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AB.ST RACT

th the aid of analytxc wave funcmons detormmed by the varlatlonm
"n.ethod the quantuin ‘mechanical cross-sections for' the excitation of the
) “valenice’ electron, an éleciton in‘an inner closed rhell, and of the’ simnltaneotis
-excitation and' ionization have been. caleulated . analytically for the lithium
_atom. :1t. is.tound that the probablhty of excitation of an electron in-a closed
' shell is in goneral very small compared with those for the excltatlon of
the valence electron, ‘bat iy of the same order of magmtude as thode for the
‘simultanéoiie excitation ‘and fonization: The experiments of Lee on eléctron
collision and: the observation - of ‘Kdlen: and Tyren on the sateliite lines in
atomic spectra are briefly discussed on the basis.of these calculations.. .

5

.. INrrRODUCTION .

. The racent experiments ot Lee on the energy loss of electrons on
_melastlc (.‘.01115101]8 w1th the atoms,of Hg, Cd-and Zn on the one h ndl

and the observatmns ot Edlea a“ d Tyren on the appearance of sate-
‘lhte lines on the long wave' lendth slde of the hnes 13 ’S-Zp 7P, 1s?
18. lsZp p in the epectra of the ious. oi the hght Ptoms on the other2
call for the exmtauon of electrons in an_ ‘m closed “skiell for “their
explanatlon ‘While their explanatlons are most probably correct, it
is nevertheless désirable to have. some -theoretical estimates of the

(1) Led; Proc. Rob. Soc. X 173; 569,€1939) %
{2) B, Edlen and F. Tyren, Natare 134, 940, (1939)
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PROBABILITIES OF IONIZATION AND EXCITATICN 183
A
probab’lities of some typical pocesqes mJolmg the excitation of an

electron from a closed shell and -the simdltaneous icnization and
excitation of an electron form a closéd shell, ‘Tt appears” ‘that in the
hterature calculations have ‘been made'oﬁﬂ"y for the lightest of atoms, ..
namely, H and He. ."‘hls is'obviously ‘due to, the lack, of accurate
wave functions for the other atoms With the wave fnnetions for the
2-and, S-electron -spectra of the atoms, from Lito F Jow available
from the variational method '. it should be pomble to calcmete the
quantum mechanical crosc-sectlons of ‘auch f)roceﬂses nnal&ﬂca‘ly
without -undue , lﬂbor . For snmphclty in the calculatlons we shall
choose the: Li- atom whuch is;; h;e sumplest atom havmg a valence N
electron-outside: a:closed shell.. It is bgl:\qevegl((hahthece calculatlons
will” indicate; the. order..of,. mag{){rfuderof the . probab1 itrjes for the ,
various processes in heavier atoms for which accuretgiwcglc‘ulatlgns ’
cannot bﬂ easﬂy carr}ed out at least analytxcally.

IRYEINS . T B TR [

CALOULATIONS =~

We shall einploy Be‘rﬁ's‘ :sbp¥GXHnuti'én m which the wave
functions for the- m‘*"ident ﬁca‘tteled end-the ejected electrons_are:
represented by plune wavea " For fast electrons thls .approximation
will be valid. A comparison of ‘lhe calculated crou-secuons for the
ionization of ‘He-obtained ‘by:: Wetzel* ~by:this- method: with - those -
obtamed by the use of a betfer wave ‘fourétion® shows -that  Boin's .

[SEAge]

appr0x1mauon is ]ustlhed in’ the” follo‘.vmé calflcla{rons when the
energaea of the electrcna are not too Yow e ' i

R

The total cross-sectlon {or the excltatlon 01' an atom 1rom lhe
state i to the state { by an electron is given by

{~
-

(3). T.Y.Wuand 8. T. 8hon, the preceding paper:
(4} W.W. Wetzel, Phvs. Rev. 44 25, (1933)
(5) Mott and Massey, Theorl of Atomle Collisions, P. 180, (1933)
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aeh) = AT j;UPdQ'

where. | ’ -9—) B 1y
: U . ,- - !«k-T - f‘tt_lc )
| j‘J vie  Vyke T ar

Here V is the mteructlon potentml between the mc,dent eléctron and-
, EN

the. atomnc electrons, 1,(;“ ‘,Uanl'Q the wave Iuncuous oi the mmal

mfely. The mtegratmn inUi is taken over the coordinates of all the -

: electmng whlle the mtegratlon Ovel‘ J’L is laken over all directions for-
the scattered ‘electron, o R SEDELE

OUIII e I Loy o e g e
For the simulmneous 1onization and excitation of thz atom, the

total cross-section is given by

Qk) = mh‘ JIU}'A"fdk”dQ i, |
whete . L o= = -W @)
T J Ctker, ik ery

llf e W,Ufs e o dr

Here’ k”(h {2y is the Inomentym: vec;oroi the eJected elecnon The
integration in U is again.taken oyer .the corrdmgetes of all the elec-
trons, , dfly 4" are the. elements of the solid angles mto whlch
the scattered and the e]ected eleqtron, respectlvely. are dlrected By
properly choosmg the polar ‘axes, the mtegranon over the' azxmu*hs
@, @’" dbout them can be lmmedlately camed out, givirg a factor cf
2177 each, I . ‘

Wa define the momentuin vectors

- = = -
{

q =k -~k 4 ' )

20 that o
B k2K -2kK cos@, P=qP AR —2uk" cosg”’
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- . o . -
where 67 is the angle of scattermgrand ¢” is the angle between ¢ and

k’z’. ‘From the energy principle, we have, corresponding to (1),

R R -
St BT )=Ef—E'

and to (2), ’ h? rra — i 4 (4)
Mr’m< ;gra i ) Ey E"

where E; and Efare the energles of ‘the initial and the iu‘al state ol

the atom or ion. -

In the following caleulations, the atomic wave f{function® are
antlsymmetnc combinatipns of sbméle electmn\wave iunctlons which
dre orthogonal among’ themselves The norma )zed smgle elccwon
wave functions are the followmg

e A

(U SRy ¥ s A }i— Lo =
' \ Gli i 336 N\ OH"B ‘
200 Y,y = \HT(OP OC&"“/O’) )2(1 " )
& ¥ ‘V__._ . | 1‘
2 = (L) re VP (0 ), )
o deem Y ) mETR, o (cos
301 ¥ ('rr(dé\ —4€Y7--37? )) (1‘+ ) fur oo ),

AL

() e TP o)

where the parameters (€, 2, v, 8, € are determtned for each state by
the variational method. it is conyenient in the: followmd to express

the éréss-sections (V) as functions of ‘the energ/y of the incdident

electron expreﬂced in vo‘Ls Accordmgly we In ahe the substltutlon

=da
N2

; :&V Waoy, K =CV, K bzfu;'céz’. pr=CL?,
2= (e, §7m Cd?, €7a=Ce?,C =8i%sne/ 300h° m0,265X 1018,

©)
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All quantities referring to the final state have the wbscnpts 1
(1) -The excitatién 1s? 25’ 28.1s7 2p apy

The: 15 wave iunctlons in the states 187 @s ?S and 1s? 2p P dre
practically identical. 'On introducting the momentum variable q in . -
(3), setting q% =x, and makmg use of (6) we obtam from (1).

ShE(aT— ab—l—b')C" v

(V) = 164m5m2? e‘b‘c s

I""“"‘((b+c):(5¢+zb —8¢,)—(a-+4b+3eyes - (1)
A= x[(b—i—c,)‘—l—m]’ dn,

: wher;g Cot R o _
B R I 0
(7) cdn be indegrated analytically. - :

For Lj, the constants are as {ollows -
18728 2S: L=2.694/r,, Bw=0.784]r,; ° Eiwm —14.956 Ehe
1s2 2p ?P: 0, =2894(r,, v, =0525/r, Ef—— ~14.829 Rhe
where 7, is the first Bohr radius of hydrogen The total cross-
sections are given in: Tnble 1, and Figt. I

(2) The excitation 1s? 25 7S - 182 3p ’P _
“For this process, one obtains - i o

30.16 4753 e"b'e . 1

: Q(V) T cz(az ; ao-—bz)(:ie, ‘—4elc +tscl') V
j- A“'l"l" [g +"7x+§x’)’ - dx f - RN ]  ., o (9)
A—p *E(b+e1) Fayro 4 o
where ' ~

's;—-*‘(fwe».j)é[(»beké,‘)% (““’ euct e1)(b+e1) 2atB)e, +21),)

=sz+e1)[<b+el)2 z(b+e1)(“i”- 41 +el), g(a:{-_-b)(.c.-_-l-s‘)]‘
f;-b+e:+(a+b)/3+(c,+e,)/5 A
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-‘0‘(\ : . X - 1 .
HERS R SR P O o e

'V in voltn

Flg 1 (I) Q(V) for 152 23 25-182 2p 2P in 10 5 cmz
D Q(V),fcr 182 2¢ 28~153 3p-2P in 1018 ¢m2
- '_ (I'.(l) QUVY for-ls’ 23°28:132 347D § m 10'chme

- For Li, 0, = 2.69/r, tqn‘il_:s!- 3p.*P. . "%Llhe:,inatgtrg,tigr; can:be carried
out analyt'ically and the total eross-sections are given in Table 1‘and

Fig. 1. They are; approxlmately 50 txmes _smaller than t,hoac;rfor the
excitation to 10’ 2p 'P - ; ; :

(3) The excitation ls’ 28 ’S-ls’ 3d 2D,
: For. thm proeeu otis obtams

65T5m’e‘b5d T 1
Q(V) th(a’_ab_*_ba)cq 7 e _;;_

}‘H'”' ((b+d, )3(3d 4b—7ay+(a+45+3¢ ):,,J, (10)
P I E(b+d.)’+x18 ;

e

: !‘or ls’ 3d 'D oi L1 8 O 3350/ r.,. Thh mteﬂml can alao be cvalu-
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ated analytically. The result is given in Table 1 and Fig. 1, Thein-
tegral in (10) diifers from those in (7) and (9) chicily in the absence

of the main logarithmic term of the type In (\i‘:: é;ciil\;ﬁ)

which is present in the lat'er two, This is quite a general result
that the probability of éxcitation of optically forbiddén transitions
decreases more rapidly with increasing exciting ‘énergy than that f{or
the excita'ion of allowed transitions. This difference. will manifest
itsell for electron energies exceeding a few hundred :vo:’ft‘s,
(4) The excitation 1a? 23 2S—189s2p ?P, 7P. . |
The wave function Yr; for 15723 25 is %
plsvu) Y ST(1) YaSt(1)].
Vi = = ¥,;8%2) ¥,87(2) (Y,87(2)!
VE WS (3) P.ST(8) ¢8|
where the St(I) denotes the spin wave function of electron 1 with
mg =1, etc. The wave fnnction% 9§\-§h?jt‘(§§0 2p states of 1s232p are
given by

L [ 5 :‘\';\ U‘-",:;i

‘}£r+ o= .
vr+f2+¢’
1 K qa g s .
Leopgn o ME e no s O RS g i) S e 1
T R N ol \/1—,{_62’}"1:\2 L s ey et Las e
FUDAS I IR LT SO B ¢ SUNN : : [T ORI B PN S 51

T

ke ‘”Of“ ST/ are §nt1§vn”n etric Wave ancnons bmlt uploi fhé
aingle electron wave functicns, cimilar to Y, kove ancff g8, s, i'}éié
functions of tlie excharge:iftegrals fort theils-, 28,2p° electréns’. It
can be shown that the integral U for the excitationte:tha?P with. the
wave functisn yr, is given by

1 DL ;;‘_ Lips

) - N
iy — [P
= fmelezl) j‘ wlscp,p " Tar
v PR €3 \‘/“‘:*37 —“3 R S B
\!" o 6] -

where N« hf b4, (g[f qS,drr_, glfl,qsl are the normalized wave

RN T )
meve gd ofle oo {1t nu elnt Jo\Nee ol ol bgtoi v
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»Ionctinns for the 1s electron in_1s2 2s 2S and 1&252p 2P respectively,
and ¥4 ¢,, are *heirrespective 2s wave functions. Tne cross-section
Q(V) is given by |

Q (V)= N9.164TF'm’P4asc,5,(a+cl)’(g—g’f)’
hte? (14-/7497) s .
I—*f )\+{* di / x‘ o (i1a)
14 )\_P z((a+c,? )-{-7:]5/ J ;
! /" o
The lest intgeral can be eVa‘llmte\i an&[y@cally On writing
p=(a--c,)?, and pu) (p—j#\)’ -, We,?xpve

- N’IG‘“'m’e‘a’c ‘(0—1)’ v+u pAHA—p
V) == hic 2(1+ ’+y) p“"’ {Z (/\, f"’ P'l‘/\‘H")

2#-L1+p+x+3(b+w +ﬂ-’+(p+,\bt(p+m)=+w

wl
+ p+x)4¥10(g+m’nw +»4‘} :‘* (11b)
T L e T T

The expression for the cross-8ection {or the excitation to the other
'P state with the wave functien. Yr_ is entirely similar, and is
obtained by replacing the factor (g-—-l) /(1+f +g?) in (11b) by
(t—1H)2 /(1 -}—s’—i—t’) and emhlnymg the appropnate ‘constants for
this ?P states, The presence of the lodanthmxc term is.again chara-

,,,,,

cteristic of excitations:of: optically allowed transitions,’
The constants for the 182¢2p 2P, ?P stafes of Li are as follows:

E¢?P)y=—110.37383 Ric, f=~161, g = 0122,
E(*P) = —10.5997 Rhe, s=0.721, 't=-—-71'72
= 3.400/r,  By= 111/r°, =0, 877/7'.

""I’he tbtal Crogsk secuons,are gwen in Table Zaj}d 'ng *2 It is seen
that these cross sections are approximately 1640 times smaller than
~_those-for the excitation of the valence electron 13223 2S ~182 2p. 7P

- for _exciting electrons.of 86D volts.. - t¢ b i e
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_Fig. 2 () Q(V) for 18"')3 Bb-lsstp "P in 10 19 .em?2.
T 11y O(V) for 15228 73-1s2s2p 2P in 10718 cm3
() QY for 15298 28.19252 2% in '10-19 cm?
(VI¥Q(V) for:1s22s 284 1B)p2 2in 107 200em?.

(5) " The excitanon {a2 98 ZS—lsqu “Q

The cross-gzction; io: the excitation of the Is eler'tmn in the closed
shell to the 28 shell is given approxxmately by.:
VRN o

Q(le)*& 16 fﬂ‘m’ XA 51‘(()'+@ )’K’ c 1

ag’,
h«"(l)f,u ""1%95 l‘l"l:il ) K- jo ((0‘+31):+q j’e 6 6
R o eiepl o BRDL Vicie o - , R
K“'H’hi ﬂ&;@seb N L[z S T e T
) N Toors1e 7 G e )
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where _ -

16"1"‘m’e adb 1°(a,4-0,)? R
V J‘wll‘#lsdr J llb‘ﬁ S¢2ldr 3}1‘(61_—th +Dl,)cg- p (a +b )
when we assume - orthodonality between the 19" wave functlon of 13’2l
and the 2s:wave function of 1s2s?, i,'e., 0 =(¢,. I

The constants for 1s2s? #S-0of Li are the {ollowing:

Ewm—10.685 Rhe, 0, =3.0268/r,, =1.074/r,

The cross sectlons ealculated are glven in Table 2 end Fid. 2. For
high energles the Q (V) decreases as V, the energdy of the exciting
electron o et
(6) The egzmtatlon 182 2p ’P—lsZp' ’D ’P 2S .y

The probabilities of the excitatigns from is? 2p. 2P to 13 ?.p’ D,
P, 2S can be 1mmed1ately obtamed from (11). Thgiggqsgg;ggupn for
the excltatmn to the, ’D state is. glven by e

$E;

N

2\73164q15 A B O . e LR
Q. s ;5“.‘.’?1 R LT SRR ¢
where o e ; ‘ e
~,n.~»-:' - IHENRE S 82(05‘:0(3')/5"}/5)%} Tt o
d'r cL-T = L ,

sonig rJ z;[f Sb : ‘1[" (P (05"_051»)3('7’*‘7 )5 3,2:

;braokets bemg' fdentlcal wnh that in (llb) The values oi Q (V) m

(13) éalcula‘léév?ftfi the 0011<tants ior 1=2199 2D oi L1 -

HE A i3

"E (152p3 'D)m - 10, 35o Rhc,,. 0c1=2 915/[’., “/1==0 692/1"

AAAAAAA

~th’anwthos‘e*40r ‘i’l‘le'exclratioh 1*:’ 25 1S = 14282p 2P, The cross-séctions

ior exéxtatxon to the 2P, :5 states dnfnr from (13) by numerical factors
,EAL)\'Q TR DA 10 gdng
Qse or(fer oi magnj tude xe th VLr_y Uitlefont from T one,

- . N
wrly Mg o B ESERED pEc N Voot T SR TS e B

(7 The excitation 1s4 28 18- 13383p 1P, 2P

The calculation of the cross-sections for these processes i3 parallel
to that for the excitationsto 15 2s 2p P; except'that ‘now thevirtegral
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. tions of the atomic eYeetron Wave:
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m U is replaced by J'ﬂlflgdz .pe‘q Td.r Wlthout gomg Tﬁrough the

R

calculauons, one can oughLv eatlmate the probabllmes to ‘be emaller
tidn those:: for:.1s2s2p 2P by a- factoriof £0:¢f 8o, - The excitation: i“d
auch states as 132333, 1s2s8dowill havé evén smadler: probabxhtles '
(8) The double exditation 182 28 39 --1s2p?" ’D L A
’I'he progabmtxes of this.and othqr doum@%ongnou_pmcesses
can be qhown to bé - "‘n the first- approx:mauon 51 ce the mtegtal
at= of  fha oft] ‘og‘onahcv of ’lhe singl
functiofs T the rm‘niﬁ apprdxmiano’n* o obtain the: croas-sectmns
it is necessary to g0 to the" next appmxlmauon in-which the perthrba’
) ctmm by then' mtemctlons mth

the jncidént’ ¢ elec

expect thése’ crdws’e(‘tioixs»’:o—’ be. ‘sohall C()mp ed wrth‘ fh’ose for the
gingle excitation processes. An ‘éxampléin ptfmt ts !dl’mehed by the
calculations of Massey and Mohr on the double. qutp,gmons of hehum’
The’ probabilities are: in gemerai 'of the order -,oi one huridredth those
for the single excitations,

(9) The sxmultaneous ionization and excltatlon Il' 2| ’S—-:lezp *i’
1p, : ' w o : e

We may canalder two? H’t\.mct processes whxch can’ ‘take place

ndition that the epins of the atomic electrons temqm,

is ejected and the 25 electitou is excited t6 2p. The process (a) ié:vea
‘only: the :UP<af<] qzn ‘while ¢b) gives either XP orSPii* © i

';[he mtegvatlon\over the dlrectxons of; the.spatterqd and{he ejecg-

for §”’. The mtegratlons overgp
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ejected electro:s then nge simply a factor of 27 each On introducing
] - - i
the momentum vahableu q and 7 in (3), the inlegration over 4"’

may be replaced by %an“igrtegrjgtion over [ from q—f‘;’\’ to g--%’. The

result is, for (a), _

Q(V) o 4e16°mMemietalta, *hoe, “g %L i

— Bh-*c'z(a Hraq)® (ab@ﬁ Yoo
J.[/’ mae fSQbE—‘(@‘g—‘Lb)I/”J \/plldsV ros }\, rﬁ" 7‘ a( (13’&)
0 (b7 {—FV"]Z) Xﬁ,ﬁxggfz+c Y 4w)e )
Y “08 539 o

and for (b),

.
3777

; Qv )4_4716 memlesada, Shée,® 1 v md“\/?—”dV”

Shte? (é‘—i‘ﬁl)ﬂﬁag—.ub«r—\{ﬁﬂ“) VT Ji (QBW

1.,

’\+"'c<b+c )ﬂ(oq+z>.ﬁc —(atibie)n’

Jf 0 o —ds (14p)

A # v (btey) T -twd® ' o
where, )\1_; .,—H{« —91/-—-(3,;-— ,)——-V .o #H;&V% LV =(Fi—V5)

J"‘ 5V B VRS (V-0 ¥y PO 1A be‘i’ng thelenergy ‘of  thei
mci‘d’ém” Pedebutfersd, akid “the ‘efertéd eléetron’ ‘réspettively: 1, V5
Heirs‘the energy ‘ofthe atérr“rc systen:fm thé'ihitlal aad the findl & State,
respectively, in volts, The integratidns™aver' & Fan' ‘aBaih be carried
out aAnalyticdlly, bht tR4 Fritegsabidhd SVHEStHE ererdy 7 # ‘o ‘the ejected
electron are more conveniently periormed graphically. The t_(atal:
cr&s betmn# dbtamed wm’a the f&ﬁow‘rng c:‘crhst'arrts for L1 :

i

imﬂp PP\ E—:-*l(ﬂmmRha. iz OC,r =2 98/70, LY=L ﬂ?B/rJout

12p P E-— 0987 Bhe, & =300/, Sy, <% 1o

ate. gven in I*able 2 andFig, 3.~ : - 'P"-,":“-'\ el “’ i

The differential cross. sectnons‘Q (V V”') deimed by the“equation
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o 200 400 600 800 000

V" in voltu

; L - C e

Fig: 5 (I)MQ(V I01‘ NZs 9.‘5 152p 1P inlQ “i8omd oo
) (Il) Q(V) for 18225 Z8-12p 31 in 10 18 ¢m3

- 7 . Vll?n,a;'x.. DL ,‘/./ B ”7.’1 :,\; . V ‘ -
Q= f QoW

rae glven/m Flgu 4and 5, Itis seen’ that )0 (V, "'V."""’is lﬁrgefdnly‘
for small: energws of the ejected electmn V', that is, the contmbunon,
to Q (V) comes ;poatly irom colligions in whlpb the scattered el‘elgtron;.
retams practlcally all oi the eneggy balance V (V; W»),« lhls A8,
partxcularly 50 for the process {a).. L gty G :
(10) - 'Ihe almultaneous ionization. and _excifation - 18’ Zs ’Sgls:}sz :
B, i . el e : G ety s 16
Tbe probabxht:ee for these pmcesses can be obtained in an. entlrely
similar manner. orresponding to (14a) and (14b) respectively for
the excitation:to 1s2p, Qne replaces the. integrals in z.in (14a)-and
(14b), res,pectxvely by . L . . I

J‘NH. (5¢a+:=,)? (a—l—“:—: +c¢,)—(B5d-H4&; ——cl)fvj"dx. (¢5a)
AR x[(a+el)’Tﬂsz T ,
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IRV -T\ LIS AR R I

5,«; R D

M
= yrin volts ™
Fig. 4 1s3 2 38—1s 2p 1P
f“‘”_[j ka2 P S PO (13b)
TS S EE AL

where: £, 7, S-are. given;ini(&); and inakes.the appropriate changes
in'the;gonstant factors... The-values-of these cross-sections can: be es-
timated to be approximately: 1/50.0f thosedn (14a) and (1°b); on a
consideration of-the results in ¢7) and (9). For excitation .to such
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states ag 183d 3D, D, the cross-sections are again smaller by another
factor of 10, as can be geen on a comparison between the ‘values for
the processes 15? 2s 28— 187 2p 2P and 1s? 28 ’5,— 157 3d ?D.

0 _ \/ = }ooo Y?i
i A

5

¢t

X

2

-V in volts
Fig. 5 1s7 28 23—1a 2p 'F )
(fr) The double jonization 1¢2 23 qS-—-ﬂlg °3v s oo 0 gl

The cross-sections for the double jonization process can be calcu-
lated:dn aisimilar: mafkners/but -em adcomitoof :theextrd ddgfds of
feeed tuydfop the distributionnof fhesenésyy-dmong the ¥catwietPamithe
two> efected electrons) ithe:zattjal. ‘computation . wilk sbe’ extrerhely
lemgthy, - Perhaps the cross sections ean beses imiatéd 66 Be wiistily
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greater than, but of the same general order of maguitude es, those for
the simultaneous ionization and excitation 1st,_ 28 7S -152p *Ps

by analogy with the relatwe values for the excztatlon and xomzatlon
in the cases of H and He, :

DisCUssIORs ™~

From these caleulations, it is seen that the prbba{f)’ilitiea of excite
aticn of an electron in an inner closed shell of an atom are in general
Very small compared with those for tliz excitation of a valence

iectron, - The cnlcumd eross-sections for the p oeesses 157 25 28~
1»“ op 3P, 182 25 2S—18% 3p *P, 152 28 2S5~ 142 8d 2D are probably
t~o laide for theé low energ; range on account “of the wx'ure ()i Born’s
approximeation emplo;ed, and the error intfoduced by this‘approxima-
tion is most serious for the two opically-allowed transitions”, For
the other procassesr,hér’e calculated, Born's approximdtion is presuma-
tly valid Tor the energy range E' >200 volts. “An’interesting result is
that the probabilities ¢f simultaneous excitation of-an electron {rém a
closed shell and lonization by elecuons of a few hundred volts are
somewhat grealer than, but of the same general ‘order of magnluude as,
thoge for the excxtatlon of a closed sheil efectron afone, '

in & note® 1t was shown that Eidlen ana Tyren 3 explanatmn oi the
satellite lines on the long wave length slde of tile hnes 15 S 1s 2p
1P of (i as due to such transitions in CIV as 182 9g “S +1s2s 2p *P,
1s? 2p °P - 18 2p* 25, ”P :D, etc., is compatible wnh the theorencal
positions of these latter transitions calculated by means of the variae
tional methnd nnd with their expectsd i ntws,tms on cons-dc,ratlon of
(i) the relat,ve pxobahlht;as of the productlon of the mmal states
involved ‘in these transitions, and (ii) the relatiye values of the transl-
tien probabxlmea. For Li, the productxon" f the state 1s 2 'P is th

() Mott:and Masses loc. cit. pp. 197-8.

(8) T.Y. Wy, P/zys Rev. 58, 1114; (1940), The cross—sechona glven for the
excitation of a.closed: shell efectron and the slmultaneoul excxtnnon and
ivnlzation are too lslge by a numerlcai factor. -
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process of umultaneous 1omzat10n ,end exoltatmn of, . closed ahe‘l
electron the ckmtnbutlon frorq fhe twoutage prpcg”%ls? 23 3S 182 18
followed by 157 1S=1g 2p 1P béing negle cled, yhlle ior the emiszion
of the satellite line 1s* 25 5—1s5 2s p 2P, the process is the excitas
tion 01 an. ls elecn on Irom ilie closed shell, For electron ol 1500 volts,
the ratlo ol the cross-ssctions of these procasaes is oi the order 6—17,
and th;s value increases for higher-electron energies. From the varia.
tional wave iuncuuns, the ratio of the square oi the electric moment
for the transitions {s? 1S . 12 2p 1P and 1¢? 20 25—18282p *Pin
Lill and Lil can be Lalculated to be 1.6, Thus en con51derat10ns of
these two factorq _pge would,expect the relatne mtensmes of
the main hne 18218 =1s 2p *P and xhé satelhte lme 1s 25 S——lsZs
-2p-2P:to be of the- qrder 1¢: (an ‘greater for. higher energy elect‘mnl)
“For the satellite” Tines” 1837 opy p *13”225"’ !3D' “P, 3? the telative'i

tensmes would be of the order of’ 100 since the’ exentat}og cfoa ,s'e‘ ,
for the 13 2p? 2D, *P, %S states ‘are 10 times smaller thah ‘thoss ior
the excitation to 18 2s 2p,  -For other:-satellité lines, their intensities
1elat1ve to the main linz would be evén sma]ler ‘These conuderdtnns
-are quite compauble with the “obs erve”f’low irtensities: of ‘the satellite

linés by Edlen and Tyren -althioush for: OV and Gl both the excrtétmn
c‘oss sectlons aﬁd the trausmon proBabltmes have dltferent ’absolute

0 e'would ex;ectt a n i
«magnetlc spectrum ‘of electrons geatt. d by an atom [9:5) wou.d hnd
electrons whose energy losses corresptmd to the excltatlon o a close d-
shell elec(ron wuh a very much smaller mtenalty than tho\e corres-
pondmg f'%the exc1tauon fa valen e' eluctron Slmnar calculétlon
“tor such atcris’as Hg, Cd and Zn ‘wiuld be exceedmgly lengthy and
uncertain on account of the leck of accurate simpls wave functions.
On the other hand, @ measurcement of the relative intensities of the
“various lines-in the madnetic spectrumi of the scattered electrons uuder
suitable conditions would furnish one with thie ‘experimental values of
the crese-sections for the varisus prosesses of excitation,






