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quadrupole interaction constant, b, have been measured.for 5-day Bi
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HYPERFINE STRUCTURE AND NUCLEAR MOMENTS OF RaE(Bi )

. Seymour S. Alpert, Edgar Lipworth, Matthew,B.erhit'e,' and Kenneth F.- Smith

Lawrence Radiafidn Laboratory
‘University of California
Berkeley,. California

June 5,.1961

ABSTRACT
The magnetic-dipole interaction constant; a, »:Amd the. electric-
” 210
(I=1)inan atomic-beam. The results are Ial.: 21.7840.03 Mc/sec.and
Ibl: 112.3840.03 Mc/sec, with b/a = +5.160£0.007.

" The nuclear magnetic-dipole and electric-qu_adrupole moments ob-

tained from the interaction constants are | p[ = 0. 0442:!:0 0001 mm and
lQl = 0 13+0. 01 barns, respectlvely The. S1gns of these moments are not

.determined by the experiment.

The ordering of the hyperfine levels is F=1/2,5/2, and 3/2. " The

values of the hyperfine level separations are

Av (F=5/2<— F = 3/2) = 194.93%0.09 Mc/sec.

Av (F = 3/24——-—>F = 1/2) = 220.19+0.08 Mc_/sec,
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I.. INTRODUCTION

The beta spectrum of RaE has played.an important role in the develop-
me‘nt of beta-decay thé‘ory, for it is the only known case of a first forbidden
transition AI = 1 (ye_s),' wifh a nonallowed shape. At one time the spectrum |
-shape was regarded aé the only evidence for the e'xistencevof a pseudoscalar
term in the beta-decay interaction, 1_ but subsequ.ent.theoretical work by.
Yamada.2 together with a meas_urefnent of the ground-state spin (I = 1) by
Title}4.showed this was not in fact implied. There are two papers, by
Plassmann and La.n_ge.r3 and WufL that summarize the extremely interesting
early history of the RaE spectrum.

In the pést two or three years; ana since .the discove.r‘y of piarity

. violaﬁion.in weak interactions,, thé_re has been a considerable revival. of

5-9

interest in RakE, because both the shape of the spectrum and thé degree
of polarization of the emitted:electro.ns are possible checks on time-reversal
iﬁvariance, Perhaps the best discussion of this point is contained in the
papér of Alikhanov et al. who measured the polarization of the decay elevc'crons.8

They point out that the degree of poiarization fixes the range of a parameter

X determined by the ratio of certain nuclear matrix elements and that this
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range is.extremely sensitive to any violation of time-reversal invariance.
They find little or no evidence for a vi‘olatian, buf poinf out t}hatva..diur‘ect
bbcagléulati'o.n, of X frombthe sheli model would be a use:;‘.ul check on“their.:c‘;)‘n- ‘
~clusion. Such a calcula'tion'wOul@.involvé a.kﬁowlédge,of the nuclear wave
function. ‘One indépendent check of the correctness offthe wave function:would
.be a comparison between expefimental and cal‘culateda'values of the nuclear
momént of RaE.

. Thefe has been one prior attempt to measure the hyperfine -structure
of RaE—-fhat of Fred et al. who used the method of optical s'pectr.o'sc"o_py‘,_ 10
However,, their apparatus.was inadequate to resolve thé. hyp'er‘.fin‘e structure,
énd.they assigned a nuclear magﬁetic moment of less than 0.1:that of the ..

stable B1209

. - This appgared unreasonable.in view of the large mo'me'n’_t»‘(‘)f' -
this latter isotope 1(4 nm), . ah_d-.they, were _ledv.t'o. assign an erroneoué ;spi_n )
vvalue. (I = .0), to- RaE. - Some of‘the consequences of this 'assignmentza‘jréﬁ_ .
traced in a paper.by, Lee-'Whit'irigll on the B spec"trum of RaE.

. The results presented here sﬁpplenient a'large',body of information that
exists now on the nuclear moments of bismuth isotopes: 12 ‘Blin=Stoyle and
Parks have explained the large deviation of the moment of'Bi-209‘: from: the
.Schxﬁidt value as being due to interconfigurational mixing, 13 but as. far as we

know, no systematic attempt has yet been made to explain the:variation of

moments between different bismuth isotopes.

'y

oy
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II. THEORY

210 . 14
is 1.

The nuclear spin of Bi This value of the spin restricts
fhe angular-dependent interactions between the nucleus and surrounding
electrons to magnetic-dipole and electric-quadrupole interactions. These
interactions give rise to the hyperﬁhe. structure anci can bé represented by
-a Hamiltonian of‘.the form

H=aT T+ bQy,. (1)
- where a an& b are the AmagAnetic-dipole and e1¢¢trié=quadrupole interaction
constants, respectively, I is the nuclear spin, T is the electronic angular

s

momentum, and pr is given by1

. o 3T H43/2T- D -10+1) IT +.1) @
op : 2I(2T - 1) J(2T7 - 1) ° :

In the absence of an applied magnetic field, the.total angular momentum,
CF=14 T, is a constant of the motion. In a representation where F_Z and

'Fz "are diagonal matrices, the operators 1,7, and QSp are also diagonal.

Therefore,. the solution of Eq. (1) can be written
(W/a)p = C(F) + C,(F) b/a, | (3)

where Cl(F), and CZ(F) are constants depending only upon .F for a given
Iand J,  and -(W/a)F is the energy, in units of a, of the hy‘perfi'nveflevel |
characteli'ized_by,the 'quantum number, F. A plot of (‘W/a)F vs b/a is a
‘straight line which in.geheral has a different élope for each value of F.

A plot of \(W/a)F is .shown in Fig.. 1 for values of I ‘a.nd J appropriate to

.Bizl'o (i.e., 1 and 3/2, respectively). For vanishing quadrupole moment, -
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Fig.

1.

MU-15559

7/

Hyperfine level separatmns (in units of W/a) in an
isotope with I = 1, J = 3/2 plotted as a function of b/a.
Note that in the diagram, a has been assumed-

positive, whereas in fact the sign of a in RaE is

not known..

%

/N
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we have b = 0, and the hyéer.‘fine.separ.ations between_levele ofv.vdi'ffel.?ent |
F oeey -the well-kn'own Landé interval rule. Fo'rivalues ef‘ .vb/a lees than
-Z or greater than 2/3 the levels are no longer in. nermal order,.\and an
inversion is said.to exist. Such is the case with Bi 10, where b/a = 5 160.
When an external magnetic field H is present,,the _Hami_ltonian (1)

becomes

,}(’za I-J+bDb Qop- gJHOJo.’H— g‘IA“OIB'H’ - (4)

where g3 and gy are the electronic and nuclear g factors, respectively,

209

and Ko is the Bohrvmagneton; g3 has been measured in stable Bi and

has the value gJ = - 1.6433%0.0002. 16 For small values of the magnetic field

'H, .i.e., for g3 Mo T-H<<al- T, the separation in terms of frequency,

between adjacent magﬁetic sublevels of a given value of F can be written as
MOH v . :
V.= gF——B— 3 (5)
where

_F(F+l) + J(J+1) < I(I+1) -
8rp~g; ZE(E+T) (6)

Here h is Planck?!s constant,. and in the expression'for gF a s.mall, term

roportional to has been omitted. - During the course of the experiment,
prop 81 g P

_the transitions labeled a and B in the enevrgy-le,vel diagram of. Figb.,, 2 were

observed, first at low fields, where their field dependence is given by Eq. (5),

and then at higher and higher fields, where the dependence is determined by

_an exact solution of the Hamiltanian (4), and in particular by the values of

a and b. An IBM, program has been written to.solve the Hamiltonian as
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a function of magnetlc field. The input data are. the observed trans1t10n
frequenc1es and. f1elds and their uncertainties., The output 1s thev best values
of . a and b obta1ned by a least- squares f1t of Eq (4) to. the data. 'Prov151on
is made w1th1n the program to permlt g5 to be an 1ndependent parameter v
if th1s»1s SO. de51red in th1s case the output is the best values of a, b, ‘and
gJ | - With these. values of a .and b a second L. B. M.. program 1s..used to
calculate transition frequencies at higher fields, and a.search.1s.rnade ,for

new resonances. - When they are found, the new data is treated as ‘described
above and.the process continued until ‘a2 and b are'known sufficiently ac-
curatelyv to permit a search to be made for the direct hyvper.fine)transitions

(Al? = % 1) at low field. . The fit of the Hamiltonian (4) 'to‘ the data depends _
directly, upon.the choice ot' the sign of g - The data is..proc_essed Afo‘r botlr |
.c_:hoices_“of sign, and the ''goodness of fit''is determined by the X’Z test of
significance. 17 In this way, the.sign ofb the nuclear moment can be determined
if the precision of observation j’.ustifies‘.‘ Tlle,se programs have.been.deSCribed

_elsewhere, 18,19
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III. EXPERIMENTA&... METHOD
.The .atomic-beam apparatus employed if01j this.experiment has been
descr,ibedvin.a.p'reviou’s publication. 20 In_\the.way,.first suggested by
Zacharias, zAl_the fnagnetic fields are adjﬁ'sfed,to.obéerve "flop~in" transitions
‘only. . The observable transitions within a.gi'venv F s-tate.ianizlo--those'
labeled a and B in Fig. 2--a1"e
» Mg =%<——> F=

: -1
a: (F= , Mp=- 7).

w nN;

3 3
s MF = EQF— Z,MF = 7) /o
. The a transition was observed.up to a field of 50 gauss and the

4

B: (F =

Nw o

to a field of 129 gauss where values of a and b ‘were obtained sufficiently
accurately to permit a search for the AF = % l,dﬂirect hyperfine transitions.
All allowed;direcf hyperfine transitions have been observed at low field
during the course of this experifnenf, The active éar_nple was produced.by the
reaction Bizo9 (n,y)BiZlovin' a reactor. Because.of the low thermal-neutron
capture cross section of B‘1209(0.002 barn) large samples of stable bismuth
->('5-‘g) Wére;exposed.fér. 15 to Zb déyé in a flux of 2><101>3 neutrons cmnzsecal.

, Tﬂe ,resultipg,speéific.'ac,ti'vity‘ of the samples was low, blu’vc‘with,relatively
~long exposu:re and.coi.mting times (usually about 10 fnin), excellent resonances
‘were obtained. - A typical. res‘onapce_is shown in -Fig.. 3. The,active‘s.ample is
evaporated from the oven shown in Fig.. 4. Bismuth tends to evapérate as
diamagnetic molecuies, and before an atofnic=beam deflexion experiment

~

upon it is possible the molecules must be dissociated to atoms. . The oven .

e

snout is heated at its tip by electrdn.b_om_bardment to a temperature of about

1500°C when bismuth molecules are well dissociated. . The vapor pressure



W (Mc/sec)

475

400

300

200

Fi)

F=5/2

-100
F=3/2
-200

-300

-400

-475

a

=21.7810.03Mc/sec
b=112,38£0.03 Mc/sec
I=1 J=3/2

- -10- UCRL-9729

210
g3Bi

MJ='/2-
M, =-1/2
o M, =-3/2
| | | | | | | | | | | '
O 10 20 30 40 50 60 70 80 90 100 {0 120~
H(gauss) )
MU - 22401

Fig. 2. Energy levels'of RaE plbttéd as a function of magneti;:

field. These were calculated with the aid of I. B. M.
program,; the sign of a has been assumed positive.
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‘B transition
1ok (F=3/2,Mg=3/2~—.
F=3/2, MF= |/2)
vk =24.05Mc/sec
8 H = 30.00 gauss
vg;=62.43+0.15Mc/sec
6_
41— N
] , Machine
oL y ‘ . : ¢ background
O—_
| | | | 1 1 | I l I
61.6

6.8 620 622 624 626 628 630 632 634
vgi (Mc/sec) S

MU -22397

Fig. 3. A Bi%10 resonance.
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A
1

A
- |
0.004
- SLIT |
: MU-23859

Fig. 4. Diégram of snouted oven where A is 5/8 in and

B is 1-1/16 in.

N
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of the bismuth is. maintained at a proper value by conduction of hieat down

the s_riout to the oven block; during operation the oven temperature was about
BOOQC, The snout and oven block were manufactured from tantalum 'meta.,l,'
and the exit slit at the end of the snout is 0.004 in. wide and 0.040 in. high.
thh.this_ arra.ng'ément, a 70% dissociated beam of bismuth atoms was obtained.

. 2 - .
. The beam of Bi 10 was collected upon - 'buttons, ' the surfaces of which

.were freshly coated with sulphur. The buttons were counted.in small-volume,
. continuous-flow, methane counters. Before counting, the active surface

- was covered with a single layer of scotch tape to prevent the counting of the

a —,activity which is present in the beam and which arises from the decay of the
Bizlozdaughter, Po'210 in going to Pb206.,
IV.. RESULTS

Table I contains a list of all single-quantum transitions observed

*

: oA\
during the course of this experiment. . The last column in -Table I contains

the compounded uncertainty (Av‘i)jin the position of the ith resonance center

obtaihed'from the relation

9g | 2 1/2

: 2 1%
Ay = [(Afi‘) + EHLI f(AHi)ZJ (7)

Here Afi ‘is the estimated uncertainty in the position of the center of the ith

resonance, | 8fi/8Hi. is the rate’at which the frequency of the ith resonance

varies with magnetic field, and AHi is the estimated uncertainty in the

magnetic field; AHi' is estimated.from the width of the calibrating

.210

isotope resonance. - We have taken the uncertainty in both the Bi and

- calibrating isotope resonances as one-fourth of their observed.line width.
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In.addition to.the 16 resonan(c1esvtabulated,in Table I, three two-. -
éﬁantum resonances of the type.(F = 5/2, Mg = 1/2 £ F 55/2.) MF?j‘3/2),
were ..obser,ved.v. These are listed in Table II. It is of interest to note that
these transitions are obs e'rved at field values‘,where'_,the differences infre-,
‘quency between.the contributing transitions are many line widths. For ex-
.ample, for the“resonance.s :Jbserved;aj: 30.0 gauss .the relevant frequenciy dif-
fierence is 160 line widths. No extraordinary amount'of._racii_ofr_equency,
power was.used to induce these transitiéns,..wixich ~.w§1"e observed.accidentally
at.. the same radiofrequency loop current ( ~.70 ma) u.sed- to observe the
single.quantum t‘rans_‘.iti;)ns .

. The final valué_s.cé.iculated _f;jr a .and b on t}.1_e.basvi_>s of the feSults
" in Table I are: _ . | , .- | » |
| al = 21.78%0.03 Mc/jec
A lb'v.: ilZ.,_.38 + 0.03 Mc 'Sec¢
with | o

'2.=,+,-5.,.160 £.0.007."

- The uncerj:é.inties quoted-are. fhree,times the mean-square ,iincertainti,es

:vcalculatedvon, the basis of weights derived from Eq (7), and-are inte_n,ded.t’c;

' allon for any unknown. souréeé of ‘syvs'tematic‘er‘roro . The values ‘of_ X |

-;(sé_e refer.venc.e 17) for the-twé poszs‘iblé chgices of si:—éq of gI are: |
‘A.v'xvz(gl >.0) = 7.75 |

: xz(gI <0)="7.72.

/’s“



]

~15- . " UCRL-9729

. The close agreement between these two values means that the. experimental

210

data cannot be used to determine the sign of the nuclear moment pf Bi
There are two reasons for this failure: (1) the small size of the nuclear
moment of Bi210 and (2) the inadequate resolution of the C magnet at high

field values,. where the line width is appreciably increased by ﬁeld,'inhomogenieties,

‘The data has also been reduced taking gy as.well as .a and b as

free parameters with the result 81 =-1.6431 % 0.0004. This result agrees

well with that given in reference 16 and serves.as an.additional check on the

consistency-of the data.

. Table I. Observed Resonances ih.B’iZ'lo

Resonance type ~Resonance Calibrating Magnetic Comiooun_ded
: ‘ frequency frequency? field " ~uncertaingy
. (Mc/sec) (Mc/sec) = (gauss) (Mc/sec)
a.(5/2,1/2¢=55/2,-1/2) _ 54.299 24.150(K)  30.000 0.110
a 103.699 144.209(K) 49.998 0.104
B (3/2,3/2¢3/2,1/2)  10.100 2.000(Cs) . 5.708 0.142
B 15.550 3.000(Cs) 8.555 0.171
B ©27.000 - 5.000(Cs)  14.236 £ 0.150
B 39.200 7.000(Cs)  19.901 0.165
B 62399 . 27.150(K) 30.000 0.099
B '111.349 44.209(K) 49.998 0.113
8 173.448  74.425(K) 75.000 0.163
B 304.896 160.230(K)  129.000 0.163
v (5/2,1/2653/2,1/2)  194.798 0.704(K) 1.000 0.038
v, 194,768 1.700(K) 2,400 10,056
v,(3/2,-1/2031/2,1/2)  223.022 0.704(K) 1.000 0.149
v, . 298.366 17.060(K) 22,001 0.160
v3(3/2,1/2¢>1/2,-1/2) 217,247 0.704(K) 1.000 - 0.151
v, 1181.108 120.000(K) 25.388 0.008

®Note that both cesium and potassium have been used as the calibrating element.
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- . Table II. Two-quantum transitions

Magnetic field " _ " Observed frequency - Calculatéd'freqﬁ‘éﬁcya "
(gauss) _ (Mc/sec) o (Mc/sec)
14.24 | | 20.050 £0.150 . 19.940 - - “
19.90 S 27.975 + 0.075 : 27.960

30.00 |  42.400 % 0.075 42.230

20Observed transitions are assumed to be identified by the quantum numbers

- (F = 5/2!.’ MFE 1/2 <'_>F = 5/2, MF :—3/2).  .

V. MAGNETIC DIPOLE MOMENT

The 'ma;gnetic‘_ dipole moment of RaE can be calculated (hegle'c_ting a
‘possible hyperfine anomaly) from the formula

B U B |

ha 3 L

together with a knowledge of W, a, and I for the stable isotope Bi%09,

09

Using the value of the magnetic moment of Bi2 as measured by Procter

and Yu“zz and corrected for diamagnetism b jWalchli23 M =4,07970 (81‘)nm y
' w7 & y.-u F209

the.spins I 9= 9/2 and v-I‘21 = 1, and the present value of a

210° we find

20 0

|p_210 | =0.0442 £0.0001 nm.
J C ' .
. The sign of H210 is not known, because the sign of 2510 has not been de-

termined in this experiment. : : 4

(9]



~

;matrix and used it to obtain an expression for gJ“_,in intermediate .coupling. ’
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V1. 'ELECTRIC QUADRUPOLE MOMENT
The electric-'qﬁadru'pole interaction constant, b, is relé.vt_edvt'zd the

quadrupole moment, Q,. by the expressi‘on |

‘hb = - Q<3 o *o- 1> N (8

where the average is taken in.the state M = J and summed over all electrons.

. To .evaluate.this expressibn, we must know the electronic wave function.

16

- Since the gj value of bismuth is known to be -1.6433+0.0002, and.the g5

_.values for pure LS or JJ coupling are -2 and -4/3, respectively, it is

apparent that the electrons are in a state of intermediate.couplingg

The electromc ground-state conflguratlon of bismuth is 6s 6p3,

, 2 2
in the LS scheme the three p .electrons can couple to levels 5/2, 3/2,

4

. and S3/25 The J value in the ground state is 3/2'and since J is a good

-quantum number, the intermediatly coupled ground- state can be. expressed

2

s (s ' 2 _ ' 4.
.as . a linear sxrperpos_lt1on__of the three levels - D3/2, P3/2,. and «S3/2. .The

degree of level admixture can be determined by diagonalizing the 3-by-3 ‘

-energy matrix in the LS energy scheme, treating the ratio of the. electro-

-statlc 1nteract10n energy to. the spin- orblt coupling energy as a varlable

level scheme;

parameter, X, to be obtained.by a fit to the expenmental

for bismuth, Condon.and:-Shortley find X = 0.2.95'. Once the energy matrix

has been determined, it is easy to find the transformation matrix that de-

.termines the level admixture.

On the other hand, Inglis and Johnson have taken the transformation
| 25

*With 8= - 1.6433 and the method of Inglis and Johnson, Lindgren ‘and
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Johansson have found X = 0.300, _ which is in good agreement with the
‘va.lue obtalned by Condon and Shortley The 1ntermed1ate coupled wavefunction
.in the JJ couphng scheme can be written as
b= G+ Couy + Cdy | )
~where

3.3.3 3.3 31 ‘1 '
b=z 2 220 V2= (2 2 2)320 2nd Y3 =05 3 230

b

Lindgren. and Johansson find

- 0.177

Cp= | |
C,= 0318 | 00
Cy= 0.932.
‘ | ' | /3 2 9. 1 o -
- Schuler and Schmidt have.evaluated <Lsh_>n_ in intermediate .coupling,
: and f1nd
3 cos 0- 2
< > 5 E [(c Zc,Y R+ 24/ c,(C +c3)s] <_3_>

(10)

where _R;' and -'-.Sr’ are relativistic correction factors tabulated by
Kopferfnan_n; v
Using calculations of Breit and Wills,’ 27 Lindgren_and Johansson have

1
.shown that

2 rié6 1 2 16
ha =gk Lps b f 5C ) - "'SC P Ty 5 C2(C) C3)(3] <"‘3>
(11)
where :F', F'", and G are again relativistic correction factors_tabulated

by Kopfermann. 26 Combining equations 8, 9’10, and 11 and using the values

~
L
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‘and Smith .ha_ve.éstindatedthe quadrupole moment of Bi
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09

.of ‘a.and 81 appropriate.to Bi2 ’ to determine. <1/r3> ,, Lindgren and
-Johans son derived-a general expression for the qﬁadrupdle..moment of any

.isotope . of bismuth:

\.8_= 1;,14><1o‘3'barn, I ('1.2)

.where b is in Mc/sec. - With this result we find

= 0.13+0.01 barn, o (13) .

o IQ (BiZlo)l

where we have assigned the uncertainty somewhat arbitrarily but taken it
large enough to embrace any corrections due.to polarization of the electron

.cloud28 or possible uncertainties in the above calculational procedure. . Title

209 i1 a slightly dif-

ferent way. . They obtain <1/r3> from the fine-structure separations.

Using their.method,, we .findv.thev same result as above .‘(’withi_n the quoted un- -
cert ainty) .
HYPERFINE SEPARATIONS
- The valﬁes of thé hyperfine separations in. RaE calcuiated from the
above values of a .and b and Eq. (3) a:fe_ |
Av (5/2, 3/2).= 194.93 £ 0.09 Mc/séc | -
Av (3/2, 1/2) = 220.19 * 0.08 Mc/sec ”'(1_4)
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. DISCUSSION-
Bismuth- 210 has 83 protons and 127 neutrons. The nuclear spins of

Bi%0?, Bi%05, and 8i%0?

are all known to be ‘9/2, 2 a fact consistent with
.the. odd proton lying in the h9/ level The sta.te of the oddvneuti'on'is not
known, . but it could lie in one of the levels g9/2’ 111/2, g7/2 and couple
with the proton to.- give a. resultant spin of 1 In Table III we have 11sted for
: possibilifi'es the magnetic moments of BiZIO calculated on the assumption
_that the -‘proten and..ueutr'on parts of the core fcouple.togefh’er in 'jj coupling.
. The magnetic. moment can be written
' G+ =36+ D)

1 50t 2Un

Bt 2 ng+gn)l+"(gp=gn) : I+1 :I :

(15)

Her.e'.'g'P _and g'nv .are tlie_ g factdrvs",,'o‘f the odd.proton ,and.ueutren;/ j:I):"'end
jn- are their angular momenta, and I is the nuclear spin; . For the pfet-on'
part, we have used 8y = 0.9066, an effective value derived.from the known
209 '

‘magnetic.moment of Bi ., for the neutron paft, we have taken the Schmidt

- value for g, -in.each case.

. Table III Calculated magnetic moments
210 )

of Bi for dlfferent pos51b1e nuclear conf1gurat1ons
_Presumed configuration S Calculated moment
’ " (nuclear magnetons)
Amhg ) (Vgg n) | | | 0.24
.("Th.g/z) (v 111/2) C C e : -1.08

(Thg /2) (v &7/5) - | 1.75
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. It appears that the most probable pure configuration if no mixing is assumed
1s( ﬂh,,9/2) (v g9-/2) . The experimental moment is so close to zero that we

- are not justified in presuming that it has the same sign as that calculated for

the ( '1-19/2) (v g9/2) cenfiguration,_ i. e.. that it is positive.
Newby and Konopinski using pair-interaction.considerations deduce

29

the nuclear.ground-state wave function of RaE to be

¢ =0.936 |139/Z ig/p T 13+ 9.13'4[1;9/2 Bg/2 7 = 1>

+0.327 ¢ . T =1,

S '_7/2 89/2 >
(16)

which is consistent with an energy separation of 0.047 Mev between the

=0and J=1 .'sta‘tes,_, the latter state being the lower. . Using this wave

_function which -has its major contributidn from the term representing the

(m h9/2) (\111 1/?_) conf1gurat1on, Newby, and Konop1nsk1 have evaluated the

nuclear moment to be = - 0.75 nm. This value is not in good agreement

with the experlmentally determined value of l pLI 0. 0442 nm although it is

possible that minor variation of the coefficients in Eq. (16) may improve. the v

\

agreement.

) Blin-sStoyle. gives. an expression for the :quadrupole moment of an

 odd- odd nucleus on the S1ngle particle model. 30 Assuming the conflguratmn

l

210

‘(“h9/2) (vhg/z) , we have evaluated this expressmn for Bi and.fl_nd

QB 8:i%10) = 0.08 barn. | (17)

.If the positive sign of this quadrupole moment is taken to be correct, the

sign of the magnetic moment of Biz‘lo is negaﬁve. . We feel that no great

faith should be put in this argument.
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