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by measurement of the vapor pressure of the bath. The measure-
ment of the thermoelectromotive force consisted in a determina-
tion of the diBerence in voltages before and after application of
the magnetic field. Sy this procedure, any extraneous thermo-
electromotive forces in the circuit were canceled.

It. was observed that when the power applied to the heater was
not sutIicient to l.eep the hot junction well inside the shield, this
junction occurred in the part of the tin wire emerging from the
top of the shield where a strong field gradient exists. This junction
was then at some temperature between 3.72'K and the bath
temperature and resulted in the observed electromotive force
being too low.
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I'IG. 1. Spectrum of the conversion electrons from Hg»'. The counter
window is 1.30 mg/cm2 mica and the thickness of the source and backing
is 0.25 mg/cm2.
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force of the superconducting-
normal junction of tin as a
function of temperature; 0
these data, ~ Steele (reference
1), X Keesom and Matthijs
(reference 2).

TABLE I. Interpretation and intensity ratios of the measured lines of Hg'9'.

Decaying
nucleus

Hg»' (23 hr. )

Con-
version

lines

164K,L,.~
133r;,r„.v
275K, r, '

Con- Energy
verted of y-ray

in in kev

Hg F& =164
Hg B2 =133
Au Z3 =275

100
71
4.8

&r. ' &u+v"'

100
62

223
181

1.4

Hg"' (65 hr. )

Hg'9~ (23 and
65 hr. )

Au B4= 77

Auger electrons

and not, as previously assumed, in Au. The complete interpreta-
tion of Fig. 1 is listed in Table I,

The values of thermoelectromotive forces determined in this
way are shown in Fig. 1 and compared with the results of Steele
and of Keesom and A~Iatthijs. All values of E shown in Fig. 1 are
relat. ive to the therrnoelectromotive force of the superconducting-
normal junction at the transition temperature (3.72'K) which
was set, equal to zero. The agreement with the results of Steele
is excellent. The data of Keesom are lower by a factor of approxi-
mately ten.

Further v ork is in progress and will be reported at a later date.

' M. C. Steele, Phys. Rev. 78, 308 (1950).
'-'M, '. H. Veesom and C. J. Matthijs, Physica 5, 437 (1&38).

Decay of Hg"'
I-I. FRAUENFELDER, O. HUBER, A. DE-SHALIT, + AN'D %V. ZO&TI

Physikalisches Institut der Eidg. Technischen Hochschule,
Zurich, Switzerland

April 4, 1950

Cd"' (6.7 hr. ) ~ Agr.
{'contamination)

Agg masked by 77r,

& Bradt, Gugelot, Huber, Medicus, Preiswerk, Scherrer, and Steven,
Helv. Phys. Acta 20, 153 {1947).

b See reference 2.' The ratios XK:Vr, :%II are corrected for absorption in the counter
window.

In addition, we measured the decay curve of the 77L, and 77 &r

conversion electrons in the spectrometer. They both show a
genetic relation between Hg" (23 hr. }and Hg" (6S hr. ), namely,
except for four percent that decays by E-capture to Au'"* (7.4
sec.) 2 the Hg'" (23 hr. ) decays by an isomeric transition to
Hg'" {65 hr. ), If the spectrometer measurements NI33'"'jNI64"'
=0.73 are combined with counter coincidence results, the con-
version coefFicients of yI and y. can be determined. We find the

PREVIOUS measurements'2 have indicated that Hg'" exists
in two isomeric states Hg'" {23 hr. ) and Hg'" (65 hr. )

decaying independently by E-capture into Au'". About 96
percent of the transitions of Hg'" (23 hr. } are associated with a
cascade of two strongly converted gamma-rays yI and y~ with
energies Ei=164 and Ez=133 kev. The half-life of the inter-
mediate state' ' and the angular correlation of the successive
conversion electrons' have been measured recently.

To determine the conversion coefFIcients of these gamma-rays
and, especially the ratio NKjNr„we measured the spectrum
(Fig. 1) of the conversion lines of Hg'" vith a magnetic lens

spectrometer. ' Thin sources were prepared with the previously
described evaporation technique. s

The lines designated as 164K, 164r„164,~, and 133K, 133r., 133~
are the conversion lines of yi and y~, respectively. From the
accurately determined (E—I.), and especially (E-M) differences,
we must conclude that these gamma-rays are converted in Hg
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values ~&'"'~Ã./(E, +E&)~0.9& and a&'" 0,70, or in terms oj
the E-conversion coefjIicients ai" E~/$&~4. 5 and a~"~0.53.
These values, compared with the tables of Rose, Goertzel, Spinard,
Harr, and Strong' for E-conversion coefBcients seem to indicate
Al =5 or 4 for the yi-transition and bi =2 for y2. With these
values, the corresponding energies of the transitions, and the
half-lives 23 hr. of yi and 7.10 ' sec. for y~, a good fit is obtained
with the lines for nuclear isomers given by Axel and Dancoff. '
The proposed decay scheme is shown in Fig. 2.

Accurate values of the conversion coeKcients and details of
the experiments will appear in the Helvdica I'hysica Acta, .
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TABLE I. Interpretation of the conversion spectrum of Pa~'.

Electron Spectrum* of Pa"'
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156.6
250.9

185.6
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296.1

197.5
291.3
307.5
311.5

K'
Iz

K3
I8
M3

K'
I9
M9
j+9

272.6
272.7

301.6
301.4
301.5

313.5
313.1
312.9
312.9

272.6

301.5

313.1

'HE protoactinium used in this investigation was derived
from the 23-min. Th'~ which was produced in the Oak

Ridge pile by neutron capture in stable thorium. It was kindly
made available to us by Dr. M. H. Studier of the Argonne National
Laboratory.

The existence of a 27,4-day activity in protoactinium was first
proposed by Meitner, Strassman, and Hahn it was later ques-
tioned by Hahn and Strassmang and assigned to an isotope of
zirconium. The final assignment to an isotope of protoactinium
of mass number 233 was made and verified by other investigators. '
Haggstrom4 and Levy~ have both previously investigated the
conversion spectra and the beta-continuum using a 180' constant
radius-type beta-spectrometer. Both found the end point of the
beta-spectrum masked by conversion electrons but estimated it
to be about 200 kev. Fulbright' proposed a beta-component with
end point about 700 kev.

In the present investigation, a permanent magnet-type photo-
graphic beta-spectrometer was employed. Field strengths of
approximately 200 and 600 gauss were used, which made it.

possible to cover continuously the energy range from 19 kev to
1.5 Mev. The photographic plates used were Eastman Kodak,
Type NTB with emulsions 25' thick. They were processed in
Eastman Kodak Type D-S developer for maximum contrast. In
all, 46 conversion and three weak Auger lines were observed, all
of which are confined to energies less than 411 kev. Absorption
of the gamma-rays in lead revealed no gamma-radiation harder
than 400 kev. Absorption in beryllium and aluminum gives a
beta-end point agreeing with that found by Haggstrom' and

Ikey o

go4
L., l.~ NNO

FK'. 1. Predominant lines in the low energy conversion spectrum of Pa333.
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341.4
341.5
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399.8
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416.4
416.4

1 10.6
115.2
114.2

342.0

376.5

399.9

416.4

K —M
K —lV
K —X

& M or X lines could not be seen because of interferences of the very
strong lines at 53.8 and 54.7 kev.

Levy no trace of a harder beta-component such as that reported

by Fulbright' was found.
Since Pa~ decays by beta-emission, the A —L—M x-ray differ-

ences employed in determining the energy of the gamma-rays
will be characteristic of uranium. In the low energy portion of
the spectrum, where the resolution of the instrument used is
greatest, the L shell fine structure can be resolved into two
components whose separation is 0.8 kev. It is important to
mention, however, that no conversion could be detected in the

LIII sub-shell. A photographic reproduction of the low energy
spectrum appears in Fig. 1; the observed electron lines along with
their interpretation is summarized in Table I. No satisfactory
interpretation could be found for the line at 139.5 kev. It was

consequently deleted from Table I. All gamma-rays listed fit
well into the proposed level scheme of Fig. 2. While no claim to
uniqueness for such a scheme is possible at this time, it is to be
noted, however, that all possible transitions were observed with

two exceptions. The least energetic of these is dotted in on the
level scheme, since it is necessary to the scheme if it is to be


