2} (3) (4) (5) (6) 

9978.91 1<Jt21 .1 3 9116.18 6o C 
9916.14 1ue3.31 9974~.0, 3 a 
9963& 1003'.•51 9960 . .89 90 " 9':tl,1 .66 1W'l2 .87 9';a4-94 20 li 
9917.85 t oc& .83 991 5 .1 3 3 e 
9915 .75 1oo84 .• 97 9C)i3.03 3 C 
9912.23, 1ou66 .• 55 99C>9•51 23 C 
9'P'1'·$6 t .0($J1'/ 99(1.5.26 3 C 
9903.s,; 10096.98 99(11 .2-' 3 .B 
·cj3(J(.2t 10103.&S ~ .50 4 C 

9895.51 1ut05.51! ~,i!.B; 4 e 
.OS 1u,n2.19 ~ -34 4 A 

S879.'f8 10121.ca ~ .t.11 3 B 
9066.43 1Ul35.-33 ~3-78 3 I) 

9849.67 l Ol,:i.& ~ -en 2-0 D 
9633.94 10168,.86 9631 .25 n o e 
9810.11 HA .88 ·9&£.t,8 1:() A B ~-
9196.41 1alfl/J2 9193-.73 7 A 
9'1~-'8 i mtS.19 fJ'{J;!.8o 3 C 
9193.16 1'20 .21 '190.118 50 B 

mAIISlfiOllS 
IBVBL J LEVEL J 
1mli om 
cm 

-t -1 
om 

(7) (8 ) (,9) (10) 

4561.64 4 1 41 ut .s8 3 
15573.33 3 25634.21 2 

2~.1 4 5 33994 .71 4 

26715.37 3 36609.85 3 

23?52.81 4 33139.12 3 

25o84 .1 4 2 34947 .95 2 

233a7 .71 2 .33121 .48 2 

SIGMA 
(CAL) 

om -1 

(11) 

9930 .c,4 
996(, 

9909.57 

~~-148 

9S86.31 

~3.81 

9193.T{ 

D'. 
OBS-CAL 

c--1 

(12) 

-0. 03 
(;).01 

-o .o6 

o.U? 

0 . 03 

-0.03 

-o.o4 

-.J 
N 



~--•••wr••••••--•ar•••·••·••-------.~.,....~-•••• • •~-..~-=•••••••••----.... ......... .....__,..,..., ____ ,...._, ____ .., ____ _.,._ .. 

(1) . . (2) (3) (4) (5) (6 ) (7) (8 ) . " ~ . 
(9) (10) {11) (12) 

~ ............... -~-~.-•·· ~-- --■ ............. ~~--- .. - ----.... -- ........ ~~-- . 4!'~------~--------·-------.►.---------........_,..., .. 

'1lT{JJ8 1U?.21 .17 <]115.20 20 Ji 25678 .oo, 3 35453 .83 3 CJ775.23 -t~3 
97(e. .r_;r U.243.20 '1159.90 6o A 

9746.99 tt:259.58 97"-32 3U :a 22199.uB 3 31943.31 4 9744.23 u.09 
9683.35 1(8!7 96&>.7u 3 
9668.74 t UJl'e.61 9666-09 3 C 25281.81 3 34~7.95 2 9666.14 -0.05 

9641.94 t u371.36 9639.30 30 .a ASL 

9633.23 1038(.).73 963>.59 57U • 
9(26.34 10388.16 ·98!3.70 10 I) 28527.gr 1 381'51 .71 1 9&3 .74 -o.o4 
9617:,a 1t>39f·.41 9615.1; 230 a 1 ;901 .28 5, 27516 .41 4 9615 .1 3 o.<2 
9613-36 1olte .t9 9610 .73 10 C 

9f,09.o6 1U406.85 96(J6.43 76o C 

96(2·.43 1°'14.()5 9599:rs t · C 

95CJ'l.SS 1°'19.00 ·9595.22 4 D 25281 J31 3 3'R!TT .U4 3 9595.23 -0 .01 

9593.52 ,,,,.3.yu 9598.89 230 C ~-55 1 16163.36 2 9590.81 0.(,1 

9573'.SO 1°"5.1 7 9571' •• 18 ~ g 

9557-.35 1(Jl;63.J5 9554.73 ~ A ASL 

9554.11 1o465.,0 ~-49 1 

9541 -.&5 I (jl;S(J,.15 9539.24 200 A 16766.6u 4 26305.78 3 9539.18 o.o6 
9537.98 t0484.llo ·9535.31 2 B 27fff 4 .50 4 3€609.85 3 9535.35 O.U2 

9526-?8 1,0496.73 9.;324.1T 1 A 2528L8t 3 34&5.89 4 9524.oS u.09 -.J 
\.>J 
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675o~ 111813.06 .671;8.96 20 C 20784·.87 1 27533.75 1 67~.88 o. 
6749'.,, 11181 5-.89 6747~1 3 I) 

67146.1.5 11'823-87 67-"··~ 20 a 
67'26.!7 114866.85 672~-~l 1 C 

6722.9.6 11l87'4~ 8721·.1_2 3 D 

6718 .1«) 1~~·-s.o 6716.56 1 E B 

6715.38 11l89f .1,9 6713.55 2 A. 

671t .37 14900~ 6'7-09•5.4 8 C 

6110-'J.5 14903-ta f;ft.J3..22. 4 A 

,1ur-.1:3 149(8·.t.'1 67'05·.9.0 3 .. 
fl{t'-4·.,ffJ 1'49l t·.55 6103-J~3 3 p 

6683.83 1•951 ."8 6f&·.oo 1~ B 1 rJTf.6 .• oo 4 23448 .1)1 3 6Q2 .(JI -0.ul .. . ' 

·,al) 1493,~ 6569.~ 20 B 1'o6'16 .& 1 33949.28 3 6669.34 
66'9~ 11;994.1.1 ,6667.~ 1 A 397fll~ 2 33121 ·.~ 2 6667·.4t 0 .03 

1ti9~.l5 &'"~-58 I B 

6$63:.~ t 500T.26 6661 ·& 6 A. ~ -36 3 ~~7.83 4 666t . 53 0.09 

666? .ta 1 5tJt0.1 0 656o.36 2 » :a 0) 

' ~ 



-
(1 ) (2) (3) (4) (5) (6) (7) (8 ) (9) (t o) (11 ) (12 ) -- ·--- - - -----■ • ~-- ---~-

_______ ...,.... 
. ~---------~~ . -

6659.44 15(Jl6.a8 6f!67.62 2 e a 
6655·.4? 15U!5.2l 6653.65 7 » 
6650.23 1.5<81.ur ·66118 .41 10 B 

~ -.45 t sc,j6·.95 6639.64 3 • 
6637-.w 15061'·.QS 6635.1 9 1 a a 
66?8'•56 15'J86-23 68!.i .75 1 C B 

6582-.72 15191 .29 658U .• ~ 1 a 36523.84 3 43104.71 3 65Bo8f 0 .05 

65'4·.03 1, 53Q11,."9 653! .25 1 il 1+8356.90 4 418?4'.58 3 6532 -~ -o .a'{ 
6'?8.(if t 5317'.u6 :6526:.89 8 B 

6514-.37 1.535().68 6;12·.59 4 

6510.05 15360.87 65C.S.2:f 2 C AS 

Q95.t1 15396.o6 61193.JJQ 2 • 
Q&t.85 . 15'J3U.o'T '479.aB 3 J) 

6(115'.3' 1'5'43-al 6473-~ 7 B 

9113•.99 15"6A2 ~ -22 1 C 

"'5.16 15'161-51' fill63.39 2 C 3(l1~.4o 2 366()9.85 3 6463.45 -o.o6 
6458.68 15'183.- 6156-!2 2 e 
6"8-.95 1.~ ·-~ 6"7.1 9 20 C 

6431 24 1~ .to 6'29.48 8 D AS 

@a21.2'& ·15558.85 SQeS .~ 20 1) 31619.97 2 2519'l- .47 t 0;?5 .50 -0.05 CJ 
\J1 



~-- -- ,_.,. ...,.-.,..,..,,.. . • -- ~ •• riilitl ' L:i:llll ..,; - ~ ••+ •+a· • ii 

(1-) (a) (3) 

61126.gB t5559k "25.22 
5·.12 1559?·.46 9&23-.96 

61123".n 155€8-.78 6-tiat-.36 
·6'1.11..86 15605·..83 0.lo6-.1-,, 

0W3'.67 15616·.()5 61iot ·--se 
·• 'r,l. 15820-.SU 639941 

63Sfh~ 15&&.6' 6395". 
6396.76 15632-9' 639$·.(4 

&JS&.o? 15654'.t& . 6386.33 
63.iS.15 15103-.15 6366.-41 

63'56.~ 157f.11-35 636'•1•· 
6365·.95 151~-~ 6361:.21 
63'1 .. t5 1577(}.tll 6339.12 
633U,.i6 1519S'A2' 6329.n 
6~9.145 15199.16 6321·.12 
6312-51 15841'-56 63to.79 
&,a.Jl t58g;1..87 ' , ' 

&go.It 
6289 .. tt 15900:~3 ie87·Ae 
&as-a 1.59tc,.34 &83.50 

6264.2% l~3.63' 62:& 53 ... ,· 

(4) (5) ,(6) 

2G D 
- B 

2 C 

1 D 

1 C 

1 C 

6 I) 

1 D B 

2 A 

30 D M 

9 B 

1 B 

2 » AS 
2 ,C' 

1 C AS 

2 C 

2 8 B 

1 e » 
3 A 

1 e 

(T) (8) (9) (10) 

23327.71 2 2~.84 2 

41256 .36 2 3'1877 .04 3 

26715-.37 3 33121 -• .118 2 

25878.60 3 31943.31 4 

(11) 

&e5.t3 

61121 .32 
64o6·.11 

8?64.'11 

(12) 

0.09 

o.o4 
{).00 

0.03 

0) 
Cl'\ 



- ------- ............................ ~-----------·· ~~~~,.,.... 
(1) (al (3) (4) (5) (6) ('1} (-S) (9) (1.u): {11 ), (t2} 

1 li•wa· ■ ·!; ■ ••••,__.,· · ••!,-.,W• -~-• - -~--
&&.16 159€8.93 &.60.'5 1 C 

&Gu·.12 t59'7Jt.-.t1 &58·,M 2 a 25()94 .tlt 2 31342.51 3 8258.37 o.o4 
624:t.Q9 16of1·.n &IM·.38 - C 

f~3&.o"I' 1·6o3(;)'.6o (43'0.37 3 ll 

&35·J36 16036'.28. &34,.;1 6 1 D 

&24-m 16(,66·.Q; 8122'..37 1 C 

&21 ·.68 1(>U12·.83 &19.98 1 C 

&16·.9() 1~·.gj &15·.29 1 A 

626'·.tu 16118·,!Jt &te·.41 2 B 34991.54 1 41193.97 1 &te.43 '"().(2 

03:.~ 16121·.w 8!01 ·.39 3 A 34991 -.54 1 2879UJ?5 1 &Q'l ·.29 0 .1 0 

6195.12 16140.17 61 .94.-03 8 C 

61,0.1'8 16153.84 Qa&.,79 3 e 
6159.15 1&36'.ot 6'5"'t.41 1 a 
6143.:'6 1&'16.15 &142-..28 5 & 

.. 

6136.51 1&96.St 613tf·.83 220 ~ ASIJ 16766.60 Ji 22901.34 5 6134-74 o.u9 
16.Jt 1'35(>.26 ,;, . ' Qlll,-44 1 e D 2"f(ff4.5(1 4 2096o.U9 4 6114·.41 0.03 

611!.27 1'357'.~ '1H·.6o 1 » 
fd9,le 161121 .39 tU7·-96 1 e 
&&,,,B 16"6.31 6rfl'8·.11 10 C 35n 5 .2.8 2 41193 .91 1 60'78.69 o.oo 
~a 162159.23 Qm'.96 1 e CD 

-J 



- WWW.I .• I , - ·- • ·• ... ( ' I 11 ••-- ■ 1T ,_ __ Ml .. , - .•• ___. ....... .., • . ■ - .......................................... ..,.,.......,_ __ _....._ .. _,_ _ __ 

(l) (2 ) (3) 
-. -

60$9.gf 16474 "'55 5068 .. 31 
&Q-.94 19m-.. 34- li067·.28 
6<>€2-.,a 16494'.79 6o5o'.86 
~ -5' 16500'..t& 6QI;&. 

6at2·.32 t 663t.51 60t.o.68 
0 .15 16536-.86 6Uu9~tl 

sm-.54 t 68'19.<6 599:;-.90 
59)0-85 1~ ·.1:2 593,..21 
59'!9·.u9 16fi1Tf.03 ·5g87·."5 
5986.tl 167()\.,50 sge,.-.78 

59Su,.to 16722 .f3 99"18.1J7 
sm·.&J ' 16128·.87 5976·.00 
5969.85 t675tt.$ 5968·.:!2 
5961",.56 I fn'Sl·,,!J:l 596,,--93 
5-':,3).69 1~ .9? ~Jl'I 
5919$£ 1~$£.25 59t8.25 
~ --.aa 16935'.3! 5903Al 
59'6·A 1~.31 ,.~.,., 
~6.96 11tl5'@. 5875 '-. :.35 

5S12'.59 1fU?i:46 $81~-99 

(4) (5) (6) (7 )- (8 ) (9) (1 0 ) (11) (12) 
-". - ~ ,--- ~ - ............. _..~---·- - ... • ·!i • ----~-----............... ---------~-.......... .... 

3 A 

t » 
6 a 
3 A. 

3 • AS 

2 J). 

1 A AB 

1 A :a 
3 & 

1 

4 6 AS 

2 & 

3 Jil 

10 a 
1 I 
2 C 
1 a 
I » 
1 a 

AS 

a a a 

~6Tu.81 4 3(,6o9 .85 3 6o6{) .96 -o.U.> 

39188 .89· 2 45799.48 1 6010.59 0 .09 
46966.61 3 "°9';1·.54 3 6009-.(f{ o.04 
23?52·.81 4 ~ '6.65 4 5993.84 o.o6 

25281 .81 3 t 5J?9i!' .69 3 5$89.12 0 .09 

3'92S9.38 2 41e57 .S4 1 5~.16 u.o6 
31f991 · .54 1 ~ -.54 2 5955.00 -o.(J'f 

!f4TI7·. i-:'J ~- ~ .44 ~ .... ,..,, 593? .o6 O. L'1 

li686o.;12 2 ~ -54 3 5903.18 O.U3 

OJ 
CD 



(t) (a) (3) ·(4) (5) (6J (7) (8) (9) (1U) (11) (12) 
- - - - - - -- -·---·· ■ I ._, 

,......_,__.. _____________ 

5854.64 17~·-47 5953.oii JI D B 
5846 .• ,6 11105 . .25 56".•56 2 • in25S.36 2 35163.83 3 5844.53 0 .03 

5843.93 11t11 ·:n 5Be.33 5 B 3511 s·.28 2 4o957-.54 3 SSJ&2.26 o.f,f'/ 
~1 -.a9 1'7119•51 5839.70 3 ji, AS 39786·.89 2 33949.28 3 5839.61 u.09 
5831 ·.&? 171\7·.3' 5830.23 2 B 

5826.86 17161·.90 58?5"./l:f t C 

s&?s·.ao t7t66,.T9 5823-.61 1 J) AS 

58t9.95 11182'.28 5818·.36 2 C :a 
·5816·.SQ 1n:91 ·.ss 581.5·.21 2 C B 

57<1f.18 112.1&9.T7 57~.tio 1 A 

5T19.93 113UI .25 ma.35 1 :B 36523.84 3 "23{2 .12 5178.28 O.(ff 

5766.su 17341·.5' 510t.93 3 :a 
5761 ·Jrf 11356-'8 5759•90 10 A. 

5143.19 17~1-.93 51•·.& 2 A 

rsrsr·J!tt 17'28·.u, 5136.30 3 e 
57t9.74 171'8:t.31 5118°.18 1 1) AS 31054.64 3 36m-85 2 571 8.21 -0.03 

5714·.t2 175tl1.5l 5'112-.:56 2 lJ 3499! ·.5' 1 40104·.12 t 5712-.53 -u-.te 
51"6.03- t 7,5aS.39 5103-47 TU & 2200o.a4 3 28583'.69 3 570,3-.45 o .<e 
51W.61 17541 ·.98 5899-.0S 10 A 1~·.28 1 19791 ·.3U 2 5699.'2 Ch 03 

5695.13 11551411 5594·.11 2 B 
co 
\!) 



~-- ... -·------ ·--·- . ___ ., ___ . ------· ---·--------...... -- .. ________ ......._ ........ _______ _... ........ ,_ ....... ~--.. ,.,..-
(1) {a) (3) ( 4) (5.) (o) (7) (8) (9) (to) (11) (12) 

--------- -·--· 
~ - _______ ,, --· 

~ -30 175!2-32 58:2 .15 2 ' C. "1298.36 2 46961 .20 2 5682.84 -0.09 
S(i3(t."lt 176f.a.43 5679.Hi 2 C 20784~.87 1 261163-.93 1 5679'-u6 0 .1 0 

.. 
5(87'.SO 1764).53 5666'.25 3 B 39788.89 2 ~ -.15 3 5666.26 -0.01 

5658'.06 17BT3.90 5656:.52 1 • AS 40513.55 2 "6170.12 2 5656·.r;r -0.05 

565;·.2'+ 1T6D!-~12 5653:;u 1 a 31119.2.U 2 36712·.85 2 5653.65 0 .05 

5653.78 11tar-.S ' 5652·.24 ·9 A 35115·.28 2 l+o767·.44 3 5652·.1 6 o.OS 
' 563S-os 11136.63 5636-.51 1 A 4o5t3.55 2 3'18Tl.o4 3 5636.51 u-.oo 

r · =1· 2 .-
5631·.Br 1Tl'56.09 56]0·.33 1 C' (°' ,,..: ;::;: A , .. . . ~- V' ::-; ·: z, i:; 
5530.31 117'1· 56!8·.T/ 1 •_,-., -'i ~-r·, ,; z: '---, 
58!9.31 1716' .11 5(2l·. 11 1 e . . ~ 

- ,;:: 
-,:,,, 

z , , 
s&Sm 1ff(E.u8 5&6.53 1 C ~ 

_, 
s&~·.lk.) 177798[ 58!2-.86 1 C 

5&0-.81 11191·-'6 56t9".t8 1 • " . 
~ 

5611·.a, 1~·.,o 56f'9.oT 1 A 
,< 

. . 

0 
·56Ul·.38 t7852'.T4 ,m.as 2 B AS . 
~.u? 178ri.23 ~-~ 2 B 
559o..37 t 1887~•90 5518 . .81l 2 D 3511'5.28 2 4<J7u'h12 1 5588.84 o.oo 
·5585.ot 11905.Rr 5583.!''9 2 a 
5515..~ 17935 . .SO ·5513•92 3 A ,, 

' 5559.43 11~-A(; 5551'·91 130 il 8963.15 2 14541 .68 3 55'S7-93 -o.U? \.0 
0 



- l I " ■· --

(1) ~) (;;). (J:,) (S) (6) (7) (8) (!,) (10) (11) (12) -
5556.33 11m.-, 5554.81 1 E AS 

5553.41 ,. &Jo6:.95 ·5551 ·.89 w 
5541 ·.& tM!;·.26 5539.63 
5541-.,-- 18o46·.83 5539.63 w AS 46961 .96 2 411122 .43 3 5539.53 0 .10 

5533'.25 1&112·.56 5531-.74 • 
5499.Jf( 1'818:t.s;t 5491~.r;r 
~ -37 t £233.63 ~.81 w 
5479.w 1&?;1 -.51 ~Tr.so 
5464·.te t6•··5'1- 54&-.53 w 233?7 • 1t 2 28791).25 1 5'J& .54 -0 .01 

5455.15 183!5·.93 5'155·.2"0 w 22199.(S 3 27~.32 3 ~5.24 -o-.t.e 

5453.50 18336.85 ~.01 w 
~J38 18~.93 S1&51 ·.39 w 89S3.75 2 ' "35-1 3 2 5451 .38 o. 
54!f ·.88 l8"~.79 5'12o.40 w 31054'.64 3 25634.21 2 51120.43 -0.03 

54t3'.89 1847l·M S'R-2·-'t w 
5'1oo'.59 t8516·.50 5399~1-2 w 
-~.83 185!2·.53 s-m·.36 w ~09d> .lfe 2 26305-18 3 5391.36 o.oo 
~ --'U t85S/· .. 10 5387·.13 lf 22-s&;.24 3 28eo'r-39 2 5387.15 -o.m 
5~-09 t861•..s- 5311.22 
5358-.31 1&6at.6cJ 5356'.85 

\.0 

5351·.'5 18686.3? ~ -9CJ lit f--' 



-- •-• . -- ... ·····• -- -- ---·--·· 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (1 0) (ll) (12) 

~~-~ - ~-~-----~~~-
5341 5'! .. '. l8121:~l9 ·5340~ w 
S33l..,3t 18753-.&> 5330~ w 23?53.8t 4 28583.69 3 5330..88 -0 .03 

5313.88 ta&Kt.93 5317.43, w 2.219,J.oS 3 27516·. 41 4 5317.33 tl.1 0 

53'8.U ta8ol.~7 531~.66 w 233:7·.n 2 ,sun .os 2 5316-.66 o-.oo 
53<2·.,6 1886u'S '· . . . ' 5300.11- w 36523.84 3 4tft!JJ·.sa 3 5300.74 -0.03 

:291'-118 18876.go sa96'-UJ w 
~96-11 t8879~43 ,a9;·~3! 
seas.as 1&909.1, ~M w t 5673.33 3 2:_"966-09 4 52&,:76 o.us 
5281·43 18935.:10 5!.79.59 w AS 

5266'.85 18~.Q} !:265·.4' w a 

~-59 1.899\.83 ~.t5 w 
9257.Je 19C;ett!'7- 3l$~ w 23J'n.n a 28583-69 3 5255.98 o.oo 
5255~~11 19U!6-.fl ~~ w 
5!31-~ 19U9'~5S 523'~94 w AS 
. . 
5229~ 19121 ·.63 5!28~.25 

!229~6 19123~ni 5m".83 
5!2&,.53 19125.83 !e2f .• to, w -'l5994 .6o 3 I.KfT(ff ·" 3 5227.16 -o.o6 
521.9.~ 19'5t~To 5!)8·~t-

5?1tJ.2!1 1·,a59.n 5!17.8$ tf \..0 

' 
I\.) 

5215.35 19174·.17 5213.93 w 



•• ■ --- . - __,__ -··· ----- - . -- ____...............,_, .. __ .............,. ___ ~ _____ ..,...._ .... 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

--~ ..... -- --~-·ii., •• ·-· - •- --· ■• • ;•·· .. .. -- --- ·-···~---
5174.47 19325-65 5173.06 " 
51&·.88 1935t.03 5161 ·.47 30 a 2~5.14 5 29?46.65 4 5161 .51 -o.04 
5160.89 19376·.50 5159.~ 1 C 

5150-" 19415-~ 5149.03 2 A Jil 

511(f·.72 19426 5146·.32 1 B 

5145·.& 19'34 5144.22 2 .B 

5144'-.20 19'39.37 51~.Bo 1 e 

5t'"1.6o 19452'.96 51_39.au 2 8 

51.39.38 19451· .• &, 5137·.98 1 C 30146.4() 2 35384.33 t 51y.93 0 .05 

5120.41 195!9·•'9 5119.o1 1 A 

5119.91 19531 .59 sne.51 1 A 35115.28 2 29996.81 3 511s.1n -o.o4 
5113-.28 19556-.9? 5111 -.88 5 A 

5055·.99 , ma~.sa 5()54·.61 3 A 25678 ..Eio 3 3UT33.22 4 5054.& -o.UI 

su_,a·.-05 t ,9793-.95 5(8t.{fl 20 A 147'"1.68 2 19791 ·.30 2 5050.ee 0 .05 

5'138.28 198'l8.04 503&.90 l A 

5t135.50 1:9859.tJO 5014-.13 6 A 26918 .1 4 1 319.:2.25 1 5034.11 o.~ 
5(29.29 1~3.52 5021-.se 6 Ji 2.3!5it.81 4 18224:.99 4 5017-.82 o.t o 
5Ul3.28 199'7·.m 5on·.91 1 A AS 

5005.93 t9C.116·.31 ~-56 1 a B 

SOOt.42 t999'J.-3! ;ow:.oo 1 A 17901 .28 5 2'l9(>1 .34 5 sooc,.o6 0.00 '-0 
\.>J 



. .,. ___________ 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) -----··---. ---· -~ -·····~--~-~--- ~----.-.-~---.....-~--·- ~----~---· ----~-------~~-
4998.54 20085.84 li9<11.18 1 I) 

-496'7-~1, 2ut)t.11 ~ '..83 2 B 37336.2U t 4?3(.l?.12 2 496'3 .9? -0 .09 
4943.41 2ce2S·.11 ~ -1 2 10 ll AS 

~ ·.86 20.313.:4<, ~ -.52 1 C AS 

6-.93 20331.89 4915·.59 
,. 

A 0 

lt.w 20350.u! '912'.66 20 .c 
"89CJ.98 2t>4ciha5 ~.6' 2. JI 36523 .84 3 41 !122 .43 3 4898 .59 0 .05 
~.,a 2U4f,5' "896.78 1 

1'895-J34 ~-33 "89'5·.50 1 C 287l5.37 3 3'61o.8o 2 4895 .43 o.w 
1'888·.9? 2~--- "887-.59 6 e AS 

. 
4886.1'9 2~~ Ji884.8-6 1 C 

lf871 ·.65 20526--93 "870'•3/? 17U 

--,-o.s,, 2053t-.72 JJSG9.18 2 .A 2288u.24 3 t&slt .05 2 J;869.1 9 -o.<Jt 
ll869.59 .2(JIJ35'.Jil Wia·-26 20 C 

485e.69 eOStsa ~ -31 30 8 2U184Jl7 1 25634.21 2 4549.34 -0.03 

~ -95 2°'4o 4843-.&\ 2 :t 

IJ1<]l·.Tf ~3 t196· 1;£> .. · ..... ., , 2 B 

:r75.Jft 2~.61 ffi4.11 50 B 2288o.24 3 27651t.3! 3 4r,4.o8 0 .03 

4146-39 21Uih64 '7\5~ 2 A AS 209t&Je 2 16163·.36 2 47~·.o6 0 .03 

l13t·.;:t5 21136.51 4129.86. 3 A \.D 
..p. 



(1) (2) (3) (4)- (5) (6) (7) (8) (9) (lo) (11) (12) --~I)·----~ - - it •!"- ------~-- - --~ .. ,,. __________ "'_ .. __ ' !: " •• - ~ ------~---· •t • - --~-~--,...._.~~ 

4727.<.,6 21154.&.> 4725.77 .lKl A 209(£ -~ 2 25634.21 2 4725 .79 --u.w 
47'10·.26 2t203~1l 4714.91 4 B 25?81 ·.81 3 29996.81 3 4715-.00 --u.03 
f115'.20 21203· 4713.91 1 E 

0.0, 2123' 47<&.SO 2 E 

4670.<2 2114-13.18 4668:.75 1 .:a. 2SUS4.14 2 29752.84 2 4668.70 0 .05 

4663.31 21·"" 466?',o\ 1 E 

~ .2• 21471 .9'i- ~-c.n 1 C AS 

4656-.59 21~7 ... ·.94 11655'.3! 2 J.) 22aao.2• 3 1&!24.99 4 4655.25 u.(f'( 

4652.86 2149?.16 ·$ ·.59 1 c 
~ -."9 21563.39 1',636·.22 1 • 2'l88u.24 3 27516.41 !> 4636.17 0.05 

4627.25 21611.11 11&5.99 8 A 

46ii2.ff 216]2·.QS 4€21 ~.51 2 JI 2(1'(84,8"( 1 161 63 .36 2 46?1 .51 o.oo 
~a-.55 2t651·.22 liQ7-~9 1 e a 51619.'f/ 2 ~:r,-.34 3 46i7 .37 ""() .o8 

4615· .. 62 21665.56 461JC..36 t A 

~,-.~ 21685·.au 4610.18 2 .a 
lk.510.63 21ti:S9 4(,ot}·.37 1 

~-39 21·78lt.64 -4589.14 3 A 35115.28 2 397()1l. .41 1 4589.13 0 .01 ~--- 21SS,.9! ~-.,1 t C 

4553~ 2193!-.l3 1652..ol 140 • 147.\o-.68 2 1 ~St? -69 3 4552.u, o.oo 
5(2.fR· 22212" 4500.84 t a \D 

V1 



_.......,__..,..__.......,.. ....... _ ........ ~ ---------... 
0) (e) (3)' ('4) .(5} (6} (T) (8 ) (9} (1 0) (11) (12} 

..........,, _ _,_iii - ----- · - -------!'- ':'!' · -·••'!' --...... ~ ---•---------· --·· ~ . ...,... ........ ~----.. --------'!" .......... 

45tn.Jl6'. 22217 .93 4499.63 t B 

4500.54 22at9.55 4499.31 1 l) 

:.29 22315 4-llao.o7 1 E 

,73,.41 22354 4412.25 1 

4472.39 22359.41 447'1 ·.17 1 C 

441e'.o7 223Sl' 4470.85 2 

4439.-.37 22525•°12 443&.t6 2 C 4121 1 .03 a 3Sl72.85 2 4438.18 -0.<2 

4419.28 22.&8.t2 41R&·.u-r 1 C 

44t2.9't 22600.63 4.\t'f ·.14 1 D 
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In th9 pr. ent u y a o tll h n wa p otNa aveauabora t 1 

l • ot Ht I in tbe w elength r • 1.0 • . 5 pa 
tb an -1 rqe oc racy ot 0. 05 a • 

outa14e t •tro t&r v pow- b orption r 

t na1U.•• ot 457 lin••• lyiq 

( 1., • 1 .4-5 /.&II 

been put on a uni fora a • • b t 2 ob •rv · lin•• h • b en 111 .4 

to the kn n n ra l vel ot Ht I ; .The 

olu rv•d th ve nuabera w • 0. 1 oa• 1
• It • not poaaible 

to oontina t • l r prob b 

• inoi dao••• · h• 1ntena1ti. ot th• lint• a ai . .a -o l . 1• ot know• to 

claaeit1c-atioa oontora t the int,n.1\y Nl•• of w.tipl•t t alt.ion, am4 

lino atr · 'tha" re• wi tb th th retioal lin• atnu th • 

he po,t.tiom of · be level• o · the ••en fi nt ~l' -tt n• '41+, 54'•s U4 

542&.,2 ot St I ha • b n o o~ eel aaawuna nt 4it. • o u 3-uag . t h 

o lolll t1on o lev la of ttw rou&ld c m S. r ti . wa1 un, t1 .oto1:7 au 

l oVlla t .his t-i \ll' ti w " l • • Coul • 1n rut D lllhittir'I 

,
2 a t-' ••n not • • btb&~♦-dttJ .;.. Mine grea t l' \ban 12 

1a • oa•••• 

'bl pbya1oal ~ · -1.i atio ..- u • t 'Ult C t&loab int raoU par tt1i-a •J'Jtl 

thAt le.r • 4tt·r,r no•• beiw••n ta• ob••n• -d tbe cal.cu :t•4 po1i\ion1 ot 

th• ••~ · l•• la ot oo ·1 w- ·t1o .54 s
2 •rt prob l.y o u1t4 •1 tll.r• bJ 

rtun :tion 

r6 th• l evel• ot tbia o ntiaur tlou by ••l• whic hav• ot yet b••• 

d1 .. o., .re4. T paJ"tul'ba ti n e.p • Nd to 'bt lar a at tor :i. ••l• w1 th to-t.,al 
w.ow.~•u~ 

<lN\,ij l.M L . u tu.a uab r of two 
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1th l,r. do lnt erv 1 l _ prob bly ticti ti ua. I t h I not 

been 1,1 0.1 ibl t o tun n t. -it :>h s · cal o on for t b l arg dif fer-,, 

eno, b ,t11 .;;-.... n 10 ob erve and th "! oalcul t ., 11ositions of the centigt.t­

enn1n d hio.h r, v& 

d -r by l o ala . 

t l , 1 

'.l' t yo&i t i:> s of foe level :, f th co fieur tit!ln 5d16s have been 

s ed to 

t th• 

eonfi urn.ti"' wicltb. 'l'h Neulte of thi . 

ao n w 1 .ve s to the config u · tion :54J6 .. 

~vet m _ 1 v l h~vo b 11 :.. :i igned t o t bi cont r~ tion but the root 

J1\t an rror ba~ · .crea. ed to 2 t t e oont'igur o:tion width. The •• 

a.oti u p i-w.i Qf his oonfi N.rut '~ on. ; "'h C -ulomb, t he x.chu:n«t, _ 811A 

tbe t:10,1 ~~ .etor.s _obt i red duri ng t.."i.e ea.lcultit1on ~r. 
tbe -os t io thu l ol Qt e cont! - r ~tiort Wtia b e a-tm ui•4 to 

b't l oait:ion~ of 'I.. le'V·tl s or the contipr~tion 541+ l:l~t 

i t h not b n o . siblo t · aign -n,- of th · ob enrod laQl$ to thi• 

'lhe tlleor · tic l calculat1t.ma ot the eargy le 111• ot tho low •• •n 
. 2 2 l '-' , .. 

oon.f;t.gur~t1ona Bf l (54 6a t .5 61 a-14 54- ) 0"11 'bo- bipl"OY•4 l)y inOluilq 

the ,confi$Urat1o:r.i int ra.c tiott bot eurn these th Ne cont'igur · tto.ns ta th• 

c&lciu.lation of th• ergy • rio.•e• Th c . et.:llBti,on or tht· ex-act l.uo 
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nt proo dur to obtain th• infrared ap ot:rua ot Ht' I 

o n b improved considerably. Th tho u d to ublim• h niua .• odid 

t a q i te uu tiaf aotory nd tould h ve rea 1 ted n uri ti a &pp tU"in 

in th• iaohar~ tube. thermo tatioally contro d t'ur ce . nt ,nijd 

t O C ( subli tion temp r ture of hatnium io41 •} we l ha b••n a 

oN certain y ot' n urin th t nly h f'n1 iodide as aublia• int• 

tbe di oh rge tube. 

The inaoou oi•• in th• wavanabera were o ueed by the apeo ma b•inc 

1oanned. un,Tenly oro • th •rlt alit. Th• 1 r and. th• nut u d to 

rotate the gr-atin, in th ap atro.. r uae4 duri tho pr-•••nt pro.1 ot u 

to be replaoed. A •rton n\lt and • a ••t ot bt iqa to hol the ••x-•• 
in pl o would have i■p .NYtd. the amootbne • ot the eoan naulting itl u 

1aprove4 accur cy ot th• wa .nuabers. ' be a.ccu cy of he w venwab•r• 

oould al10 •• b .. n increased by more oloaely spaced tringea. 1 d r 

pacer ( 1.5 mm) tor the Pebr,y•Perot etalon to oord trin1•• •••l"Y o.s aa• 

of th o rt would prob bly h v• nth.to the •~•rue• inaoouracy ot tb• 

wa:v.nob r• by a. t tor ot two. Th Rdael°""Butl r frinc• utho . ot o li• 

bra.tine a p•tt-oaeter ha.a 10 • dia&d'f&nta1••1 tbe in d11a4,a.nta,:• 'bting 

the 11.mlt.d length of lit •111 bl• for th• apeotr .L be& • T • ditadvant 1• 

oould h Ye lt••n o ,er oM by uairl~ lon r alit• tor th• ap.otrouier •• w:.Ltb 

c\ln cl ali b a,tipa iaa woul not v• bNn a pro bl.•• The id• N l(ino--

ment •ould h •• b on two 1114.ep dentzy J\iastab • ir• of slit•• on• tor 

the sp••tr beu and a.nother tor, t.be o libr t1on ••au. The probl•• ot 

ins\atfici nt •lit l nath tor th• p"tr nd the oal1b..- ti.on t.u1 tan al.ao 

b• rea l••d by el otronie l~ eparat111g the o t t aignal due to th• 1.wo 

light bea •• Th• • m• at• de•reloped d.W"in& th• Pl"e••.nt roJ•c 001;1,li 

••P rate di.f er.nt • oti ona ot A a<veton but •re ua•l _ •• without an 

ampliti r wllioh p due d ittle or n iatort.ion t ln tnqu • o1••• 



101 

The intenai ti of h niua lines na.•4 to be &5\lred w1 th tar 

greater ae ur oy than beta b en po sible during the pnaent anal.yd ot 

hatnium sp otru11, altbo h the pr sent m aauraaenta b ve pro•Hd quit• 

uaetul in spectral line cl s itioation. Th moat a riou aouro or error 

in the in ensity • aurem nta w&s probubly the uncertainty in th true 

background l evel nd it mq not be poaai'ble t o •liainate tbi · touNe ot 

error ccapl tel7. The present intensity •aluea o w.d be ia ro'fed 'by 

multiple me 8Urementa and by uaing a phi.a• aenliti • arnpliti•r to iaorea•• 

th aignt.l to noia• ra.tio though in thia oase r thur alow oannin ep•ed.a 

my be neoeasar;y. \'h accurate estiaatt ot intenaitl•• would b• Moeaa r, 

to deteraine it the popul tion ot tae en.ro l v•l• eould be do ribed. in 

t nu of an excitation te per a.tun. It ay be neceaaar, to •et · rain• tho 

• tenc• 4th 

th• diaoho_.,, to aH it local th•naodi,na.mio quilibi-iwn condition• hol4 in 

a roiorow • •x•ited. h nium i1lhar1•• Pr·eliaiA r:, nault1 troa ex . ri• 

ments with miorowt.Y excited neon 1 .. 11ar1 · *"•4 io 1ftdio te th t the 

cl.i1oharg• oould be deaorlbet ia terma of an exo1t tt.on t,mp ratuN but 

in tbia work neon line& with o oa•ly apaee4 upp r .n.•~11 l vela w•na 

,tucU.ed. Simila.r nric on microwave exoi tecl hat'niwa duohac•• wou.14 ha'Y• 

enabl•4 corr otiows to be 

apNtral ltn••• lt ••• • atra 

ud ah rpn.aa ot the p•ott-al line• C.Jlitt•~ 1>7 mioroqve •x.eit,4 rlbcmn•c••• 

th t th••• eounea should ha•• b •n oom_pl•tely 1,nored •• tar •• iat•naS.ty 

and oaoUlator atrencth •• UNaent1 ot apdtJ'al 1a I a.re ooiaoen.d. 

J'in&lly, the thooretioal aa lysia of the $'ftn contigu.ra.t:lon1 tsbould 

be extended. ·to 0th r possil>l ve.n. cont:igur tion.1, •1• ')6.26p2, ,a1i5'4, tct 

det•l'llin• the l vol.a wllioh could. pfftVb the 1r-0Ut!ld oonfi1ur1rtion. Sir . .tlu 

oe.loula tion• ne•d t-o be c ri. 4 out to d•t•fflin the le•Hls oi .. tht odd 
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c ntigu.ro.tions of' Ht I, rticularly the l:,v l £ ih6 cont iiur tion 



AP IDtDI. 1 

l •O BIT I ,. C'l'I N MA'l'lUC 0 

C nd 41+ 

Th o ttioient trio• tr pin-orbit 1 t r otion it i n the 

oont11'1 tion d3 a • r oaloul t d fro111( ;o,,1), 

(4'( L).s ,LJ l!t.•J.:s.l 4}(T
1s1t 1) S~L1

J) 

•C·)L1 ... 51 ... r-J(}O) 1( j,SL I\ y11 ll d}'f1 1L1) 

xC(2S1+1)(2 ·~+1)J .. J( S~LL
1

JIJ) (s 1 
1 ~J t1 ) .1 .1. 

where v nd ,-1 are the seniority 

oonfiguration a3 

and a1 are th 

■ult:l.pl to cl} 

ap 

uab r• 0£ th• ul. i ~l•t of 

1 03 

1 s1 and 
1 

are e totel apin la wabera or the 

multiplet of 4 • 

L and L 1 re the total orbit 

the ulti leta o 4l 

gul r II nt 

Ji th• tot ~ulM . entwa qu_ nab r o 

Tho atrio • ai g1 en 1n 

1'b ooettioi nt aatr1••11 for pin-orbit in er otio 

ocmt ur tion 44 were o low. t ti 1 rom{/+3,47) 

(a4.sLJ L~ •,"11 c14v1a1L1J) . 

• (-)S+L1•J(.Jo)i ·(4l.-,s1, II ,11 II 4,.1s1i,1) ( 1ti.1,1J) 

where -. and ., 1 are th• aiaiori ty nwabttra 

S ti S 1 an the total • pi a.tUl.i r 

L an L 
1 •re th• tot 

J ia the total cmg r Pntua a tWII nuabar, 

n ibera ot 

' - ot 4 •• 
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(d n •••• II v11 II d n •••• ), we obt.u.in d fro· t hJ.e by 

S t r (·1960)(l:j). The cnh tunctiona, ( be J f), . ·e c .1 late 

t·or &Loh ca.a • 
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COMPIJTSl 00 n D l>Ulll G LY I 01 

. IUJll OF Ht I 

'l'hr e in com uter roir s re ••1 • dUrifti tb an ly t• ot 

rr c1 ctrum or Hf • 'h thr • 1ro r l:I••• <. aoribod below, ar•t 

to e.a ign th intra1" d. tn1u l n • to · • lcno 

2. A rou inn t 1a on iH r l sy 411 trio catrio••• 

,3. A routine, c l ulat , by le t \UlNa, 'he int r otton p ru ter•s 

by oo ring a of 

en r l T 1 or Ht 1. 

Th• tnp t d ta nre, the ob• ned air­

the o d on&rgy 1 v l& ' 1th th ir 

Firat, t in ut lr w ••nu 

~dlen, tor ula(lJ) . • on4, 

era 

rice with te kno n 

·v.n and 

se 3000-10000 . - 1• w c cl.lla:tecl })y dltt Ni1C1ng a p it- of 'Ytm ft4 

o d. en rgy i.v,l · w: ion a i tied thtt ul ot1on Nle J • o, .t 1 witb 

J • o J • O torbi den. hird, th ca.lo ua tad wavenobe,r w a o&, , ar.4 

w1 t.b all tb obs " d vent111l> N • !t the w •n ab•r• 

,;b n . ocuracy • th• obaerted w v \lllb r &Dd the oa bl• tr&Aa:l 11 n l•.ela 

were nnte4. !his aa I' . vat cl tor all pOt i:!1'bl th•oNUcal 

w venuabera. The p · ~ • 1a a1v•n b lw. 



"B .GtH" 
111 •" "ARI.At• , oo ["1 : 1 6,6J,s1&1, IG2 tJ a 'JHJ.J,1 'l},,J; 
"I " PO, JO, ~ 6 , 6JJJ 
"INTEG 9.tt c1,c2,c.s,I ,J,K,N; 
!lBA.L" .. ,,DIFF,C ; 

• Elmf" II l, ...,T$7Pl+2 ... , 
''L' IflOH ; '"• S O ' 

C1 i =C2.C3 ,;6; 

L1 sc1.c1+1; "UAD" w.,Cc1J,.1w["c:aJ,EB['c1J, 
•1r• . PJl:c1J•G1• /, "fflEB• '"GO O" L1 I 

1,2;c2, -c2+11 "DAD" PO{"c2J,10Cc2J . ro["e2J; 
11 

'" " 0Cc2.J G- p "TH N" 1'GO • o" t21 

IJ1Cl :.c,+11 " ,. If suH Cc5J; ' . 

•u• s1G1Cc,J > 1 .; •nmr "GO iro• LJJ .. 
C1 1111(:1 •1 J 

G2:#C2•1 J 

c.-,,-c,-1 , 
. "IOI:" Ia•1 "S!IP" 1 "UlftlL" Cl "l)O" •uant" 
rmC•J1-s111C1J, 
"FOR.0 Ntlll1 ''$TIP" 1 "U?flIL8 

' 
11DO" "It GIN .. 
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1N1Cw..1"'•~:rrC,JI( 1+(6432.a ,, •8)+( 94981.d.~ . .d/ { ( 146.;t1 ,, +8)•(t 'fl/.i•1j 2)))+ 

(25"".Af( (4-1 ., 10 +a)- (1m/j-1J 2)))) i 
"IF" Im/J-1J - 1wr/jiJc ,S.·001 •i'HU" "iEGIN19 

szctt!JJ ,.m/JiJi "GO r "LSJ "·DP• l mm, w, •rEt1 11 1 
If,.;, 
•101" 1 f$1 •sn,• 1 "ti Pl'lll e1 "DO" ttg111t• 

•101• J1 • 1 •sur• 1 "UfffU," c:2 --.no• •a•1 • 
S:.~(El£1.J• oCJ.]) ; . 
•1r• S •11• Jli,tS.;,S •mu" "DGtlP 
•11• s •1,.1• 11A6.M.; •raa• •B£t% • 

"D" Jl["IJ.Jo["Jj • HEB" •co w• 14, 
"If• J,C1J.JoCJJ~1 "'!'tttffl" "GO TO" L5; 
1111• JSC).J=10Ct7 +1 "'l'RB " "GO TO" L5J 



Ll+:" 11 n,[": Jqj " rour .. Go ou L6; 
L5s "J'OR" K:•1 .. ,,'l'BPft 1 •u IL" c, "DO" &EGINM 

DIJ1a•(S• Il1£KJ)i 
•u• ABS( l>D' ) " " ,.1 "THBr " G " 

Ns +1 J 

8102£' rJ:=SIG1l1/J 
"PJ.INT• ALIGNID(5,2) ,(SIG~MJ)• 
( 1+(6432. a,. )+(294981.lhN(( 1i..6.,~. +a)-(sx\l2{: rJ~ 2) ))+ 

(2.551JJ.JV((41.,c1•
0 

+8)-(Sl ,~ ~ ,,. )))) , 

SA LINE, " S1 '' 1 LIG D(5,2), IG2£ttJ, " S2 '' ,DIG-ITS(1),w.C'1J, 

" s1 '' ,nIGrr ( 1 ),JsC1J, " s1 ,. ,ALiam(s, ),nC1J, '~ s2 '', 
DIGITS(1),POCJJ, »IGITS(1),J~JJ, ALIGIBl>(,,2), ·o['JJ, US2 '', 

ALI . (>,2),S, '' 2 "' . I · (1,.>),Dlff; 

"GO TO• Lf> J 
ND" J IRJ>• I •BND• 1 -Btn>• 1 L6a "IRl>• 1 • • J 

"INl>" ; 
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i t 

trll: 

th · ivot 

la tlw· ft on\ · · tllad e tha nul 

a •t 1t it uoee . 
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..... ~~Nil 

o A. Tl Ii ·tlloi 54•5') 

• ®t pN oo 

r b 

g 

,t:;1} ... functions were output 

ao trice . u4 rut aa , turlo ot t ott-¢1._ al olouat 

ttw liJdt, 

0 • 1.0 s 10·10 

'?1- aqu re- · ot of t. •• at • u • ot t • oft-cU.q . . l •l--••• ol . . • 



D G ( , •,Rm~) 

:Utt · il P, Q 

1, ,N m ,1u 
I } 
P(10),~( 1 ,10) 

AU:IN11\dll ( ices ) 
Di 1 1•1, 
Di 2 J•1, 

S(l,J}-0 

(1,1)111.0 

J)t 10 . =111 

9 J-1 , R 

• ♦A(I,J)• I,J) 
10 coirm:mm 

DS#:fiS+A(t.1)• ( , t) 
99 ' · C . . OE 

U-SQR (ns-l>S) 

1) 141 

e .· . V· )• }11 

ffllb58R.M 1 

:ttm.O 

TD Jm;/tt 
De 4 r .a. 
11.---1 

N It M.:rz ( · , ))) 2,.2,, t. 
1 

V1 • A(P,P) 
VI• A(P,) 
V} • (Q,Q) 
·ta-. O. !) • (V1 - V:S) 
tr (W) 6,7, 7 

6 • ,.o 
Gitt) 

7 ICff • ... 1.0 

s o • a ari (v2••2 + w••2) 
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· . . ~ :.a ilmi :A/S (2.o ( 1 • . S~ffi:( ~( 1.MUI oa)))) 
C si SQllT( ( 1.0 ... .1.• 2) ) 

!le 13 1•1,U 

lJ ( 1•Q) 15,14.,15 

15 If (l•) 4,1~,1 , 
16 . TNT1 c .ti(l, ) 

W • A(l ,Q) 
TEW' • IM1•sn1.t + w•ces-r 
• J, ) ■ !£ I 

A( ,!) t:: TRr.f9 

.J, .,, • 1tfr1•ct • MU Slfff 

A{l ,P) • T P 
. .... .1) . 

14 C$? INYJE 

fl (IVS-1)0 11.l,O 
ltn1 • 8(1,P) 
WU• i(l,Q) 
S(I , .,) • IN'l1(tSifft + W-CIS'r 

·(;r,P) • xm1•CI$! ... 10-Sllft 

13 Oiffl W 
SlttctST • a.· I • t~ 
C:9$!2 ~ C&Sf• 2 

snn2 • 1 r-•.2 
A(P,P)•Y1•Cts't2 +VJ•ama -2.ortva-s . ·c. . 
A{ •Q) .V1•Sllifi +Vj•C~ll!2 .t,ceO-Vi•SINtC&&t 

Dln' • (Vi•\r,3)•8.UflC.tS'l' + va-(ce~,2 • Sl'ffft) 

A(P,O)• ffllP 

A(Q,P)• IIIP 

4 teNlINUI 
l1 cum) ao,20,21 

26: IM»-0 -

NNS 
20 I ·. (NB1Ui12 •!HI) }1 221 22 

22 " COA!INUm 
fflU!m 
ID 
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a irrt · :on , "'T < UA · ADJUST , 

In tht oen tion the el ens ot t n ra 

r,:, •trio~• s t ui, w1 th the pr•l1•1AA17 

eitp)nv otor X • ht de i v t1Y • of th• e Elllv ue1 i th r: a 11ot to 

i n by, { S, ) 

th ooapon at• ot th •16 eotol'a, lnoe th ei19a"Vol\laa 

ot t H 11 oaiu a • fil•at-o. 

fro• ul r • 

'tbu 1h 

Ord 1 . th 

a t\.lnc ti:ons of the para• 
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u a of the •n r l v le c be c ouJAt d tl'OII 

in 

to 

U.ons inc . oulat1nc the nercY • trio••• It 

w t.h& 1n l a & 

n. 

to prove t st tin p~rneter ua d 

trice if tb o 

n ra l •1• 1a th• t1on• lit.le to Ht 

•n•ra l ... 1 

to fora a t of ai Ill t&nto\i eq tion tor n '1ft lffl · r••ttr•• bicb 

can be sol v d by th etbo or leut . . • • 

:Fltl •. • A. 2. •• th el' t"'Of' i n tho oC.th l etel 1a< 4,) 

tb1 laprov d p · ter 

~ by (2J + 1) J 1 • th tat&l orbi · l · gul.ar DiOll111t\UI 

l)itflNAti& Pl 1i <a of the 

d to 

ob'4ill tu equ tin• 

[( ot )[ L,( r ) j" a.~ r a.°' il pr~ [ ( °') j oc, a oc i E" 

rou.tin iven \Ml.l nta up • n alatl;&l .... ua • ~ tl aa fma 
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G ian iain ti n th d. h in ut th r tine o nai1t i ot tb• 

r,s l vols ot t 1 conrigura.tit1n1 d th th i:r st.a.tt&tic l wei ts M4 

the oo ttioicnta ""r c ouln:ted fro A. 2.5. LH ls w ioll Nt not ikn.owa 

~ ,er cl bttul h d • •xc uded t oalcu iontt of 1• ro,e4 

.1ght Qf 18 • 



uon UT t ( ! • ,J, ·, ) 
lili (M• it , ·( , . , ' ( , J ( J) , 10, 10 

ce e r (10),s 1 ,1 ) 
2 -1,10 

;)f 1 1, 10 

!1(I , ).O .O 

1 DI 

f ';b( I ):0 .O 

2 C ·nmt7. 

I+ I• , t 
l K-1, 

' (I,1)\tlP(I,1)+J(K) A(tc.1)ttE( ") 

, cemxmn 
. C 

Di 7 1,~, +1 

Dtl 6 1. · 

"'1,111, . 
i (I,~)•PCI~t)+J( )• (x,1r1)• (1.x) 

; 
s e~ :t:1 .. nm 
7 C ~a1 

~ 1' I-1 ,N 

a :t,&2, · +1 

( ,L) ( ,t) 
8 <1 W& 

9 
C, KC . · 

I ·"1 
10 De 1.:2 1-m.xc 

Di 11 r-1,KC 
I,K)• i(t, J/ (I, . C 1) 

11 c ·rxmra 
12 

N 14 l'.•1N+1, C 

I» 1) X•1, o 
(It ).p{I,1 )• ,K) 

1J C-ifftlltJS 
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14 Ce . i:INU& 

n i-1 +1 

K = •1 

"-'(I - i ) rn,o.o 
9 15 l 1, 

P(I)•O.O 
1, ce 1mm 

Fi'( 1) ... P( :i,1)/ ( , 2) 

Di 17 l=2, 
Dt 16 K.•1, I•1 

FP(I).JP(I )+ (H•1,K+1)•{•t )) 
16 CtN?I ., 

~ (l)• (N-I+1 )+l'P(I) 

17 CiNTI 

Di 19 l •1, 
l ( I )aiwlf ( · ) 

1, c~Nr+nnra 
RITtJ.Rl 

mm 
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1 23 

Thu >r6joot dosoribod i n this t hooin wna dioausnod 

with , nu~. bor of: po oplo and t he e,utho:r io i ndobtod to 

t ho ::t !or thoir advioo nnd ti . ..: '.0 01-:iont on dioouooi onti . ~ ho 

,utl or o -,eoi c.U.y v:ishos to t h nl:: 1•. E ., D. ·1 . "" toc:ro of tho 

1orthox n Folytoohnio,, ton on , · oz- his , :t"cquont o.nd 1..rnrJt>uJ. 

001 · en to at o.l . st . oo o ·~ hi l., :roj cot . T 10 °u~1.rho... v;<;uld 

o.loo i l;o to trn.nk iv . J . r, . ·:111w fo1· his lito:1n.arf 001:t.:o.ntt1 

on tho dx-att o ·· t 1~ £irot oho.pt or o this theoie •: Tho 

o.utbo,:; is e ro.to: ul to :.l!"o -. P. t . Blvino , £or tsrvtnc o. 

00 •. 10 a t di .ic.mlt .. nuool'i . t . innlll , to ... 1.,thor w uld 

li~o to• t han . ·:tao , . 1 . •~on · l ' o~ !tor oncour garnont 

nd or nointi c out ~o . e of t he orrora i n the typ~~ 

t O.ntHJ :t• 1 t , 
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