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Tlie spcctrt1ni of Load has been the object of many investigations. Yet until recently littleprogl*ess has 
b een macle iu  iha i(kmtificatioll of series 'elationsbips in the arc and spark spectra of the element. This 
eleinellt is the chemical analogue of 0, Eli, a c  and Sn ; m ~ l  since it has the same number and type of outer 
electrons its spectlSa1 structures may be expected, according to present-day theories, to resemble those of t-ie 

abovementioneil rlomonts. Sucl~  rrsembla~zces Botween l~omologons spectra are of ten very close, though 
t l~cre arc occnsionally .minor but sigrlifical~t diBeronces, which may perhaps prove of importance in the 
refinerneat of lnoclern nt;om.ic tll.eories. Rocantly through the work of Thoraenl, Grotriana, SurR a ~ ~ d  McLennan4, 
a distinct atlvanca was made in the a~~alysis  the arc spcchrt~m of Lead. The first spark spectrum of the 
elemeilt was investigated by Geis~ler .~ 

The preliminnl*y attempts at t l ~ e ' c l ~ ~ s s i ~ c a ~ i o , ~ ~  of the second and third spark spectra of Lend, from the 
existing lists of publishecl wavelengths was seriously hanclicapped by the lack of descriptive data. Descrip- 
t i o n ~  of arc and spark spectra of tho elsmolzb in  limited wavelength intervals have been publislied by various 
obae,rvers. Tlze most; reliable onas up to th,e year 19 11. aro qnotecl by Kayssr in Volume TI of the Handbuch der 
Spectroscopio. They am by Kayser awl RungeO (arc spectrum 2085 to 6002-A.U.), by ~halelen' (stpark spectrum 
4058 to 6656 A.U,), by Exnor and llascholra (arc spsctrnm. 2237 to 6002 A.U., and spark spectrum 2170 to 4572 
A.U.), and by Eilcr and Valant$ (arc sprolirurn 5609 to 7229 A.U., and spark spectrum 4272 to 6793 and 
2088 to 2733 hlU,). Sinca tlze appeamuce o f  thia work in 11322 the spectrum of this element has been 
rciaveabigatccl by  loin", with gro,zler accuracy by uaiag a 20 feet concave Grating Spectrograph. A11 the 
abovbmentioned measures wcse based on Ro.cvlancl'a system of shandard wavelengths. In  addition t o  these, 
contribution8 to the spectra of Lead havo been macle by Kimura and Niknmura", who, by photographing the 
cathode apectrurn. granpetl. some of  the imporlzli~t lines under successive stages. No attempts were made by 
theae authors to measure the wavelengtlzs accurately. Only after tlie present ~vork was begun was the writer 
able to procure a paper publishecl by S. Xmithl', who photographed by means of a two-metre concave grat- 
ing, the vacuum ~ p w k  between electrodes of tlie metal, in the region 2400 h to 4800 A. It is found however 
that the hot spark does not give the lziyhest members of spwk lines, which I have been able to photograp11 
with the highest oxcitation in the condensed spark. This is clearly seen from an examination of  tho 
writer's spectrograms (plates I1 and IV). 

The measurements till, now available are not sufficient for a complete analysis of the spark Hpectrum of 
Lead, since it ia desirable to know the degrees of excitstion at which the various lines appear 2nd also to 
know the character of the spectrum lines, i.e., their sharpness, diffuseness, etc. The experiments of the 
writer were therefore aimed at photographing the whole region 2050 to 7000 A, with higher dispersion find 



under ddferent degrees of exchhon a0 a preliminary to the analysis of tho h l ~ h e r  spark spectra TbiQ 
r e d &  show that the procedure is justified many .~ddihonal lines having been disooverod 111 t l l lg  work 
new observ-ahom of the spark spectrum together with the lines which have boon olaasified in th@ f l ~ e m  of 
Pb 111 and ~b IV d ~ d  pmmntad in th~M papid In tlddltion to tho acclirate meaanroment of 

lengths attempts have been made in this investig~tion to improve upon tlio earlier iodo~iptlon~ by 
m a b g  o oarefd ~lelechon of the lines characten~ing Pb I Pb I1 Pb 111 and Pb IV Thlg crlhlc&l d@ 
enbahon of hnea belongmg to &ff erenk g@e$l~ I  g&eMlly made by photograph~ng thc ~ p c c t r ~ m  u ~ d m  
varying degreea of &charge 

To provide data hkely to be useful i~ ldenhfg ng the spectra of hgher s ta~oa of ionlsation a a& 
made of the spark epectktlh of pdie Ldd in s ~ r  ili ~ s d a o  md in ah atmoaphcro of hydlo~en tit WYW 

PrWmefl and also of the arc m vacuum between electrodes of the pure metal Tbe spmk wu prodnod 
a & watt 20000 volt transformer The secondary oonhned a battery of large plate candene~re of Wgtl 

city 0 03 m f d (constructed for the purpa$e) 1i1 pktallel mh thd spa1 k Lap in tho expc i mental cbamb* 
To dihngulsh hnes due t o  different stages of ionisation the ~pectrum waa photographed under m&W 
d ~ m s  of &charge wkoh is done by inolad~ng in the secondary eironit a varmble bdf indncEenoe ~d 
wac;l$ 

D~cngrtzon qf appzraius 

~ W M  @ ~adtatzan -The apparatm aged for the study of tho spat k spectrnm 18 shown m c11a~:fam f 
It c o W t a  of a pgrex bnlb c a ~ l t y  about one bkre with mde openlngrr El th~angh whloh the electro@ 
p W  To the en& of them small pieces of metal oan be fixed A plane plat of quart& 18 attached to &k 

graphed, Tbe fmo glde tubulwee (TT) are intended for filling the fluilr w ~ t h  hydrogen Pure 
%as from a g e n m b r  after passing through drying agente 18 passed throngh the f la~k for nmrly $0 
aweby h m 0 g  the traces of a u  from the k k  By connect~ng the flask then t o  an air  pump 
could be e*wed to any desired prwnre and the spark qectmum photographod 

BIG 1 



The spects~~rn of the vacuum ayc of fhc metal was photographed, $!sing a specially constructed arc lamp 
as the souroe of radiation. A diaglammiutic sketch of the vaclxum arc is given to Figure 11. It cqnqigtp of 3 
double-walled cylindrical ~csse l  fitted with q vacuum joint for one electrode and an aperture o l~po~i te  for 
light $0 emerge. The secnncl electrode passes tl~rough n similar joint in the base of the lgmp an$ the clip 
for the specimen is arranged so that the arc is strnck as close as possible to the window, w i t h ~ u t  arcing to the 
wall taking plac~.  The lid of thc vacllnrn chamber is a bronze disc, which has been ground to  make a tight 
joint which can be sealed witlll snitd)le vacuum wax or greaatt. Connection to the vacuum pump is made 
through the base of tbc lamp and nozzles are provided So that the cylindrical wall may be kept cool with 
circ~~lating water. Each elcctrodi. coi~sists of a brass tube passing through a gland and having an iqm!ated 
wire passing through it. Electrici~l couneclic)ll is made to the terminal situated on the ebonite hqgdle, 

for the rnanil~ulaiilion of the arc. The glands have been fillecl with vacuum grease for maintain- 
ing a vacuum. The lamp opcrfites stenclily with currents varying from 4 to 6 ynps. 

WIG(.* 11. 

~ $ ~ . ' G ~ T U ! / V ~ L ~ I I L ~ ~  P ? I I ~ ~ ~ ~ ~ I ? ~ . - - T I I O  spectrogr*arps were oblained in the first and fiecond qrder of qtl-inch 
COIlcava grating, of 10 foot r8ad.i1l~ oE curvature in eagle monnting. These were supplemellted by Several 
plates talcon v i th  a TTilger I?, Qna~ta s~~cot~ogmph, which' is used not only to recoid the faint lines in the 
ultra-violet, T~ut a180 Eor wavelength ;tnc;usupc~cnts in the region 2550 to 2050-A. In this region this spectro- 
graph~ compares favourably in clispcrsion a i d  resolving power with the concave grating spectrograph gpd at 
the sarnc; tinm, has a good ligilL gntheyisg r~owsr. Co~parison ~pectra of the iron am are irppressed an the 
plates after each of tlar oxposuyea, 'l'h,e rjy~ectrograps are obtained on photographic plates of thin glasg 
which conlll be bent to the focal curvos of the spectrographs. The regios 3600 t~ 8lj00-A was also ~igpally 
examined, with a view t p  ~ . l y l y  the l ,phavi~n~ of the lines under different conflitions of excitation, by a 
con~iant deviation spectrograph. For plzotographing the region below 2501)-A, the plates were sensitized in 
tlir manner described in Volume I1 of I3r\lyts Specisoscopy, with comptogeter oil. The exposvre times 
ranged, in the case of the concave grat,ing spectrograph from 10 to 30 minutea, while in the case of the 
quartz spectrograpl~, up to 2500-A, the timas ranged from 5 to 10 minutes and in the region 2500 tc 2050-A 
exposure8 of 15 to 40 mi~p$cs werc given. 
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qf wavslengtl~ deterrnmatam -All plates were rnea$ured 111 two clirechons with a Hllyer 
,,,parator and the wave length measnrementa were made relative to Intornational Seoonddry Standards in 
the spect,mm of the Iron arc For tho rwon below 3370 A the iron arc waveleilgths published by Bun16 
were used In the c u e  of the pnsm apectrograma the wavelength8 were calculated by means of Hartman e 
&gperglon fomnls  A=& t- - vhere Xo c and n are consbnb determned from the comlxlrison spectrum 

n the distance of the unknown lme from a fixed point of reference on the plate 9pectrobram~ obtmned 

mth the grating are m a n r e d  by nemg a linear scale 
Intenfiity egtlmatea were made drrectly from the plates a0 vlewed in the mcwnring mnlciogcope on a gmlo 

of 0 t o  10 The vacuum wave numbers correapond~ng to the observed wavelengthhs drsc takcn from Kayspr 8 

Tabelle der Schwmgungsden and are Bven in column 3 of Table 1 I n  column 1 are given the  observed 
wavelengths in I A In column 2 are Sven the intensity eetlmates in column 4 tho  s&cs ol lonlgatlon 
of the prormnent l m e ~  and in column 5 are given the lines claaeified in this inveetigatlou The symbols 
accompanymg the intensity valaes have the follomng meanings - 

s = sharp d = &&fuse bd = broad and &Erne and dd = very diffide 

W 
wa In% umber cw ma-= 

IV 6 D --7p P 
I V  6 D --7p P 
IV 6 D -7p P 
IV 6 D r 7 p  P 
IV I P --2 B 
IV 1 Y -1 D 
IV 6 *7p De 
m 1 P-lap 
IV 1 9 -1 P 
III I T - 1  D 
I I I  1 8-1 P 
rv 6 Pa -7p *P 
r n 1 . P - 1 D  
In: 1 P-1 0 
IV 6 D r 7 p  P 
IV 6 D-7p D 
IT 6 D -6p D 
IV 6 DrBp F 
m' IT-1 s 
Iv 1PP-1 D 
m 1 P-1D 
rv 1 P2-2 S 
m 1 P-1-F 
Tv I P - l D  
111 1 P -1 P 
III 1 P - 1 s  
m1sp r F  
Iv 6 W 7 p  D 
rn 1 FB-1 D m I P F - l J D  

1%- lQ 
l[V 6 D --6p F 
17 6B1 D -6p 
f~ 1%-2 P 
IT WbD+?@ P 

1&---;1 P 
Irr: lT-if3 
IV 6e' D t G p  D 

1439 2 Id 69478 1V 6 De-6p Pg 
15/%1 20 64387 IT1 1 8 -1 P 
16978 0 63686 I11 1P-IDg 
1610 1 1 62107 1x1 1 P -1 D 
1711 1 4 58442 111 1 P -1 De 
1749 9 1 57146 IV O D ~ 6 p  F 
1826 2 0 64769 IT1 1 P -1 8 

T h m t  me s b g ~  her 
206043 3 48618 0 
2088 66 2 47864 8 I 
210441 2dd 47604 f 
2107 73 bdd 47429 3 
2110 76 3 47361 6 
2114 98 ldd 47266 8 I 
2132 21 7e 46884 8 
2142 €# 6s 46652 5 
2152 64 4 46489 9 
2169 86 lObd 4G0714 
217461 Odd 46970 8 
2178 72 Is 46884 1 
2189 76 6 45662 8 I 
219243 2 45697 2 
220362 8dd 46365 7 I1 
221821 3 46067 3 1 
223748 8b 44679 d I 
2242 67 6 44676 8 
2246 83 lObd 44493 3 I 
2264 13 3dd 44349 2 1 
2/59 76 Odd 44238 8 
a26473 Is 44141 7 
2276 68 3s 43911 9 
2NQ51 1s -6 3 
2287 5B lbd 43702 0 
2290 17 Odd &614 
2@3+02 lbd 43697 1 
2'29416. 0 48576 5 
2296 66 2 43628 2 1 2300% 4s 434682 I V 2 P - 8 ' 8  



Int. 

Ohcl 
Od 
2dd 
8Ld 
1 s 
oil. 
1 (Id 
2d 
0s 
3s 
2s 
4s 
711~1 
38 

7 bd 
Gbd 
0 
( I  
0 
8btl 
2 s 

I l)bd 
10bcl 
2 
(3 

3 
2d 
Rd 
'LB 
2 
3dd 
:Ida 
3dd 

10 
G 
8 

10 
C, 
G 
3 
3 
3s 
O(1d 
48 

10 
5d 
0 
Gd 
3d 
2 
2 
2 
2 
4 
1 
0 

10 
10 
10 
10 

2 

Wave 
num bsr 
in em.-l 
433 1'2.7 
432269 
431:17-6 
438G!)47 
42054.1 
rld4G9*5 
42356.5 
4'2207*:! 
44176.4 
4.1 90:-$*8 
41 ti9H.2 
418436 
4 1 i(i0.6 
41 1358'1 
41 049'8 
4 1 450 1 
4l:'17Se9 
41:330e0 
41938'0 
41 1 (i1.H 
41078.I 
&O!)U$'G 
410865.7 
4( 1585.2 
403(;9*3 
40:!l:3'2+7 
40083 0 
4l)OliH.R 
401 )33.4 
:5:)H404 
8955'3.H 
49461.1 
1I!)CYH'8 
3901 47 
ilHO21.D 
387KK'l 
:\*247*4 
382400 
38035.1 
:3781)9'0 
!17888'G 
37860'2 
37719'9 
37623'1 
37637'2 
37059.0 
50851*2 
36789.3 
3(i7542 
SG575.9 
36557*9 
3(;621imG 
864740 
36412'4 
363245 
3627G.3 
f35678*3 
35409.8 
35286'4 
34900.6 

IT, 
IY, 
IV.  
1x1. 
TV. 
It. 

8t:~go and clnssificatiou. 
Wave 

number 
in cm.2 
34855.0 
34792% 
34032 0 
33894.7 
33570.0 
332942 
33210.8 
33133.0 
33042.3 
83007'1 
329755 
32843*1 
32749.0 
327040 
33644.5 
32547.5 
32383-2 
32361.8 
32217% 
32152.6 
32060.8 
3 1943.5 
31859'5 
31780.3 
31471'2 
313243 
31097.0 
31037.3 
30978-1 
30938'3 
30853'3 
30827+3 
30782'2 
30643,4 
30514.9 
80485.6 
30478'2 
30313.3 
30209.9 
29749.8 
29739.3 
29701.0 
29085% 
28950.0 
28933.8 
28758.3 
28698.9 
28519.5 
28317.6 
28288.0 
28076'0 
281357.8 
28040.5 
28025'5 
27981.4 
27876.0 
27848.7 

27824.4 
27608.1 
27467.3 

(I.A.) Stage and cl~ssificaiiion. 

IV. 
111 1 3 ~ ~ - - 1 3 ~ ~ .  
IV. 
1V 12Da--ZP2. 

I. 
ITI. 
I I1 laDg-lap3. 
111. 
111 18D3--13Fd. 
111 13~3-13~z,  

I. 1x1 PPl-23D2. 

111. 
IT 18D3-23p. 
111 S3Pl-%'Dl. 

111. 
II. 
111. 

I11 I1Dz-11 Fa. 
III la&-13Gs. 



Wavelength Wave 
(1 A) Inb n-bn m i i ~ e m d  o l ~ n d c d ~ ~ l l  1 warfy 

om 
lbd 
8d 
0 

IOd 
4 
10s 
88 
Obd 
3a 
5dd 
2dd 
4 
7 

10s 
1 
8d 
8d 

IOe 
lOd 
1oa 

l a  
Cid 
3-b 
Is0 
8d 
$a 
3 8 

9s 
8e 
3d 
1 
h 
1Md 
8s 
Mb 
za 
rn 
Bb 
3db 
7s 
4B 
8u 
Md 
10 
8e 
I0 
% 
w 
3e 
Y 

27400 I 
a347 8 III laB'~-laG~ 
27272 6 111 
27229 3 I 
27205 0 111 18Fp--1'Q-a 
271& 9 
27098 2 111 laS1--21P1 
27022 9 
269740 IX .2'Po--2 '8, 
269188 U: 
26879 2 
26808 8 2aPx-FSL 
26759 2 
26729 6 
26664 7 
26404 2 11 
26118 2 T1I 21P1-2 8Ds 
260823 III 2'P1--0: 
26021 9 IJI 2aYe--2aP, 
26989 0 IIC laSL-PPe 
26811 0 IV 
26573.9 IV 1PD~2tS' l  
26462 8 
25349 2 
26298 8 111 laPO-2'~o 
25228 8 
215~24 1 
24966 8 
248W8 3: 
24?9 8 
24786 8 
24685 1 
24886-8 1: 
28BP@ri I 
2 W %  
244sm 
2a;Z;Qo Ip 
24B87 UI 1aPl-2apg, 
z4m 6 
2 9 W 8  1: 
289488 I l X  laDg--laFa 
233030 IV 2*B1--2BP1 
2 IT 
w 9 9  IX 
2 W 8 B  I%Z lXf)r2lP1 
22m8 3UC 
227a9.0 'IIZ 
22mw 

IIL 1%--28Ps, 
a21m 

Wave 
Int numbor m Stage and dad$@#& 

om-l 
3d 22046 8 
70 21868 8 111 2aP2--#S1 
3ed 21708 1 
6s 21686 8 
8s 20998 1 11 J laS1-2'PU 
G A 20836 6 111 1'81-2aPa 
6s 20818 1 
0 20710 4 111 2lP1-28Sp 
1 20590 7 
1 20462 2 
Id 20232 7 
30 19980 1 XU 2'P1-3 
6s 10071 8 

I0 19823 1 11 
3s 197463 0 DI 1a&-21Ps 
3e 19739 0 
2sd 19636 I 
28 19452 0 
6s 193604 IV 
ba 19253 O 111 191-21& 
6a 19219 3 
6d 19199 0 111 I ~ F , - - ~ ~ P ~  
2dd 1'3150 2 
3 d 14099 9 XI1 1 8 P L - - 2 8 ~  
4p 18903 8 IV 

10 18607 G I1 
1 182706 11 
1s 1E 188 0 
6s 18099 4 PI1 laDr203Baq 
1 18090 6 
10 18028 9 II 

17823 0 TI 
lo 3a 17649 0 
9s 17608 4 
8s 17604 2 
2s 17516 4 
4s 17297 0 111 ll&-gap5 
3sd 171634 
6s 17067 1 IT1 leDs--P&, 
7d 17011 8 TI 
Be 16972 3 
6a 16964 b 
2s 168679 
2s 16827 4 
6s 16666 1 
5s 16654 1 
3dd 16437 9 11 
1 16069 7 
8a 16010 5 U: 
3s 14717 1 II 

d;Ef~& kio be ~p&qogmme and wavelength memnrea obhned by the author, t h e  wavdB#&&bf ; *a, ?A;,: ' l , d ,  $4i n1 

Omol  ~~~&&sqJrihsm been wed for the regim 2100 A 

@i&&wn fl Pb 111 

aonslWo# &Q&&S and W@#&b aaa &at Wtb mcture  resemble0 generally that of t h e  chemmdl 
atom M w 0 In, Si ZTI, ae nI, an8 Sn 111, AZ I1 Ua 11, In I1 and T1 11 All these, ex&@ 



Pb IV, have already been analyseil. The present work on pb 111, Pb IV, therefore completes our knowledge 
of the series regularities in the sparlr spectra of elements of the folnYth group, According to the theory of 
spectra developed by Panli-EIeisenberg, Rz~sael and Hzulcl, tlxe clit~~acteristic terms arising out of any 
electrolzic coilfiguration can be preclictecl with cer~tainLy and it  will be seen that the results of the analysis of 
these spark spectra are in complete agrerxnent wit11 the theoretical preclictioas. The structure diagram of 
doubly ionised Leacl map be written in  the following xnanner :- 

TABLE XI. 

There arc: two electrons ontsicle the conlplete spectroscopically neutral shells, which alone are effective ln 
procl~zcing the optical spclctrum. Tlxe inost slal~lo si,ructure is that in wlzich t11e two valency elect'ons are in 
the PI level. 'The spectroscopic tcrm corrc?sponcling to tliir~ config~xration is '8,. Otlier less stable configura- 
tions and tlieir cl~aracteris.lic terms are obtained by kocping one of the electrons in  the PI orbit and allowing 
the other t o  run tlirouyl~ the orl~ita P,, QI, 04, etc. Tlzo torms that these different electron configuration give 
rise to, may be predictecl by the IXnncI Tllcary c\ncl SLXIC alzown in tho following table :- 

Terms 
obaemed, 

1Pi l&S 2 ' ~j, 2 ‘ ~  2'D, 2'D 
2 Pa 18iT, I'D, 'S 18F 

The first clue lo tlla iclentificatiolz of the t r i p l ~ t  s y ~ t e m s  in Pb. 111 was the cletection of the fundamental 
group I'D-18F, whicln. slzoulcl occnlb in thc visible ancl quartz regions and which coulcl be examined under 
different experimental conditions. Observation$ have also been made in  the visible region with a prism 
spectroscope to find. the intense triplet lRSj--2 RPola. The reault is the identification of tile prominent triplet 
given below :- 

TABLE IV. 
A h d i  , u 

3854'05 12 25939'4 
4761'00 6 20998'1 
4798'27 4 20835'0 



The choice of this 1s further suppoi tod by the detection of the member I 'DH-~~P, in tha calcalated 
lapion aud by the identificahon of the t~iplet  2n P P - - ~ ~ S  of the sharp secondary seriea The 2' P ~epparation 
(4941) 1s found to be in complete agr~ement mth the value predicted from the relativistic donblet law 

The first principal, sharp md &Ease serles fall in the extreme ultrav~olet which does not lend itself t o  
caiefnl exarmnation of the lines Attempte were therefore made to fix by extrapolation and then to cjeek for 
confirmtlon by correlating the aorresponbng members of the spectra of coireapondlng clementa A very 
valuable clue to the detection of these members is afforded by the applicatxon of the relativity l a w  to ~soelec- 
tron~c spectra of Hg-hke atom 

dn approximate idea of the laPo separation waa obtmned from the iegrnlilr c'ioublet sequence and from 
the relation that in the spectra of the same vertlcal group of the penodic table f $) 1s approxlrnatt lp 
constant These a v e  for lnPP,, a valnt of about 14000 and for 2'P,,, a value between 4000 and 5000 

The follomng table showd the regular doublet sequence for ITP,, and 2n PP,, separation8 and the value of 
($$) for elements of the same vertical group - 

TABLH V -RBGULAR DOUBLEIT SEQU~NUE 
laps separahon ~ A u  gPl, ~ a p m t i o n  M A W  

Bg I 4630 6 8 25 1545 b 6 27 
T1 I1 9339 9 83 2839 7 30 
Pb III 14595 10 99 (4941) 8 40 

TABLN VI -VARIATION olr &/ZS 
At No Z Element PPlsi AviZa 18Pd AuIZg 

6 0 I11 13 8 356 
I4 81 I11 78 16 373 263 1 342 
32 Qe I11 459 448 lb42 1 GO3 
50 Bn I11 1222 8 491 4031 1613 
$2 Pb I11 (494~)  60 14595 2 171 

The apphcahon of the h e w l a r  doublet law t o  Hg like atom inho~ted  that the probable position of 
18ps-ln Sl 10 at u 70000 nearly In applying thie sequence the method of MilIikun and Rowen la adopted 

ahown below In the nsaal notaidan, the irregular doublet law may be wrltten arj follows -- 

When a llne reaulte from t-~it~on between orbits of two &Eerent total qnantnm nurnb~rs, (n. & nl) we 
get from the above equebon, by tran~posltlon 

The expremon on the left vanes therefore linearly Wth the atomic number Z, for any mven 8et of values 
In the aaee of 1'Ps-luSEI, of Hg hke atom n,=6, n ~ 7  and A=79 The progressive mriation of 

Wmla nambers ~ra shown m the foUawrng table - 
T ~ B L ~  TI1 

At Nu, l&men% w (I~Pe-u%,) vl=u-8083 (ZA)3 Dlff erenoo 

&- have &so been lasde, by the appb&~on of the hogley law to the spectra of Qe 111 & Bn IXg 
web of %me &tome, t o  fix the tbspproxunate poslhon of this bp le t  as tr cheok on the irrqgalbX 

A 



doublet seqnence. A careful search was then made for the possible triplet 1 ' Po,,--1 among Caroll's l8 

measure;4, below 1450 h, having in view the relative order ancl magnitude of intensities and the probable 
ratio of intervalg between the lines, wit11 the that the following triplet was fixed. 

TABLE VIII. 
A Int. Y Combinat ion. 

1406'6 2 71093 1 s~a-l 8 ~ 1  14595 
1167'0 4 85690 I 91-1 Sl 3994 
1115'0 2 S968G 1 90-1 51 

Evidence for the possibility of this being the triplet in question is so~~glxt by searching for the complete 
six-line mlt iplet  (diguse) 1 ' P-1' D. 

The triplet 2 "8-2 ' S1 being fixed in the cage of Pb  111, attempts have been made by the applicatioll of 
the irregular doublet sequence to locate the corresponding triplet in the case of T1 11, which has llot been 
identified. In this case /a, ,a 8, nl = 7 and A = 79. 

R (9z$--?iLa) - -- 
?h2 ?laa 

- 584'61. 

The sequence is- 
Z ~lclinonf, U .  ul=v - 524.6 (Z-A)2, 
80 Hg. 1 2753'6 ,2229'0 
81 T1. I1 . . . [9690] 
82 Pb. TI1 218G8'8 17146'9 

Tlze interpolated value of v1 for 9'1 I1 is v' = 9G90 ( & 500). 
.'. v = 9690 i- 2097 ( .I: 500) = 11787 (& 500), which is in the infra red, at about 8500-A. 

A very intereating feature noticod in tlze spark spectrum of Lead is the partial illversion of the triplet F 
term, 1 'Fag being negative. The location and iclontification of  the completo six-line multiplet I 'F-1 SG, 
in approximately tlze calc~lated position is sl, strong evidence as to tho correctness of the identification of the 
'F terms. 

The singlet system of lines is generally the most; dil%cnlt to work out. When this analysis was first 
+nndertaken not much progress could be maslo tI2; first in tlze identlification of the singlet spectrum. The strong 
line 1048'9 (12) was ~uggested as 1 'SO-1 'PI nnil 1553'1 (20) as I 30-I 8P~ .  While this work was in progress, 
the autllos's attention waa cIraw11 to  B similar publicatioi~ by Smith "! Although there is good agreement 
between the results of Smith and those of tlxe 811thor, there is disagreemoist in oiie or two important points* 
Smith has the follo.tving as I 'P-1 'S al1~1 I 'P-1 'I?. 

l P ~ ~ ~ ~  IX. 

1 SP2, 1 =PI. 1 8P,. 
' SI 76447 (15) 91047 (10) 95036 (7) 
Po . . . 78157 (15) 
PI 71095 (12) 85694 (15) 89687 
F, 85833 (15) 100428 (10) 

It was pointecl. out in a ilote communicated to Nature "",?that evidlently Smith had the author's 1 'SI as 
his 1 "PI and that 1 suggested by the writer was further supported by the location and identification of the 
second series 1 S -2 'P, L D-2 p $ 2 P-2 S. The 1 P-1 S suggestied by the author followed the 
irregular doublet law for the isoelectronic spectra of Hy-like atoms more closely. The author therefore 

suggested that an interchange of the two levels 1 Vl & 1 81?, of Smith would bring the whole scheme into 
alignment, Attempts have also been made by the writer to identify the singlet spectrum, the results of which 

3 



have been pnblrshed in a paper 8mith14 has since published another paper on the second spark speo-m of 
lead, in whch the suggeeted mo&ficshon was adopted There are shll however two manl polnte of d ~ w a e v  
ment between the cla,esificaiaon of the mter and that of Smith The term v-101434, olaaslfied by 
antho1 as 6s 6d IDn  la cwif ied by Smlth ag 6s 7s '80 Smth classified 1768 67 (5b540) as 1 'PI- I'DI, while 
the wnter classified 1711 1 (58442) as ths combination It an11 be seen from tho irre~fnlal hublet seqaenoe 
shown below (Table X), that both I 'P, - 1 'D, and 1 ID,- 2 'P, idmt~fied by tho 15 nter  show a disbn~tlg 
better progr~saion than those of Srmth Further the lme 1 'PI-1 ID, ehoald be a strong line It 18 found 
that moat of these strong hnes of the tmplet and singlet syatems rue found in the wavelength mnaeura of 
McLennan, Young and Ireton, Bloch and Lang But the lme 17b8 6'7 identified by Smltl~ as 1 'I? - 1 'D i s  not 
recorded by any of the prev~ous ineatlgatom, whle Oarrol lnclndea it ag one of the hnes belonging to A1 
These co&dmIaonr~ inhcate that the wnter'e classificahon and identification of 1 ID, 1s marc probable 

From the b-ng of this inveahgatron of the analysle of Pb III,lt was felt that V 'I? group should br 
strong as in the oase of the chermcdly analogoue atoms 01 ion0 1 'DL aud 2 terms of Smith are probably 
1 'P, and 2 On k a  auppos~hoon 'P group and the remlbng comblnatlons hxve been idcnhfied by the 
author, thus snpportmg the valihty of the writer's ident.lfication of 1 'D, term The term values have been 
deterrmned by assum~ng 1 TA= 64 800, (r = 7200) The resonanoe and lomeat~on potentials a 7 06 a d  

9 
31 5 volte respeebvelp, the large& team 1 '80=255216 The details of the tnplet and mnglet flg@*- 
d~~ m thIB rnvwktgah~n am given m We acoompmylng tables Table XV glves the ~ ~ n f & m f o * s  and 
tam d u e s  fh Ti EI and W ILI and Table XVI Oven other uaclaifid members of ' PU diff ereacres 



TABLE XII. 

79202 84143 84307 

lql 3854'11 47 G 1'0 4798'27 
105141 25939 (10s) 20998 (8s) 20835 (6s) 

2% 457 1'45 3729'06 3706'22 
57334 21868'8 (7s) 2C;SOS'S (4) 26974 (3) 
lwDs 5857'59 (6) 

96872 171Ni7'1 obs. 
17070 cnl. 

lS D~ 5523'5 (5) 
97304 J 809!3'4 obs. In£. red, 

18102'0 cal. 

In£. red. Inf. red. 

1% Inf, red. Inf. red. 
90407 

13R 4141a5(3 5207'17 5252'33 
103332 24139 (3) 19199 (6) 19034 (3)  

TABLE XIII. 



TABLE XIV.-SINBL'EIT FJYSTEMS. 
Y Y 

ClaseSc~tion. A Int. Observed, Calculated. 

115r18~l 1553'1 20 64387 m * 

118p-1'PL 1048'9 12 95338 *. I  

1'Pr18SI 1826'2 0 54759 54737 

llPl-I'Da 1597'8 0 6258't; 63577 

llP1-I'D I 16 10'1 1 62107 62103 
l8S1-2'Pl 3689'22 7 27098'2 .om 

2 1 ~ 1 - - ~ 8 ~ 1  4827'1 1 20710'4 20709 
z'P,--~'D, 3827'66 8 2611.8'2 . 8 b 

I ~ P ~ ~ ' D ~  1118'6 3 89397 89893 
lZP1-llDs 1711'1 4 58442 m e -  

1'~,-2~P, 4272'64 8 23398 23393 
I ~ D ~ - ~ ~ P ~  4496'12 8 22235 22234 
I'D~-~~P 5779'75 4 17297 17294 
lSD1- PI 51 92'29 4 19254 19260 
l8DS-2'P 1 5062'90 3 19746 19741 
I'Drl1Fp 3560'75 ti 28076 a * *  

I~D,-~'I?S 4174'38 4 23949 * a )  

28~I-a 3832'94 10 26082 .#..  

2'Pi-4 5003'59 3 19980 ).. 
1 Q4-8 4182'84 8 23903 I * -  

llD,--fl 3567'16 3 2802r; *.. 
The term a above is probably 2'4 term, while f l  is of the nature of an F t ~ r m  and is probably a'F. 

T ~ B L ~  XV.-CO~~~;FURATIOBS BND T ~ R M  VALTJEE! NOR T1. T I  RG Pb. IEL 
E!dron configar~~tion. Term. Term values for T1.11, Term value8 for Pb. IIL 

2 3P1 ll&, 164227 255216 
lPllPs J8P, 102499 176234 

111837 190829 
114784 196823) 

llPl 88565 159879 
1Pa's 18Di 47403 96272 

81>s 47797 97304 
'Dl 48082 97785 
'DI 49064 1014% 
la S, 59008 10514 L 
2'81 * * ?  57334 
2Vps 42199 79202 

'PI 44650 84143 
44866 84307 

2'P, 38020 78043 
2'D, 26023 A3179 

26172 58628 
a D ~  26300 58827 

ZIDa 27338 
18P, 

53063 
(28000) (64800) 

' %8114 65443 
B% 88014 64941 
1.33 , o e q  73358 

IaU&. I . 4  36280 la, 
"GS 

; ! *  36742 
r 335% 



T A B L ~  XXY1.-OTHER TJNCLASSTPIED MEMBERS OBI Pb. 111. 

Trjplet number 7 is identified by #miLh, recently as 1'1'-2% 8; bnt the line 137491 classified by him as 
18Po-28S1 is not rocordetl eitlzrr by Carroll o~ Mack. 

~Ypccls*,lcru oJ' Pb. IV. 

The first a~zcceas.fnl aitempt bo fjnd surics rtjgzzlarilies among the warrelengths of trebly-ionised sppctrurn 
of lead, was that mado by Carrolln, who itlolltilied tllc iirst; ~nernl~ers of tlze principal and diffuse series 
occurring in the vacuum giuating region. In CI, ~ ~ ~ c c n t  cornrn~~nication~, the present writer set .fort11 thc leading 
members of the secondary aeries, whi~11 i n ~ ~ y  bo exyjectt~d in kltllr! rryion of longer wavplengths. 

The term structure of tlie spcctrum of 1?h. X'V is gonerally similar in charac.ler to that of any chemically 
analogous atom or ion. Of thuso tho sycoL~*a of Am 1, Hg 11 and T1. I11 ancl those of Ge IV ancl Sn IV have 
already been analyaed to some extont. V c  havo i11 I;lit: tdorn of L3b. I V ,  a one electron system, which ilormally 
gives the simplest type of alkali-like cloub1e.l; spectrum. AS tho cloctroia runs successively tl.~rongh I?,, P,, P3, 
Q, . , . shells, the terms I, $5, 1 'l', 1 'I), 2 'S, c~c . ,  arc oblainecZ, the" largest term being 1 'S,. The 
more complicated scheme of dou'lslobs and qusrtuls rcsnlt, wlze~z one or marc of the inner group of 10 03, 
electroils is excited. Tha terrrls which. different elcctron cor ~ligurations give riso .to may be calculated accord- 
ing Lo the principles devtiloped by lzauli, Hcist:mberg & Hnncl and are given in the following table. It will be 
geen from the table that corresponding to tho adcliLion. of an c?loctron Lo the three differeat states (IS, 'D, 'D) 
of the Pb V core, three distinct Eamilir5s of ternzs arise. 

T A B L ~  XVIT. 
-- -- 

Term 
profix. 

6~1 
6~ 
6d 
68% 
GpX 

Gdl 

K L M N  

1x. .# . . . . .C 

60 
60 
6.0 
60 
GO 

60 

P 

Ci I lir / 63 

Terms predicted. 

2 5  
?I? 
aD 1 .I 
SD 
D I? 

aP D I? 
2P D F1 
4 S P D l ? G  
2 S P D F G  
2S P  33 I? G1 

0 
Series limit 

Pb  V term. 

IS 

3D 

8D 

3D 

1D 

5, 

2 
2 
2 ( I )  

(1) 

\ 

(1) 

l(1) 
1 

1 

(1) 

hr 1 6 3  / 51 / fia 

6 
6 
6 

2 6 9  
2 6 9  

2 6 9  

10 
1 0 1  
10 

1 



The analys~s of Uu I Zn 11 An I & Hg 11 has shown that in aciihtion to the regular doublet g y m  
b u t  on the d 0 ion there another important fam~lg of terms bu it on the d9g 1011 chha~aoterised by doaMet 
and qnartet term The deepest te rn  of the  system ie a mehtable D term which i s  inverted and vw 

low The ~epmtlon of thlg deep lying D (dg8 ) term can be found ~pprox~mattly by the relativhth 
doublet formala and by s knowledge of the D (dga) difference of the next higher lon As both &@MI 

sources of nforrna-hon were avmlable att mpttl were made to  ident f y  thlg inverted D term Further in 
Cu I Zn TI An I etc The m~t&,able D teim fl found to combine stronbly with the rogulw P 
(d p) and rmth the quartet terms a ialng from the dnfip conflgurat~on 1he rtct nt analysis of the esoond 
spark epect am of Thallium by the author had shown that these terms are tonntl 11) tho spectrum of T1 I@ 
Bftar the pnbhcation of the above menhoned report by the m t e r  Smith published a prelimlney rep& of 
a mmlm inv bgatlon where he suggests an alternative clnseification which without adclucing sn y rwm 
he mentione as more p obabl From the apphcation of the lelativletic doublet l ~ w  to iaoelectronio s p e w  
(Au I Hg I1 T1 111 and Pb IT) and from a ~ t u d y  of the progreseive vanation A Z 111 the h o m o l o w  
epectra C IV B IV Qe IV & Sn I V  it wag thowht from the bc ginning of this investigation that (28P,-B 
should be of the ord r of 7 000f600 With the ~ l d  of the inform?tion avnilabl~ to the author ragardlpg 

of ionmbon of the spectral 1 nes in the v ~ ~ i b l e  a id quart7 rebions B ~earch ~ v a ~  made for the fr6quenq 
recwence among the Pb IV 1 nes and it was found that there were three alternative schernes ae oon&$uw 
the probable doublet syatema wth (2 P -2 P ) = 6838 7131 8063 respectively It ie the pairs of tfie h& 
lengths mth the last menhoned frequency difference that w ~ r e  yivrn by Smith as the mom m$~& 

A 
12elahvlty doublet sequence and progression of for the doublet sepa~ntions are mvon in 

and XX The doublet ~yst;emg classified by the m t e  ale glven In Tablo XXI 

TABLEI XVIII --PAIRa WITH FR~QUB~NUY DICFFIURENUI 9 

TABLEI XIX -REGULAR DOUBLNT S~QUBNUHI 
1 Pla #A 2 Pl2A 

Au I 
W A  

3815 7 859 
Hg 91227 9 773 3672 7 76 
TI I11 148U 11 031 5682 8 60 
Pb IV 21060 12 047 7130 9 17 

T A R ~  ~--VARXA!I!ION OF DOURLIJT Sl3PARATION WITH A 



In the first placo it should 110 rnuntioned. that 8,063 givcn by Smith as 2 2P,B ig found to be abnormally 
high from the relativistic d.oubJct ricquence f r o u  thr, progrcssivo variation of A V ~ Z '  in the homolagous 
sg cctra, as shown in the proceding tables. Further, justification for the cliff erence 7130, reported by the 
author is aflordecl by the location and iile~~tilicntion of the following triplet as 6s' 'D-7p 'P. 

dx"p/dQiP 21019 Dg. 

I , ,  804'55 (I) 
(71.30) .. , 124293 
"a li55"82 (3) 7G0'90 (0) 

152439 131420 

There is no evidencc of n ~imil;ll* coml)ination wii,h ( i t , l~er  of the rtmaining two separations. That the 
rlifference 21010 cm-' rttpresents tho diflepcncc 'Ds- =Da (clPsa) of 13. 1V sepnls t o  be confirmed by the follow- 
ing comparison with aDla (das) of the nrxt lligher ion. 

CIZ. Ag. Zn. Cd. TI, Pb. 

2070 4574 2751: 5764 18865 21300(?) cZVs 

2043 447 2 2719 5635 18618 21019 @s" 



The oombmnat~ons of thls deep lylng Inverted D term with the quartet terms of t h e  group (dudp) 
mven in the follomng table - 

TABLB XXIV 

71033 

1749 9 (1) 1279 5 (3) 

5714b 781637 

1439 2 (2) 1104 R (od) 

69478 90510 
- --- L - - 

D ~ w o  2 (el 
76441 

D 14371 (Id) 1103 6 (od) 

69585 90613 

D 1233 6 (j) 979 47 ($1 
SlOGS 102096 

D lo96 5 (Id) 
91189 

Usem la) 1059 a 11) 

78381 94400 

I087 64 (2) 884 Q8 (6) 
91968 112997 

Szcmmalry and aa~lwzons  I 
" --*, 

The epnrk spectrum of Lead has been nhotqgrpphed fFom A7000 to A2000 by using powe1fal11r clll lJ4crDI 

mth a qnarte spectrograph and p $0 feet concave grating aging iron arc ad the standard Many n@ 
have been measured mostly produced, by tbe higher atages of ionlsation The wave nuill berg 
mtenmhes together mth the r r tag.0~ of bnlsahon of the prominent ones havr bee 1 tabulated 

A oritical dBerentntlon of the lines kelongng respectivs~y $0 Pb I Pb I1 Pb I11 Pb IV result& 
a mrRFa$-l fl~rnha? ~f the p~edFa ~b@iwd under v ~ y l n g  degrees of excit@~on 

TM pwlyfla of the geggqd an3 tbQ spectra ~f the element bas been dieeqefled I 
theorehcal expectahons and with the accurate nnd extenslye dpta a$ hand xt baa been 
etrnctures of Pb 111 and Pb IV are in all detaila ID complete agreement with Hand s colrelabon 
term6 mth eleotron onfiguratlons 

The present andysi~ illustrates in a very convmang manner the utility of the study of the 0p 

element under varylug degrees of &charge 
In oonalnsion I w* to express p y  gralxtude & Dr T Ragas the Director of the KoWk 

vrctory and $g Dr A. & Ngpayan the hplptant Diregj~r for then ptive interest f l  much 
thronghontj the progrw pP the work #ly fhankg p e  also due to t h ~  Synd~Me of the M 
for the award of a atudentdup whoh has made tba work posslble 
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Expln?zcxtl:{m c$ plates. 

l: and I1 Spark Spc?c.lre o f  Lcstl, Cozzcave Grating Spectrograph, 
111 and IV Spark Specbra of I~oi~il,  Quartz Hpzctrograph, with increasing inductallce a, b, c, d. 
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PLATE I. P~>ATI.C 131. 
PL, (cone. grating.) (Pb. conc. gr:tting,) 

PI,ATE 111. 
(Pb. quartz.) 

PLATE IQ. 
iP b. clunrtz-co~~t.) 
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