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Newly Observed Structure in He II 2 4686
J. E. MAcK wND N. AUsxERN

Uni7jersity of Wisconsin, Madison, Wisconsin
September 25, 1947

" N the X 4686 (3 s, p, d, —4 s, p, d, f) line complex of
& - ionized helium the fourth strongest component (3g —4g,
in the notation I;)has been. observed to consist of two lines
with a separation tentatively evaluated at 0.16&about
0.02 cm '. The red member appears the stronger, in a ratio
of at least 2 to 1 and possibly as great as 5 to 1.

Upon the Dirac theory for one-electron spectra, the
(3~—4~) component would be single, since the energy would
depend only on n and j. However, the hydrogen alpha-
anomaly, Iong. emphasized by Houston' and con6rmed by
the microwave study of Lamb and Retherford, ' has Ied to
recent conjectures that the ns~ level lies above the value
predicted by the Dirac theory by the amount r (Z~), or r„,
where the dependence on I is approximately r„=r~e '.
Thus in the line studied the third (3;—4g), fourth (3;—4l),
and seventh (3g —4;) components are split, each into two
members, making the line system 11-fold instead of
eightfold.

Bethe's' approximate calculation of the interaction of
the atom with the radiation held leads to a value of about
0.13 cm. ' for r3(He4); here we are assuming that the aver-
age excitation potential is so nearly independent of the
principal quantum number that, for a two-digit approxi-
mate calculation, we may neglect its variation. If the level
shift is treated as varying exactly as n ', our observation
of the splitting yields a tentative value of 0.113+about
0.014 cm ' for r3(He4). These two values appear to be in
satisfactory agreement. Details are given in Fig. 1.

T
MCCIFIEO

v I S t 3

1 3$" 4a I slj 4) I 8$"4I
«-O, I533ctt '~15788cs '~07307cs ' ~

34)-Apf [ 3pf-4ss ) 34)-4p/ [ 3s&-4pf
~

3pf 4s$ ( 3s1 "4' [ sp)~4C).
00024 l aooss [ ooo44 I oo2I3 ] O.oo43 l 0.04ts [ o.oats

~OI533cs ' — .I5788ov L~~07307CH '~
&—

Eg 44

AV

Stt Atl
INTENSITY, RELATIVE TO TOTAL

t

SIOOIFIEO THEORY:

AV

CALO, AFTER. SETHEStv ~ Ssc« 'I
Cosscsves eusos sss tsotesvcs sv esocscvsY
CALO SLERCS ~ FROM OETHE YALIIES

OSSERVATION Sc

TIES WORE (TENTATIVE YAUIESI

PASC HEN

-aOsc.-'- O.tsctt"I ~ ~ 023eH~L52 8 cs ~atssco"I~0832 etc

~STION '-—-- =Ots etc"t ~088 ctc I~
LssctF"-- -0.75ctt l~

IO THE LOCATtONS CALCULATES FOR THE SLEHOS ARE CEtITEIIS OF OIIAVITY THE RESULTS CAN NO'l SE EXPECYEO YO

SHOW CIIANTITATIVE ASREEMENTI FOR THE ACTOAI. COMPARATOR SETTINCS OEFENO IIPON SEVERAL FACTORSv

INCLOSURE EMOLSION CHAIIACTERISTICS.

FIG. 1. Certain separations in the He II hne complex X 4686.

All the plates used up to the present were made in the
second order of a grating with a nominal second-order reso-
lution of 0.130 cm for lines of equal intensity. Thus it
could resolve the 0.16 cm ~ separation of the component
described, but not the expected somewhat smaller separa-
tion of an adjacent component of this line complex with a
calculated intensity ratio of almost 2:1.

Work is in progress upon this line complex and upon the
lines 3—5 and 4—5 of the He II spectrum, and a more detailed
account will be submitted. The project is being supported
by the Ofhce of Naval Research.

We are grateful to F. E. Geiger, Jr. for his collaboration
in the early stages of this research.
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Half-LiMe of Tritium'"
AARoN NovIcK

Argonne National Laboratory, Chicago, Illinois
October 3, 1947

Y collecting and measuring the He' produced by the
beta-decay of' tritium, a value of 12.1&0.5 years has
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been obtained for the half-life of tritium. This value is
based on results on two samples and is markedly different
from the accepted value of 31&8years obtained by count-
ing "radioscale" quantities. '

Each sample of tritium was 6rst analyzed for its tritium
and protium content. Each sarriple's volume was measured
and each was allowed to stand to permit the He' to ac-
cumulate. At the end of a given period of time the He' was
separated from the gas by removing all the hydrogen
(tritium and protium) through a palladium valve. The
helium was further purified by passing it over copper oxide
at 4500C (to burn any hydrogen to water) and then through
an activated charcoal trap at liquid nitrogen temperature.
The volume of He' collected was observed. This helium
showed no trace of He' in an emission spectrum obtained
by electrodeless discharge, and the Hes lines exhibited the
expected shift.

The isotopic analysis of the original hydrogen was ac-
complished in two ways. First, a sample of hydrogen of
measured volume was quantitatively burned to water, and
the water was weighed. Assuming atomic weights of 1 and
3, calculation was made of the tritium to protium ratio.
The second method of analysis involved comparison of the
intensities of the T and H lines from emission spectra
obtained on calibrated plates. These spectroscopic observa-
tions and those on the He' plates were made by Dr. J. K.
Brody and Dr. Frank Tomkins of this Laboratory.

These analyses agreed with each other to within 5

percent and were found to be consistent with readings
obtained on the beta-activity of each sample by means of
an ion chamber.

The T2/(H2+T2) ratio for the erst sample was 0.71 and
for the second 0.'N. After an elapsed time of 51 days, the
conversion of T to He' was 0.00815 in the 6rst sample;
after 197 days, the conversion was 0.03025 in the second
sample. The tritium half-life was 11.85 years in the 6rst
case and 12.35 years in the second.

~ This document is based on vrork performed under Contract No.
W-31-109-eng-38 for the Atomic Energy Project, and the information
contained therein will appear in Division IV of the National Nuclear
Energy Series (Manhattan Project Technical Section) as part of the
contribution of the Argonne National Laboratory.
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