
BULLETIN No. XCIX. 

ON TIID RESONANCE IJ1,INE)S OF TEIALLIUM AND THEIR PROBABLE 
ABSBNCB I N  THE SUN 

Abslt~1act.--Using :t apociallg constructcd vacuum arc containing n two per cent amalgam of mercury and thallium, the 
wavelangths of th:: two resonlrtnca lines of Thallium ~ ~ 5 3 5 1  and 3776 (62P-725) have been ddtermined by the interfdrometer 
mothod and tl~oir intensity variatjorl with current has b ~ e n  atudied. The fine structure of thcse lines bas been investigated 
by using a qunrtz Lurnmor-Gt ,hrolco plnto (8 rnm x 200 mm), a, glass Lummer-Gchrcke plate (4.8 mm x 135 mm) and etalons 
of fusod silica platcs 2 and 2.5 mrn i n  thicknoas. The probahilitly of the existence of thallium in the sun has been 
di~cnssed, 

Tho identification of Fraumhofer lines with those of elements known on the earth is of special interest 
and irnportai~ce in view of tho E;~ct that, apart from other things, it tells us what constituents are common to 
tha atul and tlit? earth. Ont? of t h o  important methods of identification is basecl on coincidences with the 
solar lines. It requires accurate cleterrnination of wavelengths. ThalliumX is represented in the solar 
~pectrnm by the two lines 5350.505 and 3775.712 of intensities ( -  3) and ( -  2) respectively which are the 
most persistent lines of the element. Tlze existi~zg laboratory measures are correct only to two decimal 
plncos. Owing to the fact that tho )~ r~ssu rcs  in the roversixlg layer and chromosphere are very minute the 
wa.velengths in t h ~  vacuum arc should furnish an accurate basis of comparison of laboratory wavelengthswith 
solar wavelengths. No atkempts ~ L V Q  thlis far been made to determine the wavelengths of these lines in 
vacuum. In orcler to cletermine whether traces of thallium are to bo found in  the sun by a more accurate 
investigation, experiments wzro sturtecl by the author to cletermine the wavelengths of the important arc line8 
of tl~allium in vacuum and Co study the behsviour of these lines under different conditions of excitation. 
In order to eliminate splf-reversal an(1 to produce ~lharp lines, a special type vacuum arc lamp (pig. 1) was 

Fig. I. coastructed. It was made of pyrex glass into which 
Hg - Tl vacuum arc. tungatell electrodes were sealdd. The side tubes carrying 

tlze electroclea contained a 2 per cent amalgam of mercury 
and thallium. 

The cathocle was throughout kept cooled by surround- 
ing it with running water. Owing to the very low partial 
pressure of thallium the lines were found to be extremely 
sl~arp. At the samti time the lines of mercury served as  
standards of comparison for wavelength measurements. 
The wavelengths of the lines were determined by using 
fused silica etalon plates of different thicknesses. The 
ring system mas projected on the slit of the Spectrograph 
by means of an achromatic focussing lens. Besides this, 
photographs were obtained also of the arc in air using the 
second ordpr of a parabolic grating of 11 feet focus. A 
12 mm Pfund type of arc with iron pole&, carrying a 
current of four amperes was used. A gmrtll q~lantity of 
the metal or its salt was placed in a cupshaped hollow 

Tn electrode; Tn elcotrode. 



in the lower dectrode. In thie way iron lines which served a@ s h d a r d ~ ~  were photographed Irnnlbneous~. 
It iia interestingto note in this connection that with smaller cono~nt~ation of Tl more ooneistent and reyrlar 
rawlte were obtained. The investigations .of Dr. T. Royda on the apparent tripling oE certain lines in the  
Arc Speotra (Proceedings of the Royal Society, A, Vol. 107, pp. 360-367) which showed that the hohaviour 
&P !€l 5350 line can be explained aa different  stage^ in the aelf-roverdal, will oxplain the reason for thh 
behaviour. 

Wavelmgth Determination. 

POT rays of light of wavelength A incident on an etalon of thickne~g t, a bright ring will br prodaaed in 
the fowl plane of the lenns if n + ~ = % t  cog, i. If a is the fractional part of the order of interfermce at the 
centre of the ring system, dp and (Iq be the meamred diamet~re of any two rings p and q of thc ayetern it a n  
be w i l y  ahown that 

The vslw of a can therefore be calculated from a knowledge of t h e  diameters of any two ring% l b t ) ~  
ing , the value of A can be determined from t h e  relation Z t  = no X = (a + .)k 

To determine the thickness t with precision, the  etalon wns first memured with ti gauge. The value 
wimproved  horn messnremenQ of known standard mercury lines. The following reeulta were obtained 
for the thicknew of the two etalons nsed in this investigation :- 

By me~urement.  By cfilonlation. 
EblonNo.1  I . I  255 mm. 2.55397 mm. 
EtalonNo.2 ... --. 1,99 mm. 2.0110 mm. 

&pwim~nts ahow that the penetration into the silvor film depends On the warvelength and the 
b t w m  the two film d e s  for ~ v e l -  t o  wmelength. This is interpreted aa being dne to the 
of p w  at reflection from dlvm which varies slightly with wa~elmgth. The wual method of f f n d i ~  fi;8sa 
d eorrdon req~llired on W wcount is by obtaining maurment6J for the m e  film but f ~ t  ddd@~@M 
&j&msa, In these experimenltsJ, it was nd p o s ~ b l ~  to adopt; tbia method ad the etalons were p h  paPrdbtinl 
@st& af aim. %bx lnavekngtb d a e s  of Hg, given above, the values of (phree-~hwrge) fa W@a%M 
m e b g t $ s  wbm obtained from the following equation :- 

men kh d9a for p W - 0  were obtained for each of the silverings oacd in them experiments, it 
mrprisittg to find that the deviations in the values o! phnse-change are deoidpdly large. Attempte will be 

e t i h w t l y  to @$it filw of railvw by cathode discharge and by evaporation in vacuum and determine the 
p ~ e o  d varisti~n of pbas+@na -The f~l lowiw mean values were actnally obtained for p h ~ b o h g e  I- 

e =  - .02Q f~ = 3775.7 
and e = - ,006 for = 5350.5 

&, WQ pwwnce line1 of Tl the following Hg l i n ~  were m a  
mBm*- 

*bd&fhm * b%hkhd rnsaememab of the diameters of the rings the probable error of 
is ffla M. be .M)3$A. In tbe fallowing table are given the mean values of the 

0 LPeasslas in mmmn am, bl tPe interferometer method:- 
b. am. In wn. Ban-Ata. 

fill?: - 7% 5850.527 Wm *rW 
6'R - 7% 2775.7241 8775.712 - ,012 



The mean values of A obtained in arc reversals by the parabolic grating are 

5350.4980 A* 
and 3775,7297 A. 

As the eEect of pressure on these wavelengths is not known with definiteness, these values could not be 
reduced to vacuum. 

In T1 as in tho allied ehmonts Rg and Bi, complex structure is manifest to a high degree. A stndy of 
the fine structure of the two resollance lines by the author has shown that the lines have four or more 

components spread over n range of nearly 0.15A. On account of this highly complex structure, naturally 
the accuracy of the results will by no means be tho highest of which the method is susceptible. This renders 
cornparisoll with solar lines cliffic~~lt. 

Experiments were tried to determino how the illtensity of these resonance lines, produced by the above 
method, varied with current. Exposures were taken with currents varying from 3 to 10 amperes t11roug.h 
the arc. The spectrograms were thon measured on a Cambridge Microphotometer for densities. 

If d is the density of the line, 

d=  log;, ? ' = l o g l o ~  
Xa TVa 

where I,, Ip  are the intensities of lighb I,through the blackened and unblackened portion re~pectively and w, 
and Wa are the ,elcct;rornetor ddlectioizs. In Fig. 2, tlie intensities of the lines are plotted against the 

Fig, 2. c-txrrent and it will be seen tlzat above 6 amperes there is a 
rapid increase in intensity with current. The increase is more 

8 marked in  the case of h5351A, 

Bvpojfino gt~uclz~qfie of the Resonnnco Lints. 

Several investigators hbve found from. time to time that the arc lines of T1 exhibited a fine structure and 

that the fine atructnre segal.ations mudl  smaller than the splitting due to the couplings between the extra- 
nuclear electrons. Fine strwture obscr<ed in spectral lines might be clue to ((I) the " Isotope Effect" arising 
from the difference in the structure of the nucloij. and (5) a spinning nucleus. In the latter case it is the 

interaction between the magn @tic nncleus and the resaltant mechanical moment of the extra nuclear electrons 
" J' " that contributes to the hyy~rfine splitting of the levels. By analogy with the spinning electron, a 

i h 
spinning nucleus is associated with. a mechanical moment ( = &) where i is the  corresponding spin moment 

quantum number of the nucleus. I t  has beell shown in  recent years that there is a close similarity between 
the ordinary mnltiplets and the hyperfine m~ltiplets .  The theory predicts that the fine structure separations 

* It is quite possible that this low value is due to the high density employed blending the main components. 
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To determine the intensity of the lines in the source in each 

~5351 case densi by-intensity curves were first plotted for the two lines in 
tho following way. Light from HpT1 vacuum arc, carrying a 

ateaily current of four amperes is made to fall on a ground-glass 
A3776 aclbocn by a condensing lens. Light from the central uniformly 

illnminatr(1 area on this screen is then allowecl to fall on the slit 
of tho sp~ctrograpll anci ~pectro~rams were obtained tvith slit 
~viclths of 0.4, 0.8, X,2 and 1.G mm and the same exposure times. 
The intensity of light coming through different slit widths and 
the same exposure as spectrograms is proportional to  the slit- 

. , ,  I 1 1 1 ~  width. The plate was microphotometered for density values. 
0 2 4 8 10 12 14 16 ~ntensity-density curves were constructed from these data at the 

Currant in am1.e. wslvel~ngth~ of the two resonance lines, 



follow the interval rule accurately From the hypothesie of nuclear spin several lnveatagatoig ohined 
mntanmty formulae whlch are found to hold good exactly in the oaee of sereial h f a There are, however, 
lmge ducrepmcies between the pr&cted and observed intervals even in relatively s~mple caaea 

The fine atructnre of the ara h e $  of Tl hae prevloualy been studied by Ruark and Ulienaults, by hok', 
by W d i  Muhammad4, and more recently by McLennan and CrawfordG, by Schular and Keystonu and by 
Jaclrson7 There seem to  be considerable d~fferencea between the resalts of the d~fforent inverjtlgatora The 
devlabom m some case0 are so large that it is hfficult to interpret them as such 

Flne strnoture patterns are not generally completely reeolved omng to the eeect of electrtc flelde and 
pregeures in brondenlng gpectral linea Owing to the extremely low parhnl piessnre of T1 vapour 113 the 
above ment~oned source, it was felt that it would he parbcnlarly nsefnl for the etudy of fine strncturo A 
eystemahc study of the bne structure of the aro hneg of T1, particularly the two resonance lines, was therefole 
undertaken by the author, using far the purpose a quartz Lnmmer-Gehrcke plate (8 mm x 200 mm), a glaae 
Lummer-Gehrcke plate (4 8 mm x 135 mm) and heed allioa plate etalons of 2 and2 5 mm thickness 

h there seemed to be a ~onsiderable amonilt of divergence in the ieeults of the earlier investlgatois, it 
is proposed to deal in the follomng hnes, only the more recent resnlta 

In a note to " Nature" (October 17, 1931) 1t wrrs pointed out by the tlnthor that A 5351A was a quartet and 
that ltEl structure could be interpreted by assigning an isotope daplacerne~lt of allant 0 05 om and that the 
line A 3776 exhibited a very complex strncture conaiattng of five components though n o  laatope effect was 
found In thla caae Bchnler and Keygton independently Pound a similar Isotope drsplacement xn the oam of  

5351 while McLennan and Crawford dimovered no trace of isotope shift 

Elchuler and Keyaton and Jackson found the hne 3776 to be a triplet and the structure was interprated 
by the former by supposing tho absenoe of an  soto ope shft  Further ob~lervatlone were made by the aaaor 
on the structure of this line under hfferent con&ttom of excitation Theso snb~oqu~nt  photographs olearlp 
ahowed the line to be a group of alx components The follomng table gives the struotnre of tiheae lxne~l as 
observed by the author - 

h e  Fine structure components 'lab In om 

5351 a 0 000 0 000 

A - 0 015 0 053 
6'P6 -7'81 b - 0 I10 0 385 

B - 0 128 0 448 

From a ooaslderabon of the c2lstnMon of the aatellitee mddicated m the above table it i s  h h b  && 
aomplex sbru&me of A 3776 could ba quantitsClPsly lnOetpreted if we ~nppose that the " 'PI " term hkwiikw 
" 

'? t e r n  showe an laotope bsplaoement of about 0 060 omd' Miorophotametnc traoee of *hihe 



pattern for 3776 for two diff went current values are shown in Fig. 3. The level schemrs are shown in 
Fig, 4. There is however a component at - 0'1178 which does not find a place in the ahave scheme. 

Fig. 3 (a). Fig. 3 (b). 

dh $2: 6 4 4 ~  6 
e a s  %$s E 
E r, 

Fig. 
This has also bee11 observetl by Wali Muham- 

mad. The structure now given removes the 
anamoly noted by Sclzuler and Keyston in the 
isotope: displacement of 'Pi tenn. It is interesting 
to note in this connectioi~ that ,Jackson also made 
more careful obselrvatiol~s and revised his former 
results and recmtly proposed a level scheme which 
is substantially the salrle as mine. Only, the 
saicllite at - O'l17A is not found in his measure- 
ments. 

Fig. 5.  As has recently been pointed out in a note in " Current Science," 
it is very remarkable that 8light variations in the excitlatiolz result in 
nliwlred changcs in the relative ii~tensitics of the components as will be 

from tlxo rnicroghotornet~.ric traces, Pressure conditions seem to 
be very important in the excitation and therefore in the intensity re- 
11;1,i;ionships of the fine structure patterns. It is nevertheless di0icult t o  
agio how therje slight variations in excitation can influence the inter- 
action bebwoozz tho nucleus and the electron shell. Fig. 5 rel~esents the 
microphotolnetric trace of the same line, when photographed with a 
fustld silica plate etalon of thickness 2 mm and shows the satellite at 
0b0.57A (with respect t o  the main) which is obviously almost aa intense 
a0 tlze main line itself. 

In the case of spectral lines like these which exhibit a complex 
structure, particularly when there are two or more components whose 
intensities are nearly equal, it would appear more reasonable to take 
the centre of gravity of these components constituting the radiation a3 

the position for  the wavelength measurements. 



Absorption of Be8onancs Grim. 

Some time baok the author etadied the aborption of W351 and 3770 of Tl by column of nonlumfnons 
vapou.r. It was found that a the temperature of the vaponr was raised, gener:~l absorption of the oentd 
doublet commenced at about 6OO0C and it was completely extinguished at about 800°C while at this tern. 
perature the satellite was but a very little absorbed. With further increase of temperature, absorption of the - 
satellite took place till it was complete at abont 1000°C. 

Further, in view of the fact that both these lilw coincida with very faint solar l i n ~ s  and the line A 5351 
does not appear to be strengthened in the spot apectrnm while generally all the arc line0 me cmsiderebly 
enhanced, it would appear that the evidence for the identification of finlliurn in the sun i~ very meagre, 
The availabl~ evidence for T1 aa a probable conetituent of the sun does not therefore appear strong enough to 
jam7 ita &nclasion. It ia more probable that these coincidences are due to ohance. And we must oonolnde 
that there is no evidence at pregent for the exietence of T1 in the Hun. 

In conclu~ion, it ie a pleaene to ex-prees my thanka to Dr. T. Royde, the Director, for his unfailing 
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