






































































































































































ri = 0 (as for WS2) 

I= 2 

E o/ T 

2 -(1/4)e qQ Io> .1 

-(1/8)e2qQ 1±1> 2 

+(1/4)e2qQ 1+2) 2 

ri f 0 (as for wo3) 

E 

-(1/4)e
2

qQ(l + ri2/3)1/ 2 

2 
- (1/8)e qQ(l + ri) 

2 -(l/8)e qQ(l - ri) 
2 +(1/4)e qQ 
2 2 1/2 +(1/ 4)e qQ(l + ri /3) . 
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Table m. 4 

I= 5/2 

E o/ 

2 
-(l/5)e qQ I± 1;2> 

2 -(1/20)e qQ I± 3/2> 
2 +(1/4)e qQ I± 5/2> 

I= 2 

l+2)+j-2) 

-V6/ri)Cl+(l+ri
2
/3) 112J jo> 

I +1> - 1-1> 

l+l)+j-1) 

I +2> + 1-2> 

I +2> + 1-2> 

-V6/ri)[l- (l+71
2
/3) 112J 10> 

I= 5/2 

E. = (1/40)e
2

qQ • (jth solution of the equation: 
J 

x
3 

- 28x(3 + 71
2
) - 160(1 - ri

2) = 0 ) 

* j = aj I± 5/2 ) + bj I± 1/2) + cj I+ 3/2 ) 

T j = 1, j = 1, 3 

T 

1 

1 

1 

T 

1 

1 

1 

1 
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Table ill. 5 

Results from the study of quadrupole interactions. 

Numbers within parentheses are standard deviations. 



Table IlI.5 

• b) ! Electric Field I x2 I 
Absor ber

11
) 

2 
Gredient e) Q(5/2-) Relative Peak 

Source Fitted Width 
ce QQ_ 

Inte:-is it ies or 1~1 Ey 
_,_ 

eq Q(2 ' ) Asyrrnctry 

m.'Tt/sec mm/ sec 
18 2 Para!lleter 

I 
10 V /cm 

I I I , .. 

I 
I 

11.58 
I 

2.49 (0.04) 10.04 co.06) I 2 : 2:1 d) 

I 't.'S2 

10 .07 (0.06) I -1. 86 ± 0.05 - 1 2.50 (0.04) 2 .12: 1. 96 : 0. 9 3 1.01 I 
I 

I I I 

' 182 
Ta 2.84 (0.08 -8. 7 3 (O. 09) 

I 
2:2:1 d) 8.18 

W0
3 

. I 2,76 (0.06) -8. 23 (0 . 10) I 2.12 : 1.41: 1.47 4.25 

I 2.42 (0.04) 

I 

-8.34 (0.05) I +l.54 ± o.04 I 11 c 0.63 ± 0.02. 2.18 
I ' 

I 

4.8 (0 .3) 9 .45 (O . 40) 0.931 ± 0.038 l: l : l d) ·o.93 

* w s
2 4.7 (0 .3) 9.55 (0. 38) 0.939 ± 0.036 , l.06:0.99:0.95 d) 0.92 

Tal83 

0.940 ' 0.050 I· . 0.63 * w 03 5 .1 (0 .3) -7 .92 (0. 37) d) 1.10 

I 

I Q(5/2-) = - (1.70) ± 0.07) 
barns e) 

2 * 2 a) The thicknesses were 50 mgW/cm and 22 mgW /cm / where the symbol * stands for enriched. material. 
b) Not corrected for absorber thickness. 
c) 1'hc s tandard dev iation of X2/(N - n) ~ 0.14 for nll the fits. 
d) K~pt fixed in the fitting procedure. 
e) Adop ting Q(2+) = - (1.81 ± 0.05) barns, inferred from Coulomb excitation experimen ts (Ref, 30). 

-.J 
O' 



77 

IV. DISCUSSION 
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IV. DISCUSSION 

1) Wiagnetic Fields 

The internal magnetic field (715 ± 10 kG; see Table ID. 2) 

at tungsten nuclei in dilute solution ill iron determined in the present 

work is in agreement with that (700 ± 70 kG) obtained in an earlier 

MClssbauer experiment21) and the NMR result (635 kG) of Kontani and 

Itoh, 22) but is inconsistent with the value (430 ± 100 kG) determined 

by the Coulomb-excitation technique. 23) There is better agreement 

among the results of the present measurements of the internal fields 

for tungsten incobalt(360± lOkG)andnickel (90 ± 25 kG) and the fields 

obtained in Coulomb-excitation experiments23) (Co: 330 kG; Ni: 60 

kG). The NMR result for W in Co is 385 kG. 22) 

The discrepancy between the values of the internal field in W- Fe 

obtained by Mtlssbauer and NMR experiments and the value obtained 

by the Coulomb-excitation technique is not at all understood. The 

discrepancy might be due to a dependence of the field on the concen­

tration, since vastly different concentrations were used in the 

Mtsssbauer and the NMR experiments as compared to the Coulomb­

excitation experiments. However, for concentrations from 0.18 to 

3.6 at.% tungsten we found no such dependence for tungsten-iron 

alloys. Herskind et al. 24) have found a similar discrepancy for 

Pd-Fe alloys, and they contend that the implantation technique used 

in the Coulomb-excitation experiments results in a different internal 

field from that obtained with a metallurgically prepared alloy. This 

may be because the nucleus recoilling into the lattice produces. local 

disturbances which are not present in the metallurgically prepared 

sample. Finally there may be a temperature dependence of the 

internal field, since both the MC1ssbauer and the NMR experiments 
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were done at liquid helium temperature, while the Coulomb excitation 

was done at room temperature. 

The internal field (1190 + 40 kG; see Table ID. 3) for pt 

in Fe obtained ill the present work is in rough agreement with the 

NMR resuit22) (1280 kG}. There is better agreement between our 

results for pt-Co (860 ± 30 kG} and pt-Ni (360 ± 40 kG) and the NlVIR 

results (830 and 340 kG, resp.). 

Figure IV . 1 shows the variation of the internal field Heff 

for several elements in dilute solid solution in Fe, Co, and Ni as a 

function of the magnetic moment µ eff (µhost ) on the host atom. 

Shirley and Westenbarger
25

) have attempted to explain the internal 

fields of transition elements dissolved ill magnetic hosts of the 3d 

transition series. Their approach assumes that the major portion 

of the field is due to a polarization of conduction electrons (CEP) 

by an exchange interaction involving the conduction electrons and 

the 3d electrons of the host atom. Their explanation predicts a 

linear dependence of the internal field on the host magnetic moment. 

As is seen in Figure IV. 1, the fields for tungsten and to a lesser 

extent platinum, deviate from this predicted linear dependence. 

Their explanation is :therefore incomplete~ 

..A..lthough Shirley and Westenbarger mention other 

mechanisms that could possibly contribute to the internal field, 

they do not consider these to be important. However , the trend of 

our data for tungsten and platinum indicate that their premise is not 

valid. When an impurity element of a transition series is dissolved 

in a magnetic host of the 3d transition series, the spin of the host 

polarizes the spin of the d shell of the impurity, which in turn 

polarizes the core electrons. After Campbell26), the polarization 

of the core (CP}, and the field produced by CP, is taken to be 
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proportional to the magnetic moment of the impurity, µ. •t • · · impur1 y 
Thus, for Wand Ft, elements of the 5d transition series, both CEP 

and C P contribute to Heff' which may the ref ore be written as 

H ff = a µ. ·t· +b µhost· e impur1 y (IV. 1) 

The parameter a, which gives the contribution to the internal field 

from C P, is not expected to vary with the number of d electrons 

within a given transition series, because the core electrons are 

predominately inside the d shell. 27) By contrast the contribution 

to the field from CEP, given by the parameter b, varies markedly 

within a given series, 25) since the d electrons vary from element 

to element and provide variable shielding for the conduction 

electrons. Values for µ. ·t for a number of transition · 
impuri y 6) 

elements, including Wand Ft, in Fe have been derived by Campben.2 

from neutron diffraction data. For Fe, Co, and. Ni, µh t~ 2.22, 
· . 28) 29) OS 

1. 72, and 0.606 Bohr magnetons, resp. ' 

Our confidence in the validity of Equation IV. 1 is 

increased by considering the data presented in Figure IV. 1 for 

Au, Ag, and Cu. These elements are diamagnetic atoms at the 

end of each of the transition series. Since they have no magnetic 

moment.s , there is no contribution from CP. The internal field is 

then given by the second term alone of Equation IV .1, in agreement 

wit h the linear dependence evident from the figure. It is thus 

reasonable to assume that t~e deviation from the linearity that 

was predicted by Shirley and VI estenbarger is due to the additional 

contribution to the field from C P. 
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2) Nuclear Parameters for the 5/2- and 3/2- States in w183 

This experiment provides the first measurement of the 

electric quadrupole moments of the 5/2- (99-keV) state in w183 and 

of the magnetic moments of the 5/2- and 3/2- (46.5-keV) states. A 

value for the lifetime of the 5/2- state is estimated in this work, but 

large corrections had to be made which were based on assumptions 

that are not well established (see Section ID . 4b). A reliable measure­

ment is made of the lifetime of the 3/2- state. Previous estimates for 

these lifetimes have been made based on Coulomb-excitation experi­

ments30> and the Mtlssbauer e'xperiment of Sumbaev et al. 31) How­

ever, the present result for the 3 /2- lifetime represents a considerable 

improvement over the previous values. 

The nuclide w183 is a strongly deformed nucleus whose 

level scheme consists of several bands (see Figure I. 1). The level 

structure and the Y - ray transition intensities in this nucleus cannot 

be well accounted for by an adiabatic rotational model for the nucleus. 

A significantly improved description was obtained by Kerman32) as 

the result of mixing of states in the two low-lying bands, K = 1/2 and 

3/2; by Coriolis coupling (the RPC model). More extensive band 

mixing has been considered by Rowe33) and by Brockmeier et al. 34) 

In this section a comparison of the experimental results with calcu­

lations in terms of the RPC model will be made. The results of the 

work of Brockmeier et al. , namely the mixing parameters and 

magnetic matrix elements, and its notation will be used. The 

admixture of states of the higher bands into the low-lying levels is 

very small. The ref ore mixing of states in only the two lower bands 

is considered. Thus the moments and the Ml and E2 transition 

probabilities can be described by the following eight matrix elements¥4) 
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0 1;2 1;2 G1/2 1/2b 0 1;2 3/2 0 3/2 3/2 d Ql/2 1/2 

Ql/2 3/2' Ql/2 3/2bMl' Q3/2 3/2' Kx an ' 
, E 2, , where G = K (gK - gR) and 

bMl = bo.f 2. 
The accurately determined ratio of the quadrupole 

moments, Q(5/2-)/Q(2+) = 0.94 ± 0.04 (see Table ill. 51 suggests 

a comparison with accurately measured B(E2) values for Coulomb 
·t t· . w1a2 d w183 30) Th . . t d . exc1 a 10n m an • e comparison is presen e m 

Figure IV. 2. In this figure Q(5/2-) may have been incorrectly 

derived. Our determination of its value depended on the derivation 

of Q(2+) from B(E2; o+ -+ 2+). In this derivation we assumed the 

correctness of the rotational model for w 182• However, recent 

Ml5ssbauer experiments
35

)in,W
186

and the theoretical calculations 

of Kumar and Baranger36) have cast doubt on this assumption. Thus, 

the inconsistency apparent from the graph may be due to an incorrect 

value for Q(5/2-). In any case the diagram allows the determination 

of Q1/ 2 112 = 6.5 ± 0.3b and Q1/ 2 312bE 2 = -0.4 + 0.5b. 

The measured magnetic moments, µ (3/2-) and µ (5/2-), 

and the measured half-life of the 3/2- state can be compared with 

values derived from the magnetic parameters of Brockmeier et al. 

The latter were obtained from the fit to a large number of relative 

y-ray transition intensities37) with the assumption Q1/ 2 112 = 6.5b, 

which agrees with the value determined above. To calculate the 

magnetic moments the g-factor for the core rotation, gR, must be 

assumed and is here taken equal to the g-factor of the ground state 

rotational band of w 182, since the contribution to gR from the odd 

neutron has been accounted for in the band-mixing theory. Contri­

butions to gR due to higher bands and blocking effects are small 

compared to .the .uncertainty~ the g-factor of w 182• The comparison 
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is presented in Table IV. 1. It is seen that µ (1/2-) is well accounted 

for, but µ (3/2-), µ (5/2-), and B(Ml; 3/2- - 1/2-) differ from the 

predictions of Brockmeier et al. 

Recently, new~xperimental information on the w183 

nucleus has become available, 38), 39) which, together with the results 

of the present experiment, calls for a redetermination of the magnetic 

single- particle matrix elements. The data used are the results of the 

present measurements, the value of the ground state magnetic 

moment, and those B(Ml) values for transitions of predominantly 

magnetic character that can be determined most precisely. In Table 

IV. 1 are listed the experimental quantities used. These are fitted to 

the theoretical magnetic transition rates and moments32), 34) with the 

least- squares method. The fit is found to be insensitive to the 

parameters G112 3/ 2 and G3/ 2 3/ 2 • . The influence of various 

constraints on these parameters was investigated to determine the 

reliability of the values obtained for the parameters gR, G
112 112

, 

and G112 l/2bMl. The results of such a fit are also included in the 

table. It was also found that these latter parameters do not depend 

sensitively on any individual experimental quantity. The following 

values are the results of the fits: 

gR = 0.25 ± 0.04 

Gl/2 1/2 = -1.06 ± 0.05 

Gl/2 1/2b 
Ml = -0. 74 ± 0.06 • 
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The Nilsson model allows us to understand the values 
1/2 1/2 1/2 1/2 . . 

of G and G bMl by the express10ns: 

a1
/

2 l/2
:: (1/2)(gK - gR):;: (g-e, - gR) (1/2\jz\1/2) +(g~:-g-e,)(1/2\;z\1/2) 

(IV. 2a) 

1/2 1/2 . ~ . + "' 
G bMl • /"2; (gK-gR)b0 :;: (g-e,-gR) (1/2IJ+\ -1/2)+(gs-g-e,)<1/ 2ls+ l-1/2) 

(IV. 2b) 

where, in the strict sense of the model, gz :;: g + :;: g , the free nucleon s s s 
value, and gR :;: gR. The bras and kets refer to single-particle states. 

It is well known that the interaction between the spin of the odd nucleon . 

and the spins of the nucleons in the core reduces the spin contribution 

to the nuclear magnetic moment, and that this effect can be accounted 

for by the use of an effective value in place of g • It has recently 

been pointed out by Bochnacki and Ogaza 41) thats the component of the 

spin polarization of the core in the direction parallel to the symmetry 

axis of the nucleus might not be the same as that in a direction trans-
. z 

verse to the symmetry axis. Therefore one may not assume that g 
+ A S 

and gs are equal. The term (g -e, - gR) ( 1/2 I j+ I -1/2 ) is only 

slightly affected by the spin polarization, so that gR ~ gR, 41) and 

we have adopted gR :;: 0.24, an average of several recent measure­

ments. 8) The matrix element ( 1/2 I j \ - 1/2 ) can be obtained from 

the experimentally determined34) deco~pling parameter 
A 

a 0 = - ( 1/2 I j+ ! - 1/2 ) • Since the odd nucleon is a neutron, g .e, = O. 

Equations IV. 2 have been evaluated with various assumptions for the 

potential, 42), 43) and the effective single-particle g-factors, gz and 
s 
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g+, are then obtained by comparison with the experimental values 
s 1/2 1/2 1/2 1/2 . . . . 

for G and G bMl " The effective smgle-parhcle g-

factors are quoted in Table IV. 2. 

For comparison, corresponding values for Yb171 and 

Tm169 have been calculated from available experimental data. 44- 45) 

Since the primary experimental results have not been anaiyzed in 

terms of band mixing, one should in principle correct for the effects 

of band mixing on the experimental quantities gK, gR' and b
0

• 47)' 48) 

Such corrections have been estimated by assuming that only K = 3/2 

bands mix with the K = 1/2 ground state. 47) One consequence of the 

neglect of t he mixing of the K = 1/2 bands with the ground state is 

that no correction is obtained for the quantity (gK - gR)b0. In Table 

IV. 2 are given the results of two calculations of the effective g­

factors gz and g+, one accounting for Coriolis mixing with the . s s 
K = 3/2 bands only and the other without Coriolis mixing. 

It is demonstrated in the table that in all cases the 

values derived for gz and g + using recent Nilsson wave functions 42) 
s s 

differ from each other significantly. It should be pointed out that 

the values calculated for the effective g-factors depend on the 

potential used in the nuclear model. If the old Nilsson wave­

functions 43) are used, markedly changed values are obtained for 

the effective g-factors for Yb171, viz. gz/ g + < 1, whereas there 
183 fl s 

are only small changes for W and Tml69 

3) Ivlagnetic Moment for the 3/2- Level of Pt195 

The value for the g-factor of the 3/2- state determined 

in this experiment (-0.41 ± 0.03) is in good agreement with that of 

Atac et al. 49) (-0.43 ± 0.10) and with the recently quoted value 
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(-0.4 0 ± 0.07) of Buyrn and Grodzins. 50) It is just outside the 

limits (0.47 > g
312 

> - 0.60) giv~n by Benczer-Koller et ~l. 51) who 

assume I Hint I :::;: 1.39 MG for the Pt-Fe alloy. The core-

excitation model proposed by de-Shalit52
) and Gal53) should account 

for the low- energy states in Pt195• Experimental information is 

available for the 2+ states in Pt
194 54), 55) so that a comparison of 

the predicted and measured values of the g-factor can be made. It 

turns out that calculations give values very near zero; hence present 

core-excitation models do not give an adequate description of the 3/2-

state in Ft195. As has been pointed out, 53) the discrepancy might be 

removed if configuration mixing is taken into account. 



87 

Figure IV. 1 

Internal fields Heff at nuclei of atoms dissolved in 

Fe, Co, and Ni lattices, plotted against the host magnetic 

moment µeff° The values for W and Pt have been measured 

in this work. (See Tables III. 2 and III. 3.) The remaining 

values of Heff' as well as the values of µeff' are taken from a 

similar figure in Shirley and Westenbarger (Ref. 25). 
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Figure IV. 2 

Comparison of the electric parameters for w 183 

derived from the ratio of the quadrupole moments, 

Q(5/2-)/Q(2+), measured in the present experiment and 

B(E2) values measured by the Coulomb excitation t echnique 

(Reference 30). The ratio of the quadrupole moments and 

the B(E2, o+ .... 2+) = 4.00 ± 0.20 e 2b2 imply Q(5/:t) = 1. 70 

+ 0.07 b. The three quantities Q(5/2-), [ B(E2; 1/2- .... 5/2-)]1/ 2 

depend linearly on the quantities Q1/ 2 112, Q1/ 2 3/2, 

Q l/2 3/2b d Q3/2 3/2 It . . d th t Ql/2 3/2 = O· E 2' an • is assume a , 

also Q3/2 3/2 enters only in Q(5/2-) and is there of little 

importance. 
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Table IV.1 

Magnetic moments, B(Ml) values, and magnetic 

parameters determined from these. The units for the magnetic 

moments and the B(Ml) values are nm and (nm) 2, respectively. 

Column A gives the result of the fit with all parameters varied; 

column B corresponds to fixing the two parameters to which the 

fit is insensitive. Except where noted, the B(Ml) values are 

determined from the following quantities: 

1) The ratio of the y-ray intensity of the appropriate transition 

to that of the crossover transition originating.from the same 

level (averaged from those of References 37 and 38). 

2) The B(E2) value for the crossover transition (calculated 
1/2 1/2 1/2 1/2 . . from the values of Q and Q bE 2 given m .the text); 

and 

3) The mixing ratio for the direct transition (Reference 39). 



Table lV. 1 
........._~ .... - ··--9 

Experimental Predictions of 
Quanti.ty Fits to Present Data 

Value Brockmeier et al. A b) 

1--~---------- -· ·-

µ(1/2-) 0.117 0.123 0.117 0.117 

µ(3/2-) -0 .1 ± 0.1 -0.28 -0.22 -0. 08 

µ(5/2-) /µ(2+) 1. 75 ± 0.05 1. 98 1. 79 1. 86 

- a) 
B(Ml,3/2 ~ 1/2-, 46.5) 0.209 ± 0.020 0.288 0 .176 0. 178 

B(Ml,5/2 - ~ 3/2-, 52.6) 0.0239 ± 0.0017 0.0316 0.0256 0.0263 

B(Ml,7/2 - ~ 5/2-, 107 .9) 0.216 ± 0.029 I 0.164 0.245 0. 193 

B (Ml, 5/2 - ~ 3/2-, 82.9) (0.94 ± 0.26) ·10-3 . 1.39 • 10-3 0.98 • 10-3 1.02- . 10-3 

-

gR 
.. o. 24 c) 0.25 (0.04) 0.28 

Gl/2 1/2 -1. 25 -1.06 (0.05) -1.06 

Gl/2 l/2b 
Ml -0 .89 -0.74 (0.06) -0. 70 

Gl/2 3/2 -0.21 -0.04 (0.13) -0.21 d)" 

G3/2 3/2 0.68 -0.2 (0.7) 0.68 d) 

"' .... -·-~·~ ... ·- ·- ··· 

a) Calculated from T1/2(3/2\ with at== 8.4 (Ref. 40), and o2 
== 0.006 (Ref. 39). 

b) Numbers within parentheses are standard deviations. 182 c) Adopted value, equal to gR of the ground state rotational band in W ; Brockmeier et al. 
use gR == 0.35. 

d) Fixed at the value predicted by Brockmeier et al. (Ref. 34). 

...0 
N 
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Table IV. 2 

Effective single-particle g-factors derived from the 

results of the present experiment (Vv183) and from the experi­

mental data of References 45, and 46 (Yb171) and of Reference 

44 (Tm169). The matrix elements of the spin operators have 

been calculated from recent Nilsson wave functions (Reference 

. 42), using the potential parameters x. = 0.0637 and µ = 0.42. 

The errors quoted are derived from the uncertainties in the 

experimental data only. 
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Table ·IV. 2 

l . 

I Quantity wl83 Ybl71 Tml69 

' r 

(1/2 j~ j 1/2) 0.281 -0.183 I -0.356 

I (1/2jE,._,_j-l/2) 0.781 0.317 -0.144 
I 

I : 

) a) 1.01 ± 0.02 a) 0.83 ± 0.02 
z/ 0.88 ± 0.04 gs gs 

b) 0.95 ± 0.09 b) 0.76 ± 0.03 
i 

+ a) 0.60 ± 0.01 a) 0.39 ± 0.05 

I · 
c /g 0.37 ± 0.03 
OS S 

b) 0.64 ± 0.03 b) 0 .51 ± 0.05 

a) Without correction for Coriolis mixing 

b) Corrected for Coriolis mixing with K; 3/2 band. 



95 

REFERENCES 

1. The discovery was reported in: 

R. L. MUssbauer, Z. Physik 151, 124 (1958); 

R. L. Mtlssbauer, Naturwiss. 45, 538 (1958); 

and R. L. MUssbauer, Z. Naturforsch. 14a, 211 (1959). 

General references for the Mtlssbauer effect that the author 

has frequently consulted, and on which the Introduction is 

based, include: 

A. Abragam, L'effet M<:Jssbauer et ses applications 

a l 'etude des champs internes (unpublished lecture notes); 

Gunther Wertheim, Mtlssbauer effect: principles 

and applications (Academic Press, New York, 1964); 

and . Horst Wegener, Der MC3ssbauereffekt und seine 

Anwendung in Physik und Chemie (Bibliographisches 

Institut, Mannhe1m, 1965). 

2. D. Agresti, E. Kankeleit, and B. Persson, Phys. Rev. 155, 

1339 (1967) and Phys. Rev. 155, 1342 (1967). Preliminary 

reports of the work were given in B. Persson, E. Kankeleit, 

and D . Agresti, Bull. Am. Phys. Soc. _!.!, 772 (1966); 

D. Agresti, E. Kankeleit, and B. Persson, Bull. Am. Phys. 

Soc . .!,!, 771 (1966); B. Persson, D. Agresti, and 

E . Kankeleit, Bull. Am. Phys. Soc. 11 , 911 (1966). 

3. Nuclear Data Sheets Bl-1. 

3a. The values for a and ~ (of Equation I. 5) were obtained from 

Nuclear Data Sheets Bl-1. 

4. O. Glemser, H. Sauer, and P . KUnig, Z. · anorg. Chemie 

257, 17 (1948). 

5. P . Duwez, private communication. 



96 

6. E. Kankeleit, Rev. Sci. Ins tr. 35, 194 (1964); Mtlssbauer 

Effect Methodology Vol. 1, edited by I. Gruverman 

(Plenum Press, New. York, 1965), p. 47. 

7. S. S. Hanna, R. S. Preston, and J . Heberle, in The 

Mtlssbauer Effect, edited by D. M. J . Compton and A. H. 

Schoen (John Wiley & Sons, Inc., New York, 1962), p. 85. 

8. For a recent compilation, see W. Ebert, O. Klepper, and 

H. Spehl, Nuclear Phys. 73, 217 (1965). 

-
9. S. G. Nilsson and O. Prior, Kgl. Danske Videnskab 

Selskab, JV.Lat. - F ys. Medd. 32, No. 16 (1961). 

10. J. R . F.i.arris, G. M. Rothberg, and N. Benczer-Koller, 

Phys. Rev. 138, B554 (1965). 

11. F. K. McGowan and P . H. Stels on, Phys. Rev. 116, 154 

(1959). 

12. L Lindgren, in Perturbed Angular Correlations, ed. E. 

Karlsson, E. Mathias, K. Siegbahn (North-Holland 

Publis hing Co., Amsterdam, 1964), p. 399. 

13. W. Gordy and W. J . O. Thomas, J . Chem. Phys. 24, 439 

(1956). 

13a. P . H. Barrett, R. W. Grant, M. Kaplan, D. A. Keller, 

and D . A. Shirley, J. Chem. Phys. 39, 1035 (1963}. 

14. E . A. Phillips and L. Grodzins, in Perturbed Angular 

Correlations, edit ed by K. Siegballi1 (North- Holland 

Publis hing C o., Amsterdam, 1964), p. 294. 

15. S. V. Karyagin, Proc. Acad. Sci. USSR, Phys. Chem. 

Sect. 148, 110 (1964). 



97 

16. N. Sikazono, H. Takekoshi, and T. Shoji, J. Phys. Soc. 

Japan 20, 271 (1965). 

17. E . Kankeleit, Z. Physik 164, 442 (1961); S. G. Cohen, 

N. A. Blum, Y. W. Chow, R. B. Frankel, and L. Grodzins, 

Phys. Rev. Letters 16, 322 (1966). 

18. D. Bloess, A. Krusche, and F. Mtinnich, Z. Physik 192, 

358 (1966). 

19. W. M . Visscher , as quoted in H. Frauenfelder, The 

MCJssbauer Effect (W. A. Benjamin Inc., New York, 1962), 

p. 45. 

20. J . D. Bowman, E. Kankeleit, E. N. Kaufmann, and B. 

Persson, Nucl. Instr. & Methods, to be published. 

21. E . Kankeleit, Bull. Am. Phys. Soc. 10, 65 (1965) ; the 

value has been recalculated using g(2+) = 0.24. 

22. Masaaki Kontani and Junkichi Itoh, J. Phys. Soc. Japan 22, 

345 (1967). 

23. F. Boehm, G. B. Hagemann, and A. Winther, Phys. 

Letters 21, 217 (1966) and G. Goldring, private 

communication. 

24. B. Herskind, J. D. Bronson, R. R. Borchers, L. Grodzins, 

and D. E. Murnick, Bull. Am. Phys. · Soc. 12, 503 (1967). 

25. D. A. Shirley and G. A. Westenbarger, Phys. Rev. 138, 

Al 70 (1965). 

26. · L. A. Campbell, Proc. Phys. Soc. (London) 89, 71 (1966). 



98 

27. A. J . Freeman and R. E. Watson, in Magnetism, edited 

by G. T. Rado and H. Suhl (Academic Press, New York, 

1965), Vol. II, Part A, Chap. 4, p. 167. 

28. L. D. Roberts and J. O. Thompson, Phys. Rev. 129, 664 

(1963). 

29. American Institute of Physics HaiJ.dbook (McGraw Hill Book 

Co., Inc., New York, 1963), 2nd ed., p. ~ - 170. 

30. O. Hansen, M. C. Oleson, 0. Skilbreid, and B. Elbek, 

Nuclear Phys. 25, 634 (1961). 

31. O. I. Sumbaev, A. I. Smirnov, and V. S. Zykov, Soviet 

Phys. - JETP ~' 82 (1962). 

3 2. A. K. Kerman, Kgl. Danske Videnskab Selskab, Mat. -Fys 

Medd. 30, No. 15 (1956). 

33. D. J. Rowe, Nuclear Phys. 61, 1 (1965). 

34. R. T. Brockmeier, S. Wahl born, E. J. Seppi, and F. Boehm, 

Nuclear Phys. 63, 102 (1965). 

35. B. Persson, H. Blumberg, and D. Agresti, submitted to 

Phys. Letters. 

36. K . Kumar and M. Ba.ranger, Phys. Rev. Letters 17, 1146 

(1966). 

37. W. F. Edwards, F. Boehm, J. Rogers, and E. J. Seppi, 

Nuclear Phys. 63, 97 (1965). 

38. U. Gruber, R. Koch, B. P . Maier, and 0. W. B. Schult, 

Z. Naturforsch. 20a, 929 (1965). 



99 

39. P. Alexander and R. S. Hager, Phys. Rev. 139, B288 (1965). 

40. L. A. Sliv and I. M. Band in a. • f3 • y Ray Spectroscopy 

edited by K. Siegbahn (North-Holland Publishing Co., 

Amsterdam, 1965) p. 1639. The total internal conversion 

coefficient was estimated from a.t = 1.3 a.L. 

41. Z. Bochnacki and S. Ogaza, Inst. of Nuclear Physics, 

Cracow, Report No. 428/PL (1965); Z. Bochnacki and 

S. Ogaza, Nucl. Phys. 69, 186 (1965). 

42. S. G. Nilsson, Private communication (June, 1966). 

43. S. G. Nilsson, Kgl. Danske Videnskab Selskab, Mat. -Fys. 

Medd. 29, No. 16 (1955). 

44. P. Sparrman, T. SundstrtJm, and J. Lindskog, Arkiv Fysik 

31, 409 (1966). 

45. C. Gtinther and E. Kankeleit, Phys. Letters 22, 443 (1966). 

46. W. Henning, P. Kienle, E. Steichele, and F. Wagner, Phys. 

Letters 22, 446 (1966). 

47. A. Bohr and B. Mottelson, unpublished lecture notes on 

Nucl ear Structure and Energy Spectra (Copenhagen 1962), 

Chapter V. 

48. Z. Bochnacki and S. Ogaza, Acta. Phys. Polon. 27, 649 

(1965). 

49. M. Atac, P. Debrunner, and H. Fraueh:felder, Phys. Letters 

21, 699 (1966). 

50. A. B. Buyrn and L. Grodzins, Phys. Letters 21, 389 (1966) 

and as quoted in Reference 53. 



100 

51. N. Benczer-Koller, J. R. Harris, and G. M. Rothberg, 

Phys. Rev. 140 , · B547 (1965). 

52. A. de-Shalit, Phys. Rev. 122, 1530 (1961). 

53. A. Gal (Braunstein), Phys. Letters 20, 414 (1966). 

54. Y. K. Agarwal, C. V. K. Baba, and S. K. Bhattacherjee, 

Nucl. Phys. 79, 437 (1966). 

55. L. Keszthelyi, I. Berkes, L Deszi, and L. Pocs, Nucl. 

Phys. _1!_, 662 (1965). 


