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e Sr'0, one of the nuclides'HE long-lived strontium isotope, r,
n is im ortant because o i sf 'tresu

'
lting from uranium fission, is i p

n
'

the 62-hr. Y'0, together constitute a largenuclide and its daughter, e - r.
fraction o eof the total activity. Consequently t e a -'

tance in calculations dealing witparent Sr" assumes some importance in ca
e or stora e of the 6ssion products.long ter us g

This nuclide was Grst reporte m 's

which he
'

1 borator 2 in 1943.The decay of several samples whic

co e and the half-life .resulting from A.eseI,auritse op,
ents is suSciently different rom a

warran i
' h' . The currently accepted valuewarrant its publication at this time. e c
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FIG. 1. Decay curve of Sroe.

of Scandium4'The Nudear Magnetic Moment of Scandium
RoBERT E. SHERIFF+ AND DUDI.EV WII.I.IAMS

Ohio State Unisersity, Coli4mbas, io
May 8, 1950

etic resonance due to Sc"has been locatedg

e Br' si nal in aturated
ve detection met o . ~ s r

of the same or ere order of intensity as for the Br signa
'

t d aqueous solution of ScC13.Br was found in a saturate aqueo
f th resonance frequency ofalue of the ratio o e rOur prelimmary va u

1 in the same magneticthe SC4~ signal to that of the Br" signa in e
6eld is:

v(SC4~) /v(Br~9) =0.96954+0.00006.

n and Vhlliams' valueI for the ratio of the Br"g
and proton resonance frequencies in t e same m

v(Sc")/v(H') =0.24296%0.00005.

netic correction' of 0.260 percent and using the
value . for the proton's magneticvalue 2.79255 nuclear magnetons or e
moment4 we 6nd for the nuclear g-value of SC4~:

g(Sc")= 13605+0.0003.

e 4~ '
be 7/2 from hyperfIne structureThe spin of Sc" is known to e

stuaies. ~ ud' ."Th s the magnetic moment is:
p, (SC4~) =4.7617+0.0010 nuclear magnetons.

1 with the best spectroscopic va ueThis value agrees very close y wi e
of 4.8 nuclear magnetons.
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~ is an average between the 23+3-yr. value reported by

f-m "l.-n b--
ield data.

1 sam les, after separation rom cy
rified b repeated carbonate pre-barded uranyl nitrate, were pun e y re

unted as strontium carbonate.
In order not too measure any of the - ay r,

d 'th 746 mg/cm' of alum. -originally present, sampm le 1 was rea wi
i h 714 mg/cm'. Ther while sample 2 was read wit

f 1 5 M d f 680
d' th t bil't of thmg/cm' of alummum. B. Before each rea ing e s

dard. Noteworthye was checked with a uranium stan ar . o
t h i d tablis the fact that the Lauritsen e ectroscope

d thbThe method of leas sqt s uares'was used to raw e
F' 1 From this, a half-straight hne throug h each set of data Fig. . rom

yr. lf-lif f Sr may be taken as 19.9&0.3 yr.
f 20.0 r. was obtained with sampe, w ie

19.7yr. Therefore thehalf-li eo r may
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a 5-mc olonium 0I-particle source and a cloud cham-
1

�0'
C C*. The angular distributions o e'" ~-v . d 009 Mev were found to be-values of 0.42 and . evgroups wl -v

Creagan' examming t e em' '
p

the round stateof rotons from transitions to e groun
(Q=4.07 Mev) in the forward irection o

90'
d 14Th p xpsent e eriments were per orme

n- article source, unbac e oron

hid' f b
screws such that the plane of the emu sion ay

J ' g ource and target.
made b smearing a sBoron targets were y

-ether solution on glass p ates. n
b b d ith hik-nd fairl uniform tagets could e o aine

.2 m cm . icl'oscoplc ex
in the 61m could be reducedrelative amount of collodion in e m

ll' '
ran ement were designed

all ro ortions be ore t e ar
The source holder and collimating arran

&10' and sos read of the cx-beam at the target was
h h the late could see all the targeta e

170'
ent. For the first exposure (14 days) theNon-resonance exPeriment. or e rs

s at the target was set at 4.3 Mev. Thisenergy of the O.-partic es a
r of the B'0 nucleus.corres onded to the top of the potential barrier o e

ge o c sso. g

precise ones obtained by Greagan' smce is wo
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N the analysis of impurity semiconductors, the carrier density
~ ~ n (per cm') and the Hall coefficient R (cm'/coulomb} are
assumed to be related by

R = &3m/(8ne),

where e is the electronic charge in coulombs. The derivation of
Fq. (1) assumes that the mean free path of a conduction electron
is independent of its kinetic energy and that the applied magnetic
field is weak. The effects upon Eq. (1) of certain deviations from
these assumptions have been calculated.

The theory of the Hall effect yields a general expression for the
ratio

20 40 60 80 l00' l20 ILQ lh0

tkn~le in (,.cI 0 co.originates
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(1/ne) 4Am II2+(eII/m)2IP (2)

FIG. 1. Angular distribution of protons
(a) Z =4.3 Mev 0 =
(b) 0=
(c) 0=
(d) 0=
&e) F =2.9 Mev 0=

from the reaction B(a, p)C', C'~.

—0.57 Mev.
0.65 Mev.
0.15 Mev.
4,08 Mev.
4,08 Mev,

where H is the magnetic field, m is the effective electron mass, and

Lt' ufo L2P
I,= —dv) I~= —dS)

o 1+(eal/me) 8&
'

o 1+(eHL/mv)~ 8t

indicates that the group observed at 0.15 Mev is probably the
superposition of two groups at Q=0.31 and 0.07 Mev. The weak

group observed at Q=3.35 Mev Was not found by Creagan.
The angular distributions of the protons from the groups with

Q-values 4.08, 0.65, 0.15, and —0.57 Mev, are shown in Fig. 1.
The vertical lines indicate the statistical error. The groups at

Q=0.65 and 0.15 Mev were only partially resolved and are sub-

ject to an additional error (~10 to 20 percent) due to the em-

pirical method of dividing these groups at any angle, Contamina-
tion by recoil protons in the forward direction and by a-particle
background at higher angles severely restricted the distribution of
the group at Q= —0.57 Mev.

All the angular distributions for this non-resonance experiment
show some degree of anisotropy and asymmetry. The ground state
group in particular has a very low minimum at 0' and a pro-
nounced maximum in the backward direction confirming the
results of Creagan discussed earlier. An examination of Roy's
results for the groups at 0.42 and 0.09 Mev corresponding to the
groups found at 0.65 and 0.15 Mev shows that his results are not
in contradiction to those observed. The statistical accuracy of the
cloud-chamber work was not sufficient however to establish the
shape of these distributions with any certainty.

Resonance experiment. The a-particle energy at the target for
the second exposure (28 days) was reduced to 3.4 Mev. (i.e., be-
low the energy necessary to penetrate through the top of the
barrier of the 8'o nucleus as found by Miller et a/. 4 The target was
replaced with one of stopping po~er 1.4 mg/cm'. One high energy
proton group was observed which, if it is assumed to be clue to
ground state protons, gives a value of 2.9 Mev for the a-particle
resonance energy.

It is energetically impossible for this group to be formed in a
reaction with the heavier boron isotope 8'I, Miller et al.' using an
ionization chamber were the first to find this resonance level.
Their experiments, however, were not decisive as the proton
groups they were able to observe (Q=0.4 and —0.1 Mev) could
have been assigned to the 8"(o,, p}V4, C'4* reaction.

Examination of the distribution (e) in Fig, 1 shows that the
distribution of this ground state group at resonance is practically
isotropic between the limits 30 to 150 .

My thanks are due Dr. F. C. Champion for useful discussions
and the Department of Scientific and Industrial Research for
financial support.
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JI= lx'e '(x+otL2) 'dx J2—— L2x&e '(x+otL2) 'dx.
0

)

a = e'H'j{2mkT}.

In the weak field approximation (a =0) Eq. (3) leads to Eq. (1)
if l is independent of the energy e. However, if l is proportional to
e', as in the Rutherford-type scattering by impurity ions, ' Eq. (3)
yields r=315~/512. It has been found that the resistivity p of
impurity semiconductors can be explained' as the sum of pL, ,
resistivity due to scattering by lattice ions, and pr, resistivity due
to scattering by impurity ions, The mean free path LL, associated
with pl, is independent of ~, while Lq is proportional to e. The
effective mean free path l is found by reciprocal addition

L=LL,Lt/(II, +Lt) .

From resistivity theory one obtains

lt, = 3(27rmkT)&(4ne'pI, ) ' (Sa)
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FIG. 1. The dependence of r = ~R ~/(1/ne) on the ratio of pt, resistivity
due to Rutherford-type scattering by impurity ions, to p, the total resis-
tivity.

in which l is the mean free path, fo the unperturbed distribution
function, and e=mv'/2. If one uses classical statistics and re-
places e/kT by x, then

r = (3~ /4) J.(JI +aJ2 ) '

where


