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A word of explanation on a del iberate  obscurity i n  

t he  t i t l e  of the present review is appropriate, i n  the  

sense tha t  "hot gases" implies nothing subt le ,  and has been 

inser ted merely t o  denote t h a t  reference t o  autoionization 

e f f ec t s  observed i n  the absorption spectra of t he  i n e r t  gases 

a t  room temperature w i l l  not be mentioned. The beaut i ful  

examples found i n  these spectra, -- including prominent 

Beutler-Fano resonances observed by Madden and Codling by 

means of the synchrotron background continuum, -- are  the 

subject of D r .  Madden's paper. The cases discussed here a re  

drawn primarily from the absorption spectra of atomic gases 

which necessi ta te  u s e  of a furnace, shock-tube or something 

s i m i l a r  as an absorption vessel, placed i n  f ront  of the s l i t  

of the  spectrograph or monochromator. 

what i l l og ica l ,  under the r e s t r i c t i o n  of such heading, some 

i n i t i a l  remarks of effects  observed i n  emission spectra seem 

worth brief mention. 

Though seemingly some- 

Descriptions of autoionization e f fec ts ,  -- chief ly  

large natural  breadths, l i n e  asymmetries and i n t e n s i t y  pecu- 

l i a r i t i e s ,  -- have been accumulating s ince the ear ly  1930's 

when  Shenstone and Majorana independently suggested the ex- 

planations, i n  terms of Auger processes, of some s ingu la r i t i e s  

i n  op t ica l  l i n e  spectra.  I t  w i l l  be recalled tha t  Shenstone, 

who introduced the  term "autoionization", was concerned with 

explaining Allen's measurements of large natural  breadths of 

Cu I emission l i n e s  excited i n  a copper arc. Majorana gave 

an explanation i n  similar terms for  what was thought, a t  t h a t  

date, t o  be the absence of an expected l i n e  pa i r  i n  each of 

t he  spectra: Zn I, Cd I: and Hg I. I n  each of these a group 

of four emission l i n e s ,  superfluous t o  the normal series 

spectrum, had been recognized a t  the short  wavelength end of 

the quartz u l t r av io l e t ,  and ascribed t o  the  combinations 
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3 2 3  2 3  s p  P O O , ~ , ~  - p P, ,L  ; t ransi t ions involving p P Z  w e r e  

thought t o  be missing. Majorana's explanation was tha t  t h i s  

level ,  -- as a r e s u l t  of mixing with s p  D2, -- autoionized 

readi ly  in to  the sE(d) D2 continuum, with consequent extreme 

weakening of t he  combinations with s p  PI, 2. Though Majorana's 

supposition t h a t  p Pz was subject  t o  exceptional autoioniza- 

t i on  proved t rue ,  he w a s  incorrect  i n  thinking t h a t  the  l i n e  

pa i r s  concerned w e r e  made unobservables -- a t  l e a s t  i n  the  

cases of Zn I and Pb I. In these spectra  the reputedly m i s s -  

ing l i n e s  m u s t  have been seen repeatedly for  years by spec- 

t roscopis ts ,  u n t i l  Dr. Rajaratnam i n  1955 i n  my laboratory, 

obtained pictures  of Z n  and Cd arc  spectra  w h i c h  cleared up 

the  s i tua t ion .  I n  the case of Zn I, the l i n e  pa i r  from p Pa 

had, -- understandably enough s ince autoionization had not 

been recognized, -- been mistakenly ident i f ied by Sawyer as 

due t o  p Da. I n  t he  case of Cd I, one l i n e  of the pa i r  

had been confused with a molecular band of Cd2, which l ies 

i n  the same neighborhood n e a r  2200 A, and the other member 

can eas i ly  be l o s t  i n  the broadened wings of the nearby 

resonance l i n e  of Cd I a t  2288 A ,  u n l e s s  special  precautions 

a re  taken with regard t o  the l i g h t  source used. Plate  I shows 

the P P I  groups of Zn I and Cd I mentioned. Photometric study 

of the Cd 2212 l ine ,  5 p: - 5pa 3P2, (Garton and Rajaratnam, 

1955), showed a good dispersion shape, which i n  terms of 

Fano's theory indicates  a la rge  value of the  l i n e  prof i le  

index q. The case of Hg I s t i l l  remains uncertain, as photo- 

graphs of the spectral  region between 1700 and 2100 i, made 

by Rajaratnam a t  the time, showed nothing more than a mere 

suspicion of loca l  blackening i n  the expected regions.* 
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3- 2 3  *Note added November i965. Fne 6 r l p  - 6 p Pa 
t rans i t ions  have now been confirmed by spectra  obtained by 
R. C. M. Leaner and J. Morris a t  Imperial College, which con- 
t a i n  roughly 50 new Hg I l ines  possessed of large autoioni- 
zation widths. 
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seems i n  t h i s  case tha t  autoionization does, indeed, make 

observation of the emission l i n e s  very d i f f i c u l t .  The 

examples j u s t  quoted i l l u s t r a t e ,  however, t h a t  autoioniza- 

t i on  broadened l ines  a re  qui te  conunon i n  emission spectra.  

I t  is nevertheless t rue  that  the greater  pa r t  of our system- 

a t i c  observational material on autoionization effects ,  a t  

this date,  associate with absorption spectra,  -- par t icu lar ly  

i n  the regicn cf t h e  vacum ultraviolet, for the obvious 

reasons t h a t  strong l i n e s  obtained i n  absorption commonly 

s t a r t  on the ground s t a t e  of the atom concerned, and the 

ionization potent ia ls  of most elements a re  i n  excess of the 

s i x  e lectron vol t  equivalent of 2000 i, 
absorption spectroscopy stems par t ly  from the f ine  pioneering 

experimental work of H, Beutler* i n  the 1930's. I n  t h i s  work, 

which produced many examples of autoionization broadening and 

asymmetries, B e u t l e r  emphasized the vir tues  of the absorption 

method t o  an extent which may have discouraged experiments i n  

search of such ef fec ts  i n  u l t r av io l e t  emission spectra.  As 

shown recently by Ti l ford and Wilkinson (1964), i n  their work 

on 0 111, emission l i nes  from strongly autoionizing upper 

s t a t e s  can be qui te  readily observed, i f  a high enough elec- 

t ron density is maintained i n  a su i tab le  l i g h t  source. 

The emphasis on 

Returning now to  the main theme of absorption spectra,  

t he  cases studied by Beutler were those of elements producible 

as monatomic gases with l i t t l e  d i f f i cu l ty ,  viz. ,  the  spectra  

of the i n e r t  gases A r  through Xe,  Zn, Cd, Hg, T l ,  Rb, Cs, and 

two l i n e s  of K, Most of Beut ler ' s  spectra  were obtained on 

the background of the Hopfield He2 continuum, s t re tching from 

600 t o  900 A, and he invariably worked w i t h  the  modest dis-  

persisn provided by zi =ne-metre grating. 

*A bibliography of B e u t l e r ' s  papers has been given by  

Boyce (1941) . 
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Sta r t ing  i n  the early 1950's with rather  primitive 

apparatus, which has been improved and supplemented pro- 

gressively during the  l a s t  t e n  years, a number of absorption 

spectra  of atomic gases, ra ther  more d i f f i c u l t  t o  handle, 

have been studied a t  Imperial College. This work has been 

done chief ly  with King-type evacuable furnaces serving as 

absorption vessels.  During the  l a s t  few years a f r u i t f u l  

collaboration has developed with the  group of Professor I,. 

Goldberg a t  Harvard College Observatory where w e  have been 

able t o  supplement the furnace techniques very effect ively by 

using shock-tubes t o  produce the  absorbing column of atomic 

gas of i n t e r e s t .  While furnace methods have proved very 

successful for  developent  of long series of absorption l i n e s ,  

and can be used t o  temperatures of about 28OO0C, the  spectra  

are usually r e s t r i c t ed  t o  absorption l i n e s  which start  on 

the  ground term, -- or  a t  most deep-lying excited s t a t e s ,  -- 
of the neutral  species. D r s .  Parkinson and Reeves a t  Harvard 

have developed p o w e r f u l  combinations of shock-tubes and 

vacuum spectrographs, which enable u s  t o  record absorption 

l i n e s  with lower levels  lying several  thousands of wave- 

numbers above the ground state of an atam, as w e l l  as absorption 

l i n e s  of ionic  species i n  some cases. Fig. 1 provides a 

block diagram of the arrangement used fo r  photographic record- 

ing of an absorption spectrum, and simultaneous determination 

of the  reversal  temperature of the shock-heated plasma. The 

remainder of t h i s  review w i l l  mainly concern e f f ec t s  found i n  

absorption spectra obtained with the furnace, or shock-tube, 

technique, and occasionally from combinations of the two. 

The spectra  t o  be mentioned contain examples of in tens i ty  or  

l i n e  p ro f i l e  pecul iar i ty  which, previously extremely puzzling, 

now seem containable within the framework of recent theory 

(Fano, 1961, Fano and Cooper, 1965). 
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The absorption spectra of the alkaline earths, at 

the short-wavelength end of the quartz-ultraviolet and in 

the Schumann region, obtained by Dr. K. Codling at Imperial 
College around 1960, contain many fascinating details. The 

spectrum of Ca I reproduced in Plate 2 shows the region of 

the converging principal series, and six series of two-elec- 

tron transitions, classified as 4 'So - 3dnp 
3dnf 1y3P?2 DP converging on the 3d I) mets-stable levels 

of the ion. In this case, we have the complications of 

mutual mixing of series levels converging on the two levels 

of the ion, and with the 4sE(1) continua: an extra compli- 

cation arises from the presence of the 5s4p P:. The ex- 

treme effects of autoionization, on breadths and intensities 

of the lower members of the doubly excited series are obvious, 

and closer study of the spectra shows that additional pertur- 

bations are prominent amongst the higher lines (Garton and 

Codling, 1965). Working at rather lower dispersion than was 

used for the spectrum of Plate 2, Ditchburn and Hudson (1960) 

have measured the integrated oscillator strengths of the 

stronger lines of the doubly-excited series of Ca I, as well 

as the course of the absorption cross-section in the underly- 

ing continua. The latter proves to be very small, which 

probably explains the general absence of pronounced Beutler- 

Fano profiles from the Ca I spectrum, on the interpretation 

that the lines concerned have large values of q. 

1,3 0 3 PI, D: and 
3 2 

1 

The corresponding spectrum of Ba I (Garton and Codling, 

1960) contains an example of the Beutler-Fano effect which, 

until recently was unique. Here, the transition 6 So - 5d8p 1 

1 p,O occurs as a very broad feature practically coincident with 

the first ionization -potential of Ra the maximum nf the 

resonance profile falling just within the continuum, and the 

"transmission window" amongst the converging lines of the 
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1 6snp P: series. These ef fec ts  can be c lear ly  seen i n  the 

densitometer t r ace  of t h i s  region of t he  Ba I furnace absorp- 

t i on  spectrum, made a t  Harvard College Observatory, and re- 

produced i n  Fig. 2 ;  some additional perturbations i n  the 

i n t e n s i t i e s  of the converging series l i nes  due t o  the pres- 

ence of 5d8p 

t h e  broken l i n e  t o  the r ight .  

1 
P,O and 3P1" are indicated by the extension of 

The f i r s t  example of what may he sui tably rimed 

"forced autoionization" was observed i n  the absorption spec- 

t r u m  of Ba obtained with the Harvard shock-tube apparatus 

(Garton et. a l . ,  1962). Plate  3 contains a comparison of 

the absorption spectra obtained (a)  by means of a furnace 

and (b) with a shock-tube. Whereas i n  (a)  the l ines  2433 

and 2445 are  quite sharp, the upper levels  lying below 

the  ionizat ion l i m i t ,  i n  (b) these l i n e s  have become dis-  

t i n c t l y  broadened, -- par t icu lar ly  the 2433 l i n e ,  -- and 

accompanying this the higher m e m b e r s  of the converging 

pr incipal  series, -- which a re  prominent i n  ( a ) ,  -- have 

disappeared. A reasonable interpretat ion seems tha t  the 

microfields of the  charged pa r t i c l e s  i n  the shock-heated 

plasma depress the ionization potent ia l  suf f ic ien t ly  t o  drown 

out the higher s e r i e s  members, and simultaneously permit the 

doubly-excited 5d8p 3 
P; and "DF levels  t o  autoionize. 

Each spectrum of the group A 1  I, Ga I, I n  I, T 1  I 

contains in te res t ing  e f fec ts  of configuration mixing, in- 

cluding autoionization, i n  the levels  of the sp -configura- 

t ion.  This configuration gives P, D, P and 2S. Sta r t ing  

with Al, the  P is  w e l l  recognized and lies deep, and the  

D-series 

2 

4 2 2 

4 

2 2 D appears from the quantum defect  of the 3s23d 

t o  l i e  deep also.* I n  the Schumann re9ion easily reccqnized 

*This i s  confirmed by unpublished theoret ical  r e s u l t s  
of D r .  R. J. S .  Crossley, Harvard College Observatory, who 
f inds the leve12hjtherto l i s t e d  as 3s2 3d 'D2 t o  be of pre- 
dominently 3s3p D 2  character. 
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2 2 combinations of 

the  3 2P10/ 2,3/ 2 - 3s3p 

Fraunhofer l ines  i n  the solar  spectrum near 1932 i, 
be mentioned l a t e r ,  the  f-values of the components of t h i s  

important doublet have been measured by means of the Harvard 

shock-tube apparatus. 

P and ‘S with the ground term 3 P occur, 
2 2  

Si/ 2 pa i r  occuring also as prominent 

As w i l l  

I n  G a  I (Garton, 1952) w e  again f ind a group of s i x  

lines in the ISOO to 1650 i regic!n, which seem to be similar-  

l y  ascribable t o  sp  2 2  
P and 2S. Also, i n  t h i s  spectrum the 

4 P term lies deep, but the location of ’D is s t i l l  uncertain. 

The spectrum of I n  I, i n  the Schumann u l t rav io le t ,  contains 

decided pecul ia r i t i es .  The course of the quantum defect of 

the  s2nd 2 D - s e r i e s  (Garton and Codling, 1961), together with 

the f ac t  t h a t  the  photoionization cross-section does not set 

i n  with a large value a t  the series l i m i t  but takes a blunt 

maximum about 2700 an-’ from it, suggests t h a t  the s p  

term is buried i n  the  continuum by very extreme autoioniza- 

t ion ,  I f  w e  follow-up th i s  interpretat ion w i t h  the inqu i ry  

as t o  the  whereabouts of the Beutler-Fano minimum, w e  not ice  

a curious i n t e n s i t y  perturbation which, u n t i l  recently,  

appeared isolated and inexplicable. I n  the long absorption 

series 5s’ 5p Pi/ 2 ,3 /  2 - 5s2nd ’D3/ 2,5/  2 a marked loca l  

weakening between n = 8 and 10 is  found, the n = 9 l i n e s  

being completely absent, even if the density of the absorb- 

ing vapour is  made qui te  high, 

explicable as a Fano 11window18, which lies displaced by about 

5100 an-’ from the corresponding maximum of the prof i le ,  A 

similar  s i t ua t ion  probably ex i s t s  i n  G a  I, though careful  

long series measurements of furnace spectra,  a t  Imperial 

a 2  D 

2 0  

This effect  seems t en ta t ive ly  

College by nr, Reeves (unpublished) , dc! r?nt shw SQ prn- 

nounced a f a l l  i n  the quantum defect  near the  l i m i t ,  as  t h a t  

found i n  I n  I; nevertheless there occurs an in tens i ty  anomaly i n  
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the  4s2nd 2D s e r i e s  similar t o  tha t  i n  I n  I.* 
The I n  I spectrum contains other cur ios i t ies ,  the 

most s t r ik ing  being tha t  only f ive  l i n e s  a re  observed, in- 

s tead of s ix ,  ascribable t o  5s25p Po - 5s5p S,  P. I n  

classi fying these l ines  some years ago (Garton, 1954) t h e  

author gave the  explanation that ,  because of approach t o  

J-J coupling conditions, the member 5 p1/ 2 - 5s5p S1/2 

2 2 2  2 

2 0  2 2  

. .  
C O U ~ ~  be missing ~ ~ Q I R  this spectr-~q. In PrelLiiiiiiry 

announcement of the resul ts  of recent f-value measurements 

on the I n  I 5s5p2 l i n e  group, D r .  G. V. M a r r  of Reading 

showed that, -- i f  t h i s  interpretat ion w e r e  correct ,  -- 
the  l i n e  a t t r ibuted by the present author t o  5 p3/2 - 
5s5p S i /  a would have the improbably high f-value of 1.3; 

a much more reasonable f-value (0.08) is obtained i f  5 Pi/ a 

is  exchanged fo r  5 

cent  unpublished calculations of D r .  J, M. Wilson of Imperial 

Col'lege suggest t h a t  sp  S ought t o  l i e  much higher i n  I n  I, 

bu t  i n  t h i s  event w e  a r e  faced w i t h  the  posit ion t h a t  there  

is no sign of an absorption l i n e  pa i r  sui tably placed a t  

shorter  wavelengths.** 

2 0  

2 2  

a 0  

2 Pi/ a as the lower level .  Also some re- 

2 2  

Results of some recent experiments on the l a s t  member 

of t h i s  group of elements, T1, i l l u s t r a t e  the benefi ts  of 

I 

*Note added November 1965. The proposal t h a t  i n  both 
2 2  Ga I and I n  I, s p  D l i e s  buried i n  the  S2E(d) 2D continuum 

is  now supported by calculations of J. M. Wilson a t  Imperial 
College, based on diagonalization of the complete energy ma- 
t r i x  and least-squares adjustment of the  S la t e r  parameters. 

**Note added November 1965. Further theore t ica l  calcu- 
la t ions  b Wilson and experimental work a t  Harvard have cleared- 
up the sp Si /  2 problem i n  I n  I. The "missing" 6th l i n e  of 
the group 5 pf/ -1 - 5 ~ 5 ~ '  'SL/ 3, ' p ~ /  3,s; has n ~ w  beer; 
found a t  1854.7 A i n  shock-tube spectra  and percentage com- 
posi t ions of the three J = 1/2 levels  now known have been 
calculated i n  terns of 'S, P, P contributions.  

Y 2  

a 

2 4 
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combining furnace and shock-tube methods. I n  T 1  I the  

6s6p2 4 P  term is unusual i n  t h a t  i t s  component levels  bridge 

the  6 S o  l i m i t  of the series spectrum, -- i n  f ac t ,  PSI a 

is  s t i l l  of very uncertain location; P ~ / z  lies below the  

l i m i t ,  Pa/ 2 combines w i t h  t he  ground leve l  6 PI/ 2 t o  give 

a c l a s s i c  Beutler-Fano prof i le  (Garton et. al . ,  1965), which 

s a t i s f a c t o r i l y  conforms w i t h  t h e  expected autoionization in- 

1 4 

4 

4 2 

1 2 0  to a si291.e 2 \ 7 2 i ~ 2 b ~ e  ~ ~ n t i n u a q  CS'E!~)  'a~a; za. me s pi/ 2 - 
6s6p2 *Pa/ 2 t r ans i t i on  was found by B e u t l e r  himself, together 

with the l i nes  involving 6s6p 031 2 and PI/ 2 .  The osc i l -  

l a to r  strengths of these three l ines  have been measured by 

Marr (1954) . I n  furnace experiments as usually performed, 

it is not possible t o  ge t  t he  temperature high enough, -- 
before boiling the  material, -- t o  populate appreciably the 

upper leve l  of the  T 1  I ground term, viz. 6 Pa/ 2 which 
a l ies  nearly 7800 c m - l  above P l i a .  Consequently, furnace 

spectra reveal fewer of the  sp" combinations. 

tube plasma the 6 Pa12 metastable leve l  can be w e l l  populated, 

and i n  some very new absorption spectra, taken a t  Harvard 

with the  shock-tube apparatus and a 1 - m e t r e  vacuum spectro- 

graph, w e  have found three new l ines ,  one of which confirms 

B e u t l e r ' s  6s6p Pi/ 2 level, the  other l i n e  pair  being com- 

binations with 6s6p S which, i n  T 1  I has reversed i ts  

posit ion with respect t o  sp 

t i on  i n  A 1  I. W e  a re  still  l e f t  with some problems, fo r  

example the location of 6s6p P3/ 2 and Ds/ 2.  Possibly, 

d e t a i l s  of coupling conditions, when examined su f f i c i en t ly  

carefully,  may explain these remaining cu r ios i t i e s  i n  I n  I 

and T 1  I absorption spectra. 

2 2  2 

2 0  

I n  a shock- 
2 0  

2 2  

2 2  

2 2  P, as  compared with the  s i tua-  

2 2  2 

nkcrrc-t;nm r-rrrrtw-. thn mwn.1- 
L-YYI-pLIVII epGbcru w.L y .Lwup 117 B el,cer;ts Si, 

Ge,  Sn, and Pb, have been photographed during the l a s t  few 

years by D r .  J. MI Wilson a t  Imperial College, with t h e  King 
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furnace: and almost a l l  l i n e s  have been assigned. I n  S i  I, 

though many new se r i e s  l i n e s  have been found, we do not 

regard the r e s u l t s  as sa t i s fac tory  because the  small i n t e r -  

va ls  of the  3 P ground term and between the P levels,  

which form the series limits, necessi ta te  t ha t  t h i s  spec- 

t r u m  be re-examined a t  higher dispersion than a t  present 

available a t  Imperial College. The other three spectra 

have been almost completely analysed. 

3 2 

I n  this  group of elements, the ground s t a t e  i s  

W e  obtain an absorption spectrum i n  the  s2p2 3P, ,1 ,a .  

Schumann region, which i n  each of the cases, Ge and Sn, is  

of ra ther  complex appearance due t o  the overlapping of s e r i e s  

from the three levels  of the ground s t a t e  and convergence t o  

the double s a p  

t o  l i n e s  involving other odd configurations, especially sp3. 

Moreover, the u s e  of IS-symbolism becomes of doubtful val idi-  

t y ,  par t icu lar ly  i n  Pb I where the leve l  spacings approximate 

more closely t o  those of J-J coupling. The spectrum of Sn I 

a P l i m i t ,  with some additional confusion due 

contains the second recorded example of a Beutler-Fano 

resonance overlying a ser ies  l i m i t ,  as i l l u s t r a t e d  above 

i n  the spectrum of Ba I. 

I n  Pb I, the  ground term in te rva ls  are large enough 

for  the furnace absorption spectrum t o  become much simpler, 

there being l i t t l e  sign of absorption l i n e s  s t a r t i n g  of 

6 3P1 and 6 3P2 ; the  

also, so t ha t  the  region between the two limits of the 

a o  PI/ a ,3/ a s p l i t t i n g  i n  the ion is  large 

absorption spectrum extends from 1353 t o  1672 A .  Plate 4 

reproduces the absorption spectrum photographed with a 3- 

m e t r e  vacuum spectrograph (Garton and Wilson, 1965) ; the  

picture  contains immediately s t r ik ing  examples of Beut le r -  

Fano transmission windows, a l l  of which can be readily 

c lass i f ied .  The expanded view of the region of the P s i 2  

convergence l i m i t ,  shown i n  the  lower pa r t  of the Plate,  

2 0  
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reveals that the resonances present correspond very nearly 

t o  q = 0. This w o r k  on Pb I has, j u s t  recently,  been sup- 

plemented by absorption spectra obtained w i t h  the Harvard 

shock-tube apparatus, which d i f f e r  from those obtained w i t h  

the furnace i n  containing many l i n e s  w h i c h  s t a r t  on the 
3 Pi and 'P2 ground levels .  This work is so recent tha t  a t  

the da te  of the Goddard Conference, the spectra have not 

been analysed. The analyses of the G e  I and Sn I spectra 

w i l l  soon be published. 

Mention has been made above of the occurence of the 
2 2 2  A 1  I 3 Pi/ a , 3 /  2 - 3s3p S l i n e  p a i r  i n  the so la r  spectrum, 

the p ro f i l e s  being f a i r l y  w e l l  resolved even a t  the low 

dispersions so f a r  used w i t h  rocket-borne equipment i n  the 

1900 4 region. These l ines ,  u n t i l  qu i t e  recently,  w e r e  the 

only ones, showing s t rong autoionization broadening, recog- 

nized i n  the solar spectrum, and it was p la in ly  of l i ke ly  

usefulness t o  solar physics that  w e  obtain a measurement of 

I -  

df  
dV f-values, -- o r  rather o f -  over their profiles, This was 

done l a s t  year (Garton et. al . ,  1964), by photometric re- 

duction of the prof i les  of the absorption l ines ,  photographed 

by means of the shock-tube and the "powdered-solid technique" 

described by N i c h o l l s  e t .  a l .  (1963). I n  order t o  determine 

the particle density of neutral  A 1  i n  the shock plasma, w e  

used a mixture, of known ra t io ,  of C a  and A 1  sa l ts ,  and 

u t i l i z e d  Ditchburn and Hudson's (1960) value for the inte-  

grated g) of the C a  1885 l ine ,  w h i c h  has a very la rge  

autoionization breadth (see Plate 5). The temperature of 

the plasma, w h i c h  w a s  needed for application of the Boltmann 

and Saha equations, was obtained as usual, by the l i n e  rever- 

sal method (Parkinson and Reeves, 1964). One of the m a j o r  

uncer ta int ies  i n  t h i s  determination of A 1  I f-values concerns 

the correction w h i c h  has to  be applied t o  the idea l  ionization 
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I .  

potent ia l ,  on inser t ion  i n  the Saha equation. Though th i s  

problem is usually distinquished from the question of how 

t o  terminate the series of terms representing a pa r t i t i on  

function for an atomic species present i n  a high-temperature 

plasma, the two are  a t  l e a s t  closely re la ted  and the pres- 

e n t  s i t ua t ion  i n  theory and experiment needs improvement. 

l 

This survey has included reference t o  a l l  the pub- 

_---- 1 i Ched work, hm- tc! the writer, concerning autoionization 

effects i n  atomic absorption spectra, w h i c h  have been studied 

i n  any de ta i l ,  except those found i n  the spectra  of the i n e r t  

gases dea l t  w i t h  by D r .  Madden. So far  as concerns l i n e  

prof i les ,  half-widths and f-values the ex is t ing  data  are 

very scanty as yet.  

f-values and breadths of only three T 1  I l i n e s  ( M a r r ,  1954), 

of the stronger 4 S o  - 3dnp 

(Ditchburn and Hudson, 1960), of the A 1  I 3 Po - 3s3p S 
a 3  

pair (Garton et .  al .  1964) the breadth of the Cd I 5p PZ 

l eve l  (Garton and Rajaratnam, 1955), and the ear ly  work of 

Allen (1931) on Cu I l ines .  I n  supplement t o  these published 

quant i ta t ive resu l t s ,  D r .  Hudson communicates t h a t  he has 

reliable unpublished measurements on the p ro f i l e s  of the 

double-electron t rans i t ions  i n  S r  I and Ba I, a preliminary 

report has been made by D r .  Marr of Reading University con- 

cerning the sp 

l ished study, a t  Harvard, of the profile of the T 1  I 6 P i 1 2  - 
6s6pa 4 ~ 3 /  2 l i n e  may be included. 

papers of Fano and Fano and Cooper c i ted ,  along w i t h  o ther  

theore t ica l  contributions mentioned a t  t h e  Goddard Meeting, 

w i l l  g rea t ly  st imulate the e f f o r t s  of experimental spectro- 

I n  fact ,  i f  w e  summarize these w e  have 

1 , 3  0 
I 

P i  t rans i t ions  of C a  I 1 

2 a s  

2 combinations i n  G a  I and I n  I, and an unpub- 
2 0  

It  seems ce r t a in  that  the 

=cOpiSt= t a x . q = r &  & s e r x - r a t i c f i ,  classificatiofi  a_n_d acc12ra+-p 

photometric measurement of autoionization broadened l i n e s  i n  

many more atomic spectra and over a range extending farther 

i n t o  the vacuum ul t rav io le t .  
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Figure 1. 
recording of absorption spectrum and measurement of reversal 
temperature of shock-heated plasma. 
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P l a t e  1. The PP' -groups of Zn I and Cd I, showing 
au to ioniza t ion  broadening of pz P, 
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P l a t e  4. Pb I absorp t ion  spectrum, showing series, inc luding  
Beutler-Fano resonances,  converging on t h e  ground-doublet 
O f  Pb 11. 
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