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The energy states of the econfigurations 282p, 2p7, 1S2l2p, 1s2p2, 252p’ 2[)‘
and 152 287 in'the atoms from Hito. F have heen calculated. hy the.vanatmnal
method with: sn:nple wave- funcmms Whereverfpossl'ble, thé*énsergies are the
eorrected according to the method suggested by Steveneon. These calculated

_ eggrg;ea have been., gmployeqw for ,the. identification ot the "qatelhte” lines
" pbeerved’ by itdlen and Tyren 'h,e LY Vi—hke spec‘tra posslblhty
of stable negative ions 6f H' ‘atid He' m‘excxted states is dlecus‘{ed : Théﬂelecbron
-affinity of Li atom is: reestlmated

Recently - Edlen and xTyren have reporte -observation of
groups of weak lines tojthe Jong. wavedlength sid sof the Jiries 157 15—
152p P in the CV-like':spectra, and the 1s? S-2p?P in the CVEike
spectra of the light elements. These satellite lines they ascribed to
. trapsitions in the respectlve precedm spectrum vnth an additional
' external él%ctron g ;",etfect ofScreening on the energy of transition
giving rise ?o the mauﬂme is small, Thus the trana n 18 'S-182p -
*p.may have as sate]lites 1s? 25 25.15 23 2p P, 3]
’P ’D .5’, ’etc and th lme 1.2 2-22:“?1:’ may. h,ava as, aatelln;es 1328
13:952p P, 1525°5-252p D, 262p 1P-9p? P, 1spp 1P-2p? 1D\, ete.
‘The purpose of this paper is to calculate the energies of ‘the initial
states involved in the emission of these satellite lines and to attempt
an identification of the lines observed by Edl&n and Tyrén.

" (1y Edén and Tyrén, Nature 143, 940 (1939).
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The calculations are made. w1th the !Bllo'wa g sxmple vanatlona] A

wave' functxons e RISt o I3
1s: R(19) =-\/4‘ocT e““’

The mtegrals o! the kmetlc, the electrgn-nucleun potentxal the
electron-electron - Coulomb and exchange energles can bn rdadlly
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1he ener,g es oi the vanous atates ere gwen by

202p, 5 E =T (25)+T(2p)+2Z ( V(es) —:-V(zp)")ﬁ}'}wzs; op)
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where L= T(ls)+2T(2p)+Z[V(1s>+2V(2p)3+2F(1s,2p) _
GF, (2020)
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) 13 iy .

P\ slmllar to the correspnndmg expressmns form 1020’
D ! with 28 replacmg teihroughout.
:6 e L o o : .x,¢~:~i TORRTe R

~ 15F,(2p,2p)
= GF:_(Zmzp)

‘ stzp”

s

21 ,-f-ﬁsrs;(mp) {

determme 'by the slmple varmtional calcdlatmn m not exaet the
etweei: the: ehergy of 152 *P-cu} culated’ and the obdeiv‘éd
value rndrcates that the wave" function isquite~ good.? ‘It is thought
that the orthognnahzatlon ‘ot 232p"’P o thfs 182p ’P wave function
is sumclently accurate tor these calculatxons i ':lmxtarly, in the
é>232'p~:;; ‘P state, the para@meter«(x is glveu the value
determmed for the lszp’ ‘P state so that the 23210’ P wave tunctlon
m 0fthogonal to that nf 1:2p’ . P“ No dtfﬁculty is-en Molmtered w1th

calculatlon':, of.t

rers o, B, 'V a “to vanatxons we gwe oc the ‘value equal to the
atowmic’ numbefz smCe the screenmg oi ls by thv 2s, Zprglectmns is
negl:g;bge as is aeen £r=om th.e calcula lom for 182p3. . the\calcula-

. tion for. the vanhus states ol 2p? and 2p?, the parameter-+y is varied

separately for the various states.: Forsthe ‘otier” k:onﬁguratlo‘ns ‘the
parmcters are varied only-:for the lowest™ state;ithe other states are
calculated with.thege gnmméﬁeu“éo detérminédi-"1he result dt these
ealculatmn& are: gnvemm the holl"owmg tables TEe0%

v

) ~*0f Mords, Yoting #ud Hauiwits, Phbs. Rev. 4s, 048 (1935,
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262p2 4P 1.3612  1.4816. 8.8963 14.8137. 22,2200 31.1436 41.5604.583.4750

o3P 0. . 3:8896 8.080 13.79) 20.996 '29:685 -39.905:. 51.609
SADs v 4182 - 8.484 . 14,287 121:591 30.879 40,694 52613,

4.030. 8.269- 14,007 -21:249 - 29,972, 40.223" - 53,002

- ;1‘-2,97:'1' 1702

S 1199 83856 14, 1 8 ?1'41u4 30, 1827 40 4.4/2 52 2137
s 9728 8‘1701 13 8777 21 os'” 29. 7823 39, 9842 51 6865
’ 3 8764 8. 0367 13 6970 20 85/5 29 51/0 39 6767 51 3369

i ~;1172 1672 172 2672 3172 .-36725 4172 ‘ -
53 ©1.652 1,162 16,662 . 3.152 . 8.652 . 4.152 :
1637 2437 2,687, 3187, 3.637 -« 4387 ...

il i

153257 i's;
corrected - ;- 1 8468 29, 1199 33 4413 72 7307 102 119, 136.469 175, 858-{
observed 20,933 18.604 "3.06‘9 102.446 136.882 176.223

e im6e0 87067 4714 ST €TSS 8718
S T 0ger 1167 707 2235 CT5d 3268 3789

Table 3. Variational wave functions and energies of 1s2 252 1§
The corrected values are thosv correcwd by Stevenson 3 methed.
See text below w7 o e .

1MPROTFMEN1‘ oﬁ'g‘AmATmN &L EI\EPGIE

. On a comparison between the observed energies and those
calculated by means of simple wave functions of the type (1), itis
found tha/tjggiqyiationa.__are greatest whenever there are equivalent

P . ‘~<\\
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electﬂons, aueh ag s 252, ete.?  For configurations such as 1525
and 152p, the ‘calculated energies’ can be. verys c}ose to the observed
values, ' This* is“undoubtedly - :die’to: the-dact.: ‘that for equivalent
electfons* whoge interactions! are< gregtest: on’ account of the great
overlap of the}' wave _:At\unctxons, theﬁsxmple wave functlona of the

coun f(_theu' lnter}if‘tlom.

Har't'i'-)ee and ‘F(')xé'kQ it wasqahowu by Hylleraaa that consxderable
imprbyement over the selfcorisistent field - resuit can be obtdined by
) mtroducmg the dstance i ; between the'two electrons into the'wave
functionsg,? Unfortunately, ‘the wrethod-of’ Hylleraae can be :applied
only to ‘configurations " with s electrona, even then the amount of
labor involved m“the calculahon of & thiée" ‘dléctron com:gurauon
suca as 1s? 23 is p:ohxbmvg Hence . the method of Hartree-Fock
will probably Temain” to ‘be the method 16r obtaiting the best possible
wave functions, and in their ab:ence calculations with the slmple
wave iunctnons of lhe type (1) will be =nselul for-¢értain purpose on
account ol the comp '3at|vely‘smail am xt ‘of‘iabor mvolved

. One Way to obtam{’ better energy values than thcae diven by the
‘use of wave functions ol the .type.,(‘l) issto employ- slightly more ‘'com-
plicated. trial wave functions, Te. jllustraté this, consider the normal
'} étate of He. . The wave function (1) leads to the energy -3:695 Rh as
is well lmown th the wave iuacuou

Y.

where (X, g and a. are sub;ect to vg atmns, e, fmd B (*s’ 'S)u
—5.725 Rh, with a&=2. =5 205 @dﬁf '

R

- NBY - Hyllerads, Zelfs!

F Bhysit a8, 4
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weenthe valye —5:693 and the value ~5,75 obtdined by the method
of Hartree‘ For ather ‘donfigurations. ‘than'1 hOWever, ‘the use of
such wave functions will increase the amount of com‘putatmn enormo-

o £ e
SRR % .

.usly. ) oL ,1.. O .ﬁ_‘,; s LR ; i

Stevenson® has suggested a.method for improving the energies
of systems with two jeleetrons outsxde a closed_shell, as gwen by the
I;Iartme‘Foeli methoclh Ttie metﬂod egmxsts in. using for the wavé

functlon of the svstem

w w; ¥ (cosg)

N ' ination ofsl;)"’ € g
determmed already by the method of Hartee-Fock, and 5 is the angle’
between.the radius yectors: «of the Awo valence slectrons.. O setting
X (% )"Zﬂm 5" where § =cos §, the variational principle applied
to Yr leads to & secular equation  for the energy correction AE “For
182'S of He, 1his .comes-out:fa be ABs=~- 0. 023 Rk and bnngsf the
self—conslstent field value for the energy to —5. 773 RA.

© Wegnall snow: apply* this 'méthod to the: ‘shergy - states of 2p’
Initead‘of the’ HartreeéFuck wave’ functlons whidlivare not” dva;lvable,
we' shall? employ ‘our ‘Vaﬁaﬂoﬂal Wavie ftinctions; 'Phis is justifred”
since'we are evaluatlng some correctmna that nre small. In hig'tot"
a'ﬁﬁf‘,’iﬁ find -0 8 AT GaRa.

[t

r\r ti "

— ‘ : i . : F’ e - -
AR Eoapak G SRR T AT . fal e 0%
R T t B L - LY s i - ‘,,AA BN €., RS

(4) Quoted in Pauhng and Wilgon, “Intrcductmn to Quantum Mechamcs”
New York, (1935), p. 224. - - - oL SN

) &3‘)) Stevenson, A, ¥, "Phps. Rev".%, 686(119809 LR
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2p2 1D:H°(= '—— 1 + 275 . Hl'i 75A N I-T';I .

- "(A"E)*—M(,AE) '- 75 H’ ‘.;'" -

RO BN

4\ 5 . 2y
WS Ha= Pt 5
'_ \AE')’—“A(AE)" 35 mp, —q

’F ot values of Jthe parameter'}’ not‘very <mal1 compared w1th one as

ES AE(’P) = —0.0049 L\E’”D)- -O 00495 AE’(‘S)=-—0 0216'
m umts 0! 2Rh orr ) '

TS

AE(aP).s -.0' '098. AE(‘D) =—0. 0099. ,_ AE‘(lS).-_T -0 04°o

in-unit;of: Rh zThe enernles glven in Table l are to. be eorrected by
these.amounts, although the.corrections are- probably small compared
w1th;:the actual deviations of the calculated energles from the: true -
values.: . .1 e Ces - "

In an ear.ler paper, Wu has attempted an est:mate oi the electron ..
alfinity of Li by calculzcing the energy of the atate 15? 2s5* 'S in the
geries Li~, Be B, C** and extrapolatmg to Li the. *correction’” found
on- eomparing’ the ‘cbssrved " aad the calculated energies for the Be,
B*, C**%, Now for the conﬁguranon 18? 2s? 1S, it is possible to
extend: Stevenson 3 method to-apply’ iust to.the 2s electrons in: the -
ficld of the two 1s elecirons, and then fo'the 1s electrons regarded
as moving in the field of the two 2s electrons. .Using our variational
wave functions, we find, again-in: Stévénson’s notation,

For AE(ssn, A=20%, F.=2u, F,:%oc. F3= 0.2605¢K,

vors Sy m et

‘(AE)’—(zAd,--g—_F,)(AE-)-—%(F;;»j?"uoé."_‘A S ®
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.(28. 28). 8(a’ 05[3+B')” (l 5y+11u’ - 49 VHT Y
(AR —24 (AB) 1P ey

For greater than 1, the correctlon AE’(ls’) is practlcally mdepen-:‘
deﬂt of 42 and (3) glves v S .

in units of Rh The calculated .energxes of 132233 IS corrected fors:

bath:AE: (18%) and ‘A Ei(257)sare. given imthe second row: inT'able
J ﬁéexifapbl‘ati‘ohfﬂ{isixhw !!eor:mction-'vto‘ Lileads toy anexpected -
;otf-ars 020 Rfv Thls would

affinity of 0.27 v"ol't'.‘ " The state"‘282<p"P'ls “hOWever. subjéct” to
autoionization;and has: probably a lifetime 9}:,?11%-10.“;1?}'» 1074 second”,

(7]; O'n“ o' ba;m ot calculaﬁons of ‘thé” probab’l‘lltles TSt aitoionization of -
similar states in doubly excited He. See paper ¢‘Autcionization in-Doubly
Excited Helium-and the h320 and )t'357 L(nes” by Ta-You Wu appeanng

elsewheve. . R ; .
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The staté: @pa s p of H’“ is abaut 0.0142 Rh or 0 19 volt aoove lhe

<J i T, o
we find-after spme caimﬂanons«the yalue —0 2315 RA ‘ior the energy,
of 252 *P of -, the varnuonal parameters bemg v =0.4985, # = 0.5,
and a==0.3. When 1he same correcuon by Stewenson 8 method is
apphed the euefgy ot ‘Zp’ *P' ot Hbécomss —0,2414°Rl which is

4y50.0038 B or: 0.13av0lt; above the state.n=2-0l H, It is thought
probable that when better wave functions suoh as Hyllerads are
: uvaxlable that take more proper account of the interactions between
the two 2p blectrons the ‘energy of 2p7 *P'in H- may come-dut to be
lower than the state 7=20of H. in that case, the state 2p? 2P will
not beg. sublect to autommzauon and a3 radiative tansition to the
normal state 1s? 1S of H- is forbidden, a longhwa negatwe ion of

Hin an-excited state-will be possibbe. = niomi- : : Sl
¢ FopHey it iseeen d¢omi LTable S.that*.there are many. atataomuyv
states:in-He™ which-ar€howevéraubject: to autoionization,: -+The lowest
oné;d¥ 2¢:2p 2P, ligs: abaut 0024 A o §,32.volt above the 1s 29, °S .
of He according:.to .thes¢ .catculaitions.and. js. hence.in -a position ;ta,,
undergo autoionization, 1t is however possible that the actual energy
of 1s2s2p™P ig'jowei than 182¢'9S of-He.  in'that case the state 1s
2520 Pywill, 20t be, SlLb]@g,Tg to autmoplzanon and.a stqbke negative
(\mof ﬂe w1ll bq posaxble Jms may, account tor the obse;mtmn of
H;by who cldlmeqm have found He m the maas-spectrographg, amce .

tl}e conhgu;atm} 13’523 'S,&Qi He has )been iound to bq unstablee, Z .

VA ‘Iém\ﬂﬂ(,ﬁ*m OF SATBLLIF LINRSUN OVE ¢ 51

With the energies given m the above tables and those of morse.
Ymmg ﬂanHﬂurwltzﬂ it, has, been shown m an earller p@per9 that

P

IV g . RETENN

{ﬂ) LII{!‘L:}', ;Pu Wi fAmn der: PbJszk 34; 418;(1939)
(9) Wu, Ta-You, FPhvs, Rev. 58, 1114 (1240), R R
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' the calculated poutlons of the transitions 1':5’_23 ’S—lsZsZp’P p,
1522p 3P—132p3 a8, ’P 2D;i‘ cv'. agree"ve; well with-the ‘satellite
lines observed by Edlen ‘andTyreniinithe neighborhood of the trangi-
tion 157 'S —1s2p 'P in GV A discussion’of ;the effect of autoion.

' lZathﬂ on the wxdth of these hnes is dxven elsewhere"






