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The previous calculations of Abragam and Van Vleck on the g factors of the 2p* 3P terms of atomic oxygen 
are refined by including exchange, using better wave functions, and not assuming that the charge distribution 
in which a 2p electron moves is spherically symmetric. In Sec. 2, a general technique is developed for calcu­
lating the relativistic and diamagnetic corrections to the g factors of complex atoms (Breit-Margenau and 
Lamb terms, etc.) by an expansion in spherical harmonics which is an extension of the well-known Slater 
procedure for computing the angular dependence of electrostatic energy. The integrals encountered are 
usually either of the Condon and Shortley F, G type, or variants thereof. The most important members are 
computed by means of the wave functions of Hartree, Hartree, and Swirles, based on a Fock self-consistent 
field, but some of the minor contributions are estimated with Slater wave functions improved by introducing 
slightly different screening constants for the 2s and 2p terms. When all corrections are comprised, including 
also the Schwinger electrodynamic shift, motion of nucleus, and deviations from Russell-Saunders coupling, 
the calculated values of the g factors for the 3Pi and 3P2 terms are, respectively, 1.500974, 1.500913, in 
excellent agreement with Rawson and Beringer's experimental determinations 1.500971, 1.500905. 

I. INTRODUCTION 

THE gyromagnetic ratios or g values have been 
measured quite accurately for a number of atoms 

by molecular beam or microwave techniques in several 
laboratories.1 The precision is high enough to detect 
perceptible departures from the values given by simple 
vector-coupling theory. The deviations arise from a 
variety of causes, viz. (I) the Schwinger quantum-
electrodynamical effect, (II) motion of the nucleus, 
(III) departures from Russell-Saunders coupling, (IV) 
relativistic or diamagnetic corrections, including modu­
lation by the magnetic field of spin orbit and the velocity 
dependent part of the orbit-orbit interaction. The 
theory has been given for the helium atom by Perl and 
Hughes,2 and extended to the ^-electron case by Perl.3 

Abragam and Van Vleck4 have independently developed 
the theory with particular reference to the oxygen atom. 
The reader is referred to the latter paper, henceforth 
called A W for detailed explanation of the mechanisms 
underlying the various corrections (I)-(IV) mentioned 
above. Abragam and Van Vleck made certain approxi­
mations, viz., they neglected exchange terms, and in 
treating the Zeeman contribution of a given electron, 
they assumed that the charge distribution of the re­
maining electrons is centro-symmetric, whereas in com­
plex atoms such as oxygen it is not. Also in some places 
they used rather crude Slater wave functions. It is the 
purpose of the present article to refine their theory by 
not making these approximations. A general procedure 
will be presented in Sec. II, which is not confined to the 

* Now at the College of Electro-Communications, Tokyo, 
Japan. 

1 P. Kusch and A. M. Foley, Phys. Rev. 74, 250 (1948); Koenig, 
Prodell, and Kusch, Phys. Rev. 88, 191 (1952); E. B. Rawson 
and R. Beringer, Phys. Rev. 88, 677 (1952); Hughes, Tucker, 
Rhoderick, and Weinreich, Phys. Rev. 91, 828 (1953); Brix, 
Eisinger, Lew, and Wessel, Phys. Rev. 92, 647 (1953). 

2 W. Perl and V. Hughes, Phys. Rev. 91, 842 (1953). 
3 W. Perl, Phys. Rev. 91, 852 (1953). 
4 A. Abragam and J. H. Van Vleck, Phys. Rev. 92, 1448 (1953), 

referred to as A W . 

particular case of the oxygen atom. It does not duplicate 
Perl's theory, as he was concerned mainly with deriving 
the basic Hamiltonian function [our Eq. (1)] and with 
applications to systems with only one valence electron. 
Our analysis in Sec. II furnishes an expansion in spherical 
harmonics applicable to arbitrary complex atoms. 

II. MATRIX ELEMENTS IN THE nlmms SCHEME 

Abragam and Van Vleck have shown that the rela­
tivistic and diamagnetic corrections are given by the 
expectation value of the Hamiltonian operator 

- WZ/lmc^JiViWrdXkd'Vi 

+ (|S«2/2wc2)i:^[V»(l/fi*)XAJ-iF%-

+ {p#/2m<^Y,i*hlViWrih) X A ,] • 2<rk 

+rtfc" (̂rtib-Ai)(rf-fc-pjfc)]. (1) 

The explanation of the notation used in Eq. (1) is given 
in AW, and will not be repeated here, as the various 
symbols have their usual significance. We take the 
magnetic field along the z axis, whence 

Az=—\yRy Ay=^xH, Az=0. 

As shown in A W the first term of (1), proportional to 
the kinetic energy T, is the relativistic correction proper; 
the second and third terms derive from spin orbit, the 
fourth from the spin-other orbit, and the fifth from the 
magnetic orbit-orbit interaction. The sum of the first 
three terms is called the Breit-Margenau, the fourth the 
Lamb correction. 

We will show that it is possible to follow a procedure 
analogous to that in the theory of complex spectra. 
This analogy is not explicitly brought out in AW, but 
is very helpful. The operators involved in (1) are 
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generalizations of a quantity either of type F or G in the In the nlmtms scheme a state A can be specified by a 
terminology of Condon and Shortley's book5 (hence- complete ordered set a1, a2, • * • aN of one-electron 
forth called TAS). Matrix elements of 8Z in the nlmtms quantum numbers, where a* stands for a set of four 
scheme can be calculated by making expansions which quantum numbers nltnm8. The corresponding orbital 
are similar to those in TAS, but usually considerably function is R(nl)®(lmi)$(tni). The first two terms of (1) 
more complicated. Transformation to the SLJM scheme are of one-electron type, and so easy to evaluate. One 
will be made in Sec. 3 by the method of diagonal sums, readily finds that 

(A\5Z1\A)=-(l3H/Mc2)Zi(Ml
i+2Ms

i)(nili\T\nili), (2) 

(A\8Z2\A)=- Xi(nV\-\nV)— . . (3) 
mc2 V |f I / (»'-l)(2f*+3) 

Here, (nH^TlnH1) denotes the kinetic energy of a single nlll electron. The contributions from a closed shell to (2) 
or (3) vanish. 

The third and fourth term of 8Z will be treated simultaneously. Their combined diagonal element is 

(A\8Zd+8Z4\A)= ^e2/2mc2)^i^£(2ms
i+4:ms

k)J(aiak', a ^ ) + 6 w / 5 ( w / > / ) / ( a ¥ ; a V ) l (4) 

where 
Jr(fl*;aO = (ai|CV<(l/f<*)XA<],|(rf). (5) 

The spin dependence of (4) is such that the contributions from interactions within closed shells cancel out, but this 
is not true of the interactions between closed shells and valence electrons. We calculate the requisite values of (5) in 
the following way. We first note that 

v Y — J X A J =— Usin^x hcosflisiitfi— ( — ), (6) 

L V 1 2 / \z 2L df! dfliJVris/ 

and then make the standard expansion (notation as in TAS): 

1 co rK
h 47r * 

— = £ E e i ( k ) 8 2 W $ i W $ 2 * W . (7) 
ru *=o r>k+1 2&+1 m^-k 

By appropriate recursion formulas (TAS p. 53), we express sin2#i@i(&w), and cos#i sin0id®i/'ddi as linear combina­
tions of ®i(k+2m)j &i(km), and &i(k—2m). We thus obtain the result, 

hGH, H oo r<
k 4TT * ( (k±l)(k+l±l)+tn2 

E £ T < H ) I ( M 

<r12/ iz 2 H ) f > W 2 H l « - * l 2&+l±2 
/Z(k±l)2~m2T(k+l±l)2-tn2~]\1> } 
I ) &1(kzL2m) 

) \ (2k-ldb2)(2k+3±2) / J 
0i(*=b2w) 0 2 ( M $ i W $ 2 * W . (8) 

Here the upper or lower choice of sign applies according as f\>r2 or ri<r2. The integrations over <p involved in 
taking the expectation values are elementary. Those over 6 lead to the well-known expressions of Condon and 
Shortley, viz., 

Ck{lmhVm{)^[2/(2*+1)]* f @ ( * w ^ w / ) 0 ( ^ z ) O ( r m / ) s i n ^ , (9) 

whose numerical values are tabulated in TAS, p. 178. The radial integrals involved in the direct in distinction from 
exchange terms are of the form 

/•* rri r*k 

iV(«/,»7')= I drx] Rx
2(nl)R2

2(n'l')dr2. (10) 
Jo Jo rx

k+l 

Our expressions F>k are somewhat different from the Condon and Shortley integrals Fk, which can be defined in 
terms of the F>k as follows: 

Fk{nlin
fV)^F>

k(nlinU,)+F>
k{nfV,nl). 

8 E. V. Condon and G. H. Shortley, The Theory of Atomic Spectra (Cambridge University Press, Cambridge, 1935), referred to as TAS. 
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For the special case nr~n, V~l, this relation becomes 

jp,>*(«/,«o=ai*,*(̂ «0- (ii) 
We find 

oo (k+l)(k+2) 
J(ab;ab) = ±Hj: [F>

k(nHa,nnb)Ck(lbniib,lbniih) 
*=o (2ft+3) 

+F>
M(nHb,nHa)Ck^(lhMih,lhmi^ (12) 

In a similar fashion we find that the exchange integrals are given by the following expressions: 

H - \2(fnf-mihy-(2V+2k-l) 
J(ab; ya) = — £ E ± <?*(»*; »***){ Ck{lamfPmx

h) 
4 *=o I (2*-l)(2JH-3) 

/[(^±l)2-(w^~w z
&)2][(^+l=±=l)2-(mz a-wz&)2]\^ 1 

dbl 1 Ck±2(lamia,lbmib) \Ck{lamf,lbmib), (13) 
V (2^+l±2)2 / J 

where Gk is defined as in Condon and Shortley. [There is no need to introduce also an exchange integral G>k 

analogous to (10), as G>fc=|GV] In (13) and elsewhere the symbol Yi± means that there is to be a summation sign 
over both sign choices. 

The calculation of the fifth or orbit-orbit term of 8Z is based on the same general sort of procedure as for the 
other terms, but is considerably more laborious. The final result is6 

(A |5Z8| A)= - (^/mcm^^^Mia^ia^-dims^ms^Mia^; akal)~], (14) 
with 

rft(JM-l)(2/6+l)l* 

t i L(2^+1)2(2^»-1)J 

X E ± ± ( ^ ^ w i 6 ) K i 6 T w i * - l ) V H ^ w i V 6 - l w ^ ± l ) ] , (15) 

M(ab; ba)^\hE£ QE± Gk±l(nala,nblb)) 

( r (la±tnia+l)(la±rnia+2) 
X VZ±{niia-niib±2)\ la TZTTTTZT—Z (C*(/a+lwi°±l, lbnnb))2 

/ {la^mf-1) {la:Tmf) (la±mf+l) (la±<rnf+2)\% 
+ 1 1 Ck(la+lmfdzlyl

bmib)Ck(la~-lmiazLl,lbmib) 
\ (2la-l)(2la+lY(2la+3) / 

-(la+l) (C*(^-lwi«=fcl, lbmib))2\ 

f (la+l-mia)(la+l+mia) 
-\-2{mf~mib)\ la (Ck(la+lmi% lbmib)y 

L (2^+l)(2/«+3) 

( (la-mia)(la+mia)(la+l--mia)(la+l+mia)\^ 
J Ck(la+lmt

a
y lbmib)Ck(la-lmia, lbmx

b) 
(2/a-l)(2^+l)2(2/«+3) / 

(la-mia)(la+mia) 1 
_ (;a+1) (Ck{la~\mf, lbmih))2 

(2J'-1)(2M-1) J 
00 I r00roor(i-&) '<* r<*+1 H-4 r^2! 

+ § M T ( ^ - W z & ) E I nr2~ +r2
2 rxr2 

fc=olJ0 ^o L 2ft+l r>M r>*+2 2k+5 r>*+3J 
d R2(nHa) ) 

XRi(nHa)R1(n
blb)R2(n

blb) -dndrMc^^mf^m^J. (16) 
dr2 r% I 
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In concluding the present section, it should be men­
tioned that the sums over k in the various expressions 
which we have derived do not really involve an infinite 
number of terms and instead in any practical case are 
limited to a few terms, as is usual for spherical harmonic 
expansions in atomic spectra. The reason that this is 
true is that Ch{lm^rmf) vanishes unless k, I, and /' 
satisfy the so-called triangular condition k+l+l' 
= 2q (? integral), | / - / ' | <k<l+V. 

III. APPLICATION TO THE OXYGEN ATOM 

The preceding section gives the general technique for 
calculating matrix elements in the nlmsmi system of 
representation. The application to oxygen proceeds by 
specializing the results to the configuration 2p4. In 
addition, it is necessary to transform the results to the 

In Table I we give the numerical values which we use 
for the various integrals, and also the methods by which 
these values are calculated. A few comments on the 

TABLE I. The numerical values of (7%, and various radial 
integrals involved in the expressions for Agi and Ag%. (All values 
are in atomic units.) 

Integral 

F°(2s,2p) 
F>(2p,2p) 
F>(2p,2p) 

Gl(2s,2p) 

Gr*Qp,U) 
&(2p,ls) 
R(2p,ls) 

Numerical value 

138X10~6 

0.773b 

0.754b 

0.336b 

0.092f 

0.472b 

0.173* 
0.032* 

-0.123* 

Integral 

F°(ls,2p) 
F>"(2p,u) 
F>»(2p,2s) 
Fi.H2p.ls) 
F>*(2p,2s) 

G-1(2p,2s) 
&(2p,2s) 
R(2p,2s) 

Numerical value 

l . l l a 

1.099° 
1.089d 

0.409* 
0.207d 

0.1796 

1.354* 
0.291* 

-0.042* 

a Calculated by numerical integration of the HHS wave function, and 
also by integration of the Lowdin analytical function. The value 1.11 is 
obtained in both cases. 

b Calculated by Hartree, Hartree, and Swirles. 
• Extrapolated from HB by assuming F°(ls,2p) =*FQ(ls,2p)iLB+(l/r}im3 

—<1A)HB. 
d Calculated by the formula F>*>(2p,ls) *=(r*)u{r-*-i)iP-F>-*-Hls,2p). 

The first term is computed with Lowdin functions, while the second is small 
and is adequately calculated with the modified Slater functions. 

e Derived from HHS by making a rough estimate of the small difference 
F>* (2pt2s) ~|F& (2p,2p). 

f Calculated by D. R. Hartree and M. M. Black. 
8 Calculated from the modified Slater functions. 

LSJM system of representation. This is accomplished 
by using the invariance of the diagonal sum, together 
with the fact that the transformation properties of all 
the first-order Zeeman terms under rotations are such 
that they must be proportional to the magnetic quantum 
number M. This feature or trick is explained in A W 
and so need not be described here. Some of the manipu­
lations involved in <5Z5 are fairly complicated, and as a 
check on the accuracy of the calculations they have been 
reduced to the final form by grouping the integrals in 
two different ways in the intermediate steps, of which 
we omit the details. 

The final forms for the corrections to the g factors of 
the 3Pi and 3P2 terms, which as in A W we denote by 
Agi and Ag2, prove to be6 

latter are in order. Many of the integrals have already 
been computed in the paper of Hartree, Hartree, and 
Swirles7 (henceforth abbreviated to HHS), or can be 
estimated quite accurately from data in it. More of the 
integrals are given in an earlier article by Hartree and 
Black8 (HB), which does not, however, include the Fock 
exchange terms. It is not consistent to calculate some 
integrals with wave functions which include exchange, 
and others with functions which do not, but the 
relatively minor modifications caused by exchange can 
be extrapolated by comparing the results for the 
integrals which have been computed by both methods. 
Some integrals such as G1 are so small or have such 

6 Mimeographed pages of the algebraic details of the derivation 
of Eqs. (13)—(18) can be obtained by writing to Miss Esther 
Reynolds, Librarian, Lyman Laboratory, Harvard University, 
Cambridge, Massachusetts. This supplementary material is also 
available as Document with the ADI Auxiliary Publications 
Project, Photoduplication Service, Library of Congress, Washing­
ton 25, D. C. A copy may be secured by citing the Document 
number 4326 and by remitting $1.25 for photoprints or $1.25 for 
35-mm microfilm. Advance payment is required. Make checks or 
money orders payable to: Chief, Photoduplication Service, Library 
of Congress. 

7 Hartree, Hartree, and Swirles, Trans. Roy. Soc. (London) 
A238, 229 (1939), referred to as HHS. 

8 D. R. Hartree and M. M. Black, Proc. Roy. Soc. (London) 
A139, 311 (1933), referred to as HB. 

A&= (8wc2)-1{-12(r)Av+2Z(l/r)Av-[5F0(2^2^)- (11/5)F2(2p,2p) 

+E»- i . 2 ( 4 F > 2 ( 2 ^ ) + (16/3)FW,2£) - (8 /5)F> 2 (2^) ) ] 

- 2 [ F ° ( 2 £ , 2 £ ) + F 2 ( 2 ^ ) + £ n = ^ ^ 

- (7/20)&(2p,ns)~lp'l(2p}ns)- (l/10)G3(2p,ns)-~iR(2p,ns))']}, (17) 

Ag2- Agx- ($MC>)~1{ (Z/2)<l/r>»-l\F«(2p,2p)+\F*(2pap) 

+E«=u( -F> 0 (2^ )+ (4 /3 )F> 2 (2M^) -G 1 (2 f t ^ ) ]} . (18) 

Here, (7% and (1/V)AV denote the mean values of the kinetic energy and 1/r for a 2p electron, and G~l is the ex­
change integral Gk for h~—\. The definition of R(2p)ns) is 

roo «w t f< r<2. , d R i ^ d R2(2p)\ 
R(2p,ns) = il I ( f i r 2 -+r 2

2 far*— )R1{2p)Rl(ns)[ R2(2p) R2(ns) Urrfr* (19) 

Fi.H2p.ls
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small coefficients that the distinction between HHS and 
HB is immaterial. There are also available the elaborate 
analytical wave functions of Lowdin,9 which are quite 
accurate analytical descriptions of the wave functions 
obtained numerically by HHS, but it is too laborious to 
calculate anything but one-electron integrals by means 
of them. When no other method is available, we have 
utilized a modified form of Slater wave function. The 
modification consists in using slightly different, rather 
than identical exponents, for the 2s and 2p wave 
functions, viz,, 

The exponents have been determined so as to yield the 
same values of F°(2s>2s) and F°(2py2p) as those obtained 
numerically with HHS wave functions. Fortunately, all 
the terms which must be estimated only by means of the 
modified Slater functions are relatively minor, so that 
the absence of high precision therein will not vitiate our 
results. 

By far the most important integral or expectation 
value to know accurately is that involving the mean 
kinetic energy. This has been calculated by the following 
three methods, which agree to within one percent: 

(a) Direct integration of the kinetic energy operator 
with Lowdin wave functions. 

(b) A method which utilizes the conservation of 
energy, and which expresses T as a difference between 
the total energy and an appropriate potential energy. 
The relevant formula is 

< r ) / t o =- i€ 8 f t 2 p+Z<l / f> t e -2F° (2# , l j ) -2P(2# ,2 j ) 

-3F°(2£,2£)+(3/10)F 2 (2^2£) 

+iP(2p,ls)+#?(2p,2p), (21) 

where e2p>2p is the energy parameter of HHS (the 

TABLE II . Calculated and observed corrections Agi and Ag2 to 
the g factors of the 2p4 3P\ and 3P2 terms of oxygen. (The uncor­
rected value is g= 1.5 for both terms.) 

Agi Ag2 
Correction 

(8Zx) 
(8Z2) 

(8Zz+8Zz) 
(8Zz+8Zz) 

(8Z6) 
<5ZB> 

(direct) 
(exchange) 

(direct) 
(exchange) 

Relativist ic and diamagnet ic 
Mot ion of nucleus 
Depar tu re from Russell-

Saunders coupling 
Schwinger-Karplus-Kroll 

T O T A L 
Observed 

K W a 

-203^1 
+118 Y 
-7 l J 
+2 

- 3 4 
+ 1 5 

- 1 7 3 
+2 

0 

+ 1 1 4 5 

974 
971 

A W b 

- 1 5 8 * 

- 3 1 

- 1 8 9 
+2 

0 

+ 1 1 4 5 

958 

K W * 

-203^) 
+71 y 
-70 J 
+8 

- 2 8 
+9 

- 2 1 3 
+2 

- 2 1 

+ 1 1 4 5 

913 
905 

A W b 

-198« 

- 3 1 

- 2 2 9 
+2 

- 2 1 

+1145 

897 

a Kambe and Van Vleck (present work). 
b Abragam and Van Vleck (see reference 4). 
c Sum of the Breit-Margenau and Lamb corrections which is (8Zi+8Z2> 

+<5Z3+5Z4> (direct) in the present calculation. The contribution of the 
Breit-Margenau corrections (without exchange) is 

-142X10-6 (for Agi), -164X10~6(A^2) (K. & V.V.) 
-130X10-6(Agi), -l56X10-6(Ag2) (A. & V.V.) 

9 P. O. Lowdin, Phys. Rev. 90, 120 (1953). 

quantity conserved according to their wave equation— 
not to be confused with a physical ionization energy). 
The various integrals in this formula are calculated as 
shown in the table, mainly with the numerical data 
of HHS. 

(c) A generalized virial theorem. Because of the Fock 
exchange terms, the virial theorem does not have its 
usual elementary form, but from the HHS wave 
equation one deduces that 

(T)^iZ(l/r)^F>^2pM''F>K2p92s) 

• +(l/6)tG'(ls,2p)+G'(2sy2p)-]+± £ 
n = l , 2 

X f Y1(ns,2p)R1(ns)(dRl(2p)/dr1)drh (22) 

where 

7i(*w,2#) = f (r2/r1)R2(ns)R2(2p)dr2 

+ f (r^/r2)R2(ns)R2(2p)dr2. (23) 
J ri 

The agreement of the mean kinetic energy as obtained 
from (b) and (c) is a check on the accuracy of the HHS 
wave functions. This comparison is of interest for this 
reason quite irrespective of the application to oxygen, 
and furnishes a method of checking the accuracy of 
wave functions based on Hartree-Fock fields for other 
atoms than oxygen.10 This is one reason why we have 
included formula (22). The numerical check is, of • 
course, only on the numerical accuracy with which the 
equations are integrated, and supplies no information 
concerning the physical soundness of the mathematical 
model itself. 

The values of ( 7 % obtained by methods (a), (b), and 
(c) are, respectively, 136, 135, and 133 X10~6. 

IV. COMPARISON WITH EXPERIMENT FOR OXYGEN 

In Table I I we list the various corrections to the g 
factor which we have calculated. The earlier values 
obtained in AVV are appended for comparison. We also 
tabulate the various other corrections which must be 
included and are the same as given in AVV. The new 
grand total is seen to agree well with the measurements 
of Rawson and Beringer. The discrepancy is less than 
either the experimental or theoretical error. 

The one fact which is a little disconcerting is that the 
difference Agi—Ag2 is not given with higher precision 
than the absolute values themselves, viz., 

Ag 1 ~Ag 2 =6lXlO- 6 (calc), Agl-Ag2=66X10~« (obs). 

Experimentally, Agi—Ag2 can probably be measured 
more accurately than gi or g2, and this should also be 

10 Our formulas (21) and (22) are specialized to the configuration 
2p4, but there are analogous expressions in other cases. 

R(2s) = Br2e~2-1%r, R(2p) = ftV2* (20) -%F°(2p,2p)+ (3/40) F2 (2^,2^) 



Z E E M A N E F F E C T O F A T O M I C O X Y G E N 71 

true of the theoretical calculations. In fact, the orbit-
orbit corrections (as well as the more certain electro-
dynamical corrections and those for the motion of the 
nucleus) cancel out entirely from Agi—Aq2 [see Eq. 
(18)], and these were the only corrections in which we 
had to resort to modified Slater wave functions. The 
deviations from Russell-Saunders coupling are involved 
solely in the difference Agi—Ag2, and it is natural to 
blame them for the discrepancy. However, the spin-
orbit parameter involved therein can be estimated quite 
accurately by extrapolation from atomic spectra [unless 
perchance, the nondiagonal element (3P21 f 2P | ̂ 2) dif­
fers markedly from the diagonal elements11 (lP | f 2P | XP) 
or (3P|f2p|3P)]. In any case, a discrepancy of only 
5X10-6 is, after all, very small. Complete reliance can­
not be placed on even the most perfect Hartree-Fock 
wave functions used to compute Fk, etc., because of 

11 G. W. King and J. H. Van Vleck, Phys. Rev. 56, 464 (1939), 
find that the diagonal and off-diagonal elements of f are ap­
preciably different in mercury, but in light atoms like oxygen the 
difference may not be as great. 

INTRODUCTION 

THE routine production1 of 77-hr Te132-2.33-hr I132 

has made available high purity, high specific ac­
tivity I132 sources for the first time. Previous investiga­
tions reported £ rays2 with maximum energies of 2.2 and 
0.9 Mev, and 7 rays3 of 0.67, 1.41, and 1.99 Mev. 
A 7 ray of energy greater than 2.23 Mev was reported4 

since photoneutron production in D20 was observed. 

* Work performed under the auspices of the U. S. Atomic 
Energy Commission. 

1 Stang, Tucker, Banks, Doering, and Mills, Nucleonics (to be 
published). 

2 Novey, Sullivan, Coryell, Newton, Sleight, and Johnson, in 
Radiochemical Studies: The Fission Products (McGraw-Hill Book 
Company, Inc., New York, 1951), Paper No. 135, National 
Nuclear Energy Series, Plutonium Project Record, Vol. 9, Book 2, 
part 5, p. 958. 

3 Maienschein, Bair, and Baker, Phys. Rev. 83, 477 (1951). 
4 L. S. Goldring, Brookhaven National Laboratory Quarterly 
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approximations basic to the self-consistent field model. 
The HHS wave functions, for instance, give a spin-orbit 
parameter about 10 percent too high. (The discrepancy 
in Agi—Ag2 would, incidentally, disappear almost com­
pletely if we used the HHS rather than spectroscopic 
value of f 2P in calculating the deviations from Russell-
Saunders coupliag, but there appears to be no logical 
grounds for so doing.) We are hence probably hoping for 
too much precision, and it certainly does not seem 
repaying to push further any calculations based on the 
Hartree-Fock model. The experimental measurements 
of Rawson and Beringer were originally essayed to see 
whether there was experimental evidence for the 
Schwinger electrodynamical corrections in complex 
atoms. As a result of the present paper we can certainly 
say that these corrections are confirmed in oxygen, 
though of necessity with less precision than in atoms 
with a single valence electron. 

The authors wish to thank the U. S. Office of Naval 
Research for making it possible for one of them (K.K.) 
to be at Harvard during the writing of this paper. 

InView of the uncertainty in the existing information, it 
seemed advisable to undertake the present investigation. 

Source Preparation 

The radioactive Te was separated with carrier Te 
from pile-irradiated U by a series of hydrolytic precipi­
tations of Te02 alternated with precipitation of ele­
mental Te by means of NaHS(>3 solution. The final 
solution consisted of Na2Te03 in NaOH. 

Since the half-life of I132 is short, it was desirable to 
use a Te132—I132 equilibrium source for the 0-ray energy 
measurements. This source was prepared by evaporating 
a small aliquot of the above solution on 0.1 mg/cm2 

nylon one week after the initial Te separation; the I 
which had grown in during the one-week delay was 
driven off during the evaporation. Sufficient time was 
then allowed for the I132 to attain equilibrium with the 
Te132 before the measurements were begun. The one-
week delay before the separation of Te from I allowed 
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Decay Scheme of I132* 
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The radiations of 2.33-hr I132 have been investigated with magnetic lens and scintillation spectrometers. 
Beta rays of 2.12 (18 percent), 1.53 (24 percent), 1.16 (23 percent), and 0.9 (20 percent) Mev have been 
identified. Gamma rays of 0.528 (25 percent), 0.624 (6 percent), 0.673 (100 percent), 0.777 (75 percent), 
0.96 (20 percent), 1.16 (8 percent), 1.40 (11 percent), 1.96 (5 percent), and 2.2 (2 percent) Mev have been 
observed, and their coincidences are tabulated. A possible decay scheme is proposed which is consistent 
with the experimental data. 


