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TasLE 1. Half-width in polycrystals.

Calc. width
Present Zavoisky by dipolar
paper Cummerow! ( in Van Vleck's\ broadening
A=30cm A=3.2cm paper (Van Vleck)
MnSOQ«-5SH20 1250 oersteds . see soe
MnSOq -4H:0 1140 415 400 1500
MnSO4-H20 305 (X see oo
MnSO« 655 300 3500
CuSOQ«-SH:0 300 318
CuSO4-H:0 310 [N
CuSO¢ no absorption

be applied here because the measured g-values in single crystals of
tetrahydrates are almost constant in all orientations.

It is noticeable that, although the half-width of MnSO,-5H.0
is about four times larger than that of CuSO,-5H.O, they are
almost equal in the case of MnSO,-H:0 and CuSO,-H,O. These
differences may be ascribed to the different states of Mn*+ and
Cut* jons, as the corresponding crystals have almost the same
crystal structure.

The value of maximum x"’ per ion in the four states are shown in
Table II.

TaBLE II.

MnSO4-5H:0 MnSO4-4H:O  MnSO«-H:0
0.56 X102 0.84 X102 1.97 X10-%

MnSO
0.98 X108

x"'/ion

The microwaves were generated by a demountable klystron
continuously evacuated by an oil diffusion pump. The absorption
was measured by the change of transmitted power through a
resonant cavity containing the sample, the cavity being always
kept at resonance. The incident power was monitored by a
directional coupler, and the magnetic field was measured by
proton resonance. Our thanks are due to Professor T. Mutd and
Professor M. Kotani for valuable discussions.

* Now at Department of Physics, Faculty of Science, Kanazawa Uni-
ve;sg}e'i)artment of Chemistry, Faculty of Science, Osaka University,
Osaka, Japan.

1 Cummerow, Halliday and Moore, Phys. Rev. 72, 1233 (1947).
2 J. H. Van Vleck, Phys. Rev. 74, 1168 (1948).

Forbidden Beta-Ray Spectra

A. M. SMITH

Department of Natural Philosophy, University of Aberdeen,
Aberdeen, Scotland

(Received April 12, 1951)

ECENT developments in the study of shapes of forbidden
beta-ray spectra have indicated that the interaction re-
sponsible for beta-decay may involve some linear combination of
the five relativistically invariant forms which have hitherto been
used.! (S, V, T, 4, and P in the usual notation.) These develop-
ments are:

(a) The explanation of the shape of the spectrum of CI*¢ using a
combination of interactions.?

(b) The explanation of the shapes of a number of spectra, (e.g.,
Sr8 Srf0 Y% Y9) using the a-factor.? This implies a first-
forbidden transition with the tensor or axial vector form of
interaction, and would not be affected by using a combination of
interactions. (It would be affected by a combination of the tensor
and axial vector forms, but this combination is already excluded on
other grounds.)*

(c) The explanation of the shape of the spectrum of Be!® using
the D, factor,® and of K% using the C factor.® Neither of these
would be affected by a combination of interactions.

In view of this, the cross correction factors for first- and second-
forbidden transitions, which arise due to squaring of terms in the
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interaction, have been worked out and are given here, as they may
be of interest to others who are engaged in comparing observed
spectra with theoretical predictions. Fierz* has shown from con-
sideration of the effect on the allowed spectrum that combinations
of S with V and T with 4 must be excluded. We take as the
invariant

I=AgS+Ay V4N T+ N44A+2pP

with the understanding that AgAy=ArAs=0. Using the same
notation and method as in reference (1), the first-forbidden cross
correction factors are:

csr=inane[{(f5)"- foxe—ce fLi-arg
—{( J r)*- S a—c.c.}(%KLo-f—No)],
Csal=—iNsha [{( f r)*— It c><t—c.c.}(%KNf—}-Lr—i-Mo‘)],
Cvr‘=)\v)\r[i{( fo)"f a—c.c.}(%KLo"—No“)
+i{( I :)*- f cxr—c.c.}(%KNo‘—L."—Mo‘)
—{( f a)*  fox t+c.c.}
X 3K Ly~ No)+ 2L
cm'=xm[i{(f :)*- It GXr—c‘c.}(Ll—Mo)
+{( Ja) fo)(r+c.c.}(%KLo+No)],
crri=—ione[{(for) [re—cc paxrotmm),
cm=uxp[i{( o-r)* f ‘Ys—C-C-}

x(%KLo-—No-)+2Lo-[ fn

The second-forbidden cross correction factors are:
Csr?=1ixsh7[{ 2 Rii*Tij—c.c.} {3KN(L1— Mo)+$(L.— M) }
7

Jof]

1

- {Z R,-,'*A.','—C.C.}
i

X {(1/30)K3Lo+3K?No+3KLi+3N,} ],
Csa?= —iNshal{2 Rij*Tij—c.c.} {(1/15) KNy~
i

+ 3K Ly +Mo)+ KN+ 3L+ M)},
Cv1'2= XV)\TE“ 2 R;,'*T,‘,'—C.C.}
if

X{(1/15)K3N e —3K*(Li+Mo)
+EN:— (L + M) il 2 Ri*di—c.c)

X {(1/30)K3Ly—§K?No+3KLi~— 4N}
—}HZ 4:i*Tij+cc}
1%}

X {(1/15)K3Ly—3K2No+KL,"—3N,~}
+2| 413K Lo +3L,7} ],
i

Crat=MAa[i{Z Rif*Tij—c.c.H{EKH L1 — Mo +§(Lo— M) }
L2
+1HZ 4:*Tij+cc}
ii
X {(1/15)K3Lo+§K2N0+KL1+3N1}],

Cyrt= —ixvxp[{( f ax:)*~ f -ysr—c.c.}

X {%KN0_+L1_+M0—}].
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The L, M, and N functions are as given in reference 1, but be-
cause of the presence of the Dirac matrix 8 in some of the inter-
actions and not in others, further functions L=, M~, and N~ have
to be introduced. These are given below, and following the arrow
in each case is an approximation good for aZ«1.

2r\ed—f?_S+S?_ 1

=) a0 ~—w ~w
L= 21r g —fd 2—f_3? Fl Pz 25,452 __’_22___
1 ]
Fp2 47p? “Fow 8 oW
L= i‘[\gzz"‘fA Fy p* 35457 P
* T\Fpt) 4mp*  F 225W 18 225W°
- 31)1’02—3-2
My 2] a2
l[S---S2 aZW
Wl 2z . 1=
1 . 2 ]
- 2
+ SR PUS 1S D — 2S5 -2))
_;L[E‘Z’_E]
WL4pr 971
—_(2m\fi'—g-&
M= Ft?) dmpt
_Bp [251—& _(xZW
T“TF3wl 2 2=5y
PZ
- <B4 5)(4+45,+352—25p
(251_{_1)2(1_*_51){2( +81) (4+451+35: )
——(1+sl)+°‘ W (8513—-25{3—215,—11)}]
S [01’_22 4P’]
3ewlap 25
fogo+f—zg_2 _[;XZS 2 ] _a_g__
No~ sz) 14 ozt 20W°
(2 f1g1+f_zg_s__f_1£2_[aZSx_ ] _ﬁﬁ
Ny —(Fp’ 4mpd  F 3620w oz 36 pW'

Work in connection with the comparison of complete correction
factors with experimental spectra is proceeding.
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Magneto-Optics of an Electron Gas with
Guided Microwaves*
L. GOLDSTEIN, M. LAMPERT, AND J. HENEY

Federal Telecommunication Laboratories, Inc., Nutley, New Jersey
(Received April 17, 1951)

N recent years the magneto-optics of electromagnetic wave
propagation have been extended to guided propagation at
microwave frequencies. In particular, Faraday-effect experiments
have been made!™3 in which the plane of maximum E-field of the
TE;; mode in a circular wave guide is rotated by propagation
through a section of the guide filled with a liquid or solid dielectric
and located in an axial dc magnetic field. In all the published work
to date, very small angles of rotation are obtained per guide
wavelength, even at the gyromagnetic resonant field.

We have performed magneto-optic propagation experiments in
circular wave guide in the range of frequencies 4600-5500 Mc/sec,
employing as the dielectric the decaying plasma from a pulsed dc
gas discharge. The main results are as follows:
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F1G. 1. Relative rf electric field distribution over periphery of circular
wave guide. (Signal frequency: 5500 Mc/sec, Gas: Ne+1% at 1 mm Hg.)
The reference plane for 6 and the reference level for the E-field measure-
ments are the plane and amplitude, respectively, of the maximum E-field
with no discharge. Signal pulse 50 sec after 5 sec dc discharge pulse. Pulse
voltage: 1050-v peak. Pulse current: 135-ma peak.

(1) Very large angles of rotation, on the order of 90° or more per
guide wavelength, exhibiting a pronounced resonance behavior in
the region where the gyromagnetic frequency of the electrons
approaches the signal frequency.

(2) Departure from linear polarization as resonance is ap-
proached. Polarization becomes more broadly elliptical and finally
almost purely circular at resonance.

(3) Demonstration of an analogue, for guided microwaves, of
the crossed Nicol prisms experiment.

The anisotropic electron gas is produced by a pulsed dc dis-
charge in a hot-cathode tube containing a rare gas, which com-
pletely fills a five-inch long section of guide which is enveloped by
a solenoid. A signal pulse ten microseconds wide, with variable
time delay after the dc discharge pulse, is sampled by a probe in a
following section of guide, which can be mechanically rotated
about the guide axis.

In Fig. 1 the rf electric field at the guide periphery is plotted as
a function of angle for several values of magnetic field. In Fig. 2
the angle of rotation of the plane of maximum E-field is plotted as
a function of magnetic field. The experimental conditions are
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F1G. 2. Rotation of plane of maximum E-field vs magnetic field. The
experimental conditions are the same as for Fig. 1.



