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wire detector was analyzed with a mass spectrometer having an
enrichment factor of 2000 per mass number at the mass 134
position.

Experimenta/ procedure. —The fields of the two inhomogeneous
deflecting magnets were varied until a value of x= (gg —gr)poII/
b'av (Fig. 1}was obtained in both of them, such that p, if=0 for a
given magnetic substate m~, and the beam proceeded undeflected
through the apparatus, giving a maximum in detected beam at the
mass 134 position. ' The nuclear spin can then be determined by
comparing those transitions for which AIi =0, Amp=&1 in Cs"'
with those in Cs"3 in a weak homogeneous magnetic field, corre-
sponding to the Zeeman effect of the hfs interaction. The frequen-
cies at which these transitions occur are given by the relation

p134—L (1183+1)/( j134+I) ]p133

and are rendered observable as a decrease in the intensity of the
detected beam (zero moment "Qop out"). Various integral values
of I" were assumed, and only for v'" corresponding to I=4 was
a resonance observed. This relation was satisfied at various values
of the homogeneous field and only at the mass 134 setting of the
spectrometer.

The spin was also determined by noting that as the magnitude of
the deQecting fields is increased, the ratio of the fields for the last

TABLE &. Observed transition frequencies in Cs»3 and Cs»'
and calculated hfs separation d v.

vg»3
Mc/sec

30.822
47.538
47,538

167.910
167.916

v2133 vg»4

Mc/sec Mc/sec

27.312
42.096

I 42 096
147.270
147,276

200.158 184.124
200.202 184.155
200.209 184.213
200.216 184.198
200.218 184.209

Weighted average:

Q v»4

Vg»4 Mc/sec
Mc/sec (» +) (» —)

27.190 10,571 12,629
41.751 10,378 11,572
41.739 10,405 11,483

142.846 10,487 10,794
142.858 10,485 10,759
177.149 10,465 10,680
177.184 10,470 10,685
177.206 10,451 10,662
177.197 10,460 10,672
177.214 10,455 10,693

b.v»4 =10,465 &12 Mc/sec
p»4 =+2,96 ~0.01 nm&

Error
in dv

Mc/sec

220
200
200

20
20
14
14
14
14

~ The accuracy assigned allows for the diamagnetic correction and the hfs
anomaly.

transition to the ground state of Ba"4 (even-even, I=O) exists,
implying a large spin change. The spin, and the magnitude and

sign of the moment are in excellent agreement with the predictions
of nuclear shell structure for a gq»2

—d3/2 proton-neutron configura-
tion assuming strong spin-orbit coupling for the two independent
particles.

Similar results have also been obtained at the Cavendish
Laboratory, Cambridge, by Smith and Bellamy. 7
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~ROM microwave measurements, line breadths of 0'6C'2S~

have been determined for the rotational transitions J= 1~2,
3~4, 5~6, and 7—&8 in the ground-vibrational state. In this

range, the line breadth increases with the quantum number J.
Also, contrary to simple kinetic theory considerations which for
fixed E give ~v T&, it was found that Av was approximately
proportional to T &. Here Av is the line breadth parameter, T the
absolute temperature, and E the total number of molecules in the
absorbing path.

Table I gives the measured values of gv for the various condi-

two zero moments is
EV/H" =x'/x" =7/5, —

TABLE I. Measured values for bv in Mc/sec for various values
of pressure, temperature, and rotational transition.

which is seen to be in agreement with the theoretical ratio from
the position of the zero moments for I=4 given in Fig. 1.

The magnetic hfs separation dv can be determined approxi-
mately in our apparatus by observing the magnitudes of the
deQecting fields at which the zero moments occur. A more ac-
curate value of Av, and the sign of the nuclear moment, were ob-
tained from observations of the departure from the linear Zeeman
eGect of the lines vP4(9/2, —7/2+-+9/2, —9/2) and v2'3'(9/2,
—7/2~9/2, —5/2) and comparing these frequencies with the
lines v&"'(4, —~4, —4} and v2'"(4, —~4, —3) in successively
higher magnetic fields.

Results @md ~NterpretatioN. —A summary of the experimental
measurements is given in Table I. The values of Av'34 were calcu-
lated from the Breit-Rabi formula using the recently determined
values' ' of gq(Cs"') and of Av"'=9192.6323&0.0001 Mc, assum-

ing both a positive and a negative sign for the nuclear moment

(gi= —III~./1~&). Agreement is seen to be consistent only if
yy"4 is assumed positive. The magnitude of the nuclear moment
was calculated from the Fermi-Segre relation4 assuming the nu-

clear moment to be a point dipole. (An experiment is now in

progress to measure the nuclear moment directly in order to ob-
serve a possible hfs anomaly in the cesium isotopes. )'

Considerable interest exists in the spin and magnetic moment
of Cs'" from the viewpoint of P-decay theory and nuclear shell

structure. ' A spin of 4 and even parity is consistent with the
allowed shape of the P-spectrum and the fact that no direct

Transition

J 1+2
J=3 4J =5~6
J=7 8

Gas pressure
at27 C

0.100 mm Hg
2?' dry ice

0.72 0.88
0.84 1.01
0.95 1.21
1.16 1,49

Gas pressure
at 27'C

0.110 mm Hg
27 dry tce

0.74 0.91
0 90 1.11
~ ~ ~ ~ ~ 0

1.25 1.62

Gas pressure
at 27'C

0.130 mm Hg
2?~C

0.93
1.08
~ ~

1.46

& The accuracy of these measurements is about +5 percent.

tions of temperature, pressure, and rotational transition. The
quantity, bv is the frequency difference between the inflection

points of the absorption line and is related to the line width at
half-intensity points, 2hv, by the relation 2dv=&bv. ' Figure 1

shows a plot of Bv as a function of rotational transition for several
different pressures and at both dry ice and room temperatures
(27'C). At room temperature, it is seen that Br can be repre-
sented quite closely as a linearly increasing function of J.At dry
ice temperature Bv still increases with J but seems to depart from

linearity at the higher transitions. These results are in poor
agreement with Mizushima's~ theory, which predicts that Bv

should be a decreasing function of the rotational transition.
However, they do agree with the experimental results reported
for the line breadth of ICl at two diferent transitions. '4 Fig-
ure 1 also clearly shows the increase in bv for the decrease in

temperature. At present, measurements have been made only at
these two temperatures, and, although bv~T & approximates our



results fairly well, more data are needed to determine the actual
temperature dependence.

A two-meter, brass, E'-band cell with no irlternal dielectrics
except the mica windows was used to contain the absorbing gas.
After the OCS mas introduced into the cell and allowed to come
to equilibrium, all thc transitions were measured without any
additional adjustment in pressure. The pressure was checked at
intervals with both R thermocouple and a McLeod gauge and
did not vary more than 1 percent during the time of measurement.
The measurements at dry ice temperature were made keeping this
same quantity of gas in the cell.

The microwave energy was supplied by a 2E33 reQcx klystron
operating at 24,326 Mc, the frequency of the 7= 1~2 transition.
The higher transitions were obtained by generating harmonics of
this frequency in a crystal multiplier and 61tering out the lower
frequencies. Thus, transitions werc obtained at 48,652 Mc, 72,978
Mc, and 97,304 Mc, corresponding to the 7=3~4, 5—+6, and 'l—+8
transitions, respectively. ~ This klystron was double modulated
with a 20-caps sawtooth voltage and a very small 100-kc sine
wave voltage. The energy was detected after passing through the
cell by a silicon crystal built into the wave guide, and the 100-kc
output was fed to a receiver tuned to this frequency and thence to

D —.IOO mm Hg PRFSSURF, 27 O

G —SAME VOLUME OF GAS, DRY ICE

S—.llo mm Hg PRESSURE, 27'C
l.5O — X SAME VOLUME OF GAS, ORV ICE

G —.ISO mm Hg &RE~S'IRE 27'C

Further experiments are in progress to extend thc measure-
mcnts both to R grcatcx variatlon IQ tcnlpcxaturc and to Dlolc
transitions.
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&HE X-linc of ThC" (Ellis' notation), which is a high energy
~ . internal conversion line from the E-shell, has been used by

many workers as a calibrating linc IQ p-spectroscopy. The binding
energy of thc deuteron, for example, has been measured in terms
of the energy of this line. ' It is therefore of some importance to get
a reliable Hp-value. Brownt has recently measured this value by a
method similar to the present one, but his value, 9988.4~2 gauss
cm, did Qot agree with the relative measurements made by Hed-
glan Rnd Llnd.

The present investigation was carried out in order to make an
independent check of Brown's value. The experimental arrange-
Incnt wRs about thc SRme Rs thRt used In thc mcasurcmcnts of thc
F, I, and I.-lines of Th(B+C+C")45 and consists of a small
semicircular P-spectrograph and two G.M.-tubes in coincidence.
The main difterence is that the two tubes are placed at right
angles to each other (Fig. 1).
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FIG. 1. Plot of 8v as a function of rotational transition.

an oscilloscope. Thcdisplayed pattern very closely approximated the
derivative of the absorption line. 6 To provide markers for measur-
ing the peaks of this derivative curve, the output of another 2K33
klystron opcIRtlng cw wRs Inixed w'1th a variRblc signal of thc
order of 0.5 Mc and with energy from the swept klystron. The
combined output was detected and fed to a receiver tuned to
about 25 Mc, thus giving three marker pips on the oscilloscope
when the two klystx'ons mere operating at a frequency separation
of about 25 Mc. The frequency spacing of these markers was de-
termined by the low frequency oscillator and could be varied to
superimpose either tmo of them on thc linc derivative peaks. The
markers were of the order of 20 kc wide.

Great care was taken to eliminate broadening due to power
saturation and to minimize rcQcction amplitudes. Since the deriva-
tive shape was considerably distorted when. it appeared on thc
side of a reQection, the symmetry of thc peaks was taken as R

criterion for minimum reQcction CGccts. Measurements at the
different temperatures and for the several transitions werc made in
various orders to avoid systematic errors. The purity of thc sample
was checked by searching foI the absoIptlon llncs of NH3 Rnd
other gases that absorb in the same frequency range, None werc
found.

Our value of the linc breadth parameter for the 7= 1—+2 transi-
tion at room temperature is 6.1+0.35 Mc/mm which checks quite
well the width reported by Townes, Holden, and Merritt~ for
this transition.

Aluminum chamber/

FIG. 1. Construction of the p-spectrograph.

The X-hne is rather weak, but with this arrangement it was
possible to register the line with a half-width of less than 0.1 per-
cent and to gct a peak of about 6 times the background, in spite
of the small dimensions and the hard y-rays from the sample. The
line obtained was in good agreement with the calculated line
shape. The source consists of an activated tungsten wire (diameter
12').


