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Deutsch. On observing the curves as presented this would
seem to be not impossible.

This investigation was supported jointly by the AEC and
the ONR.
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FIG. 1. Energy of the electron lines from iodine 131.
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clearly four electron line sets with energy difFerences character-
istic of xenon. A single additional electron line at 142.5 kev is
interpreted as a E line. In all, there are five gamma-rays
whose energies are 80.1, 163.6, 177,0, 284.1, and 364.2 kev.

A higher energy line was observed with less accuracy by
absorption in lead. This had been reported by Deutsch as
having an energy of 638 kev. It is now possible to propose a
satisfactory level scheme incorporating the new lines, as shown
in Fig. 2, provided both the lower energy beta-limit and the
high energy gamma-ray are less energetic than reported by
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F&G. 2. A possible level scheme associated with iodine 131.

lens spectrometers with their accompanying low resolving
power to evaluate the energy of the conversion electrons. J.
DuMond and associates4 have observed the unconverted
gamma-rays in a crystal spectrometer and report energies of
80.13, 284.13, and 364.18 kev. We had, by means of' photo-
graphic spectrometers, observed these and other gamma-rays
with good relative precision but, due to the uncertainty in the
absolute value of the magnetic field, entertained some doubt
of the absolute accuracy. It is of interest to note that our
previously published values for the strong higher energy lines
were reported' as 284.8 and 365.0 kev, values consistently
slightly greater than those of DuMond. It is now possible to
calibrate the magnetic fiekls in an absolute manner in terms
of DuMond's energies.

The complete electron spectrum as now obtained from
carrier-free specimens procured from Oak Ridge is show'n in
Fig. 1, and the energies are collected in Table I. This shows

TABLE I. The electron spectrum of iodine 131.

Microwave Absorption of Some Organic Vapors
B6RGE BAK, ER1K STENBERG KNUDSEN, AND ERHARDT MADSEN

Department of Chemistry, University of Copenhagen, Denmark
April 4, 1949

A MICROWAVE spectrograph for the 1.25-cm region has
been built. The Hughes-Wilson technique' was applied.

The klystron is a frequency-modulated 2K33 which radiates
in the 22,600-25,700-mc region. Unfortunately, the coverage
is not total, as the klystron is of a somewhat deteriorated war-
surplus quality. The regions 24320—24270, 22860—22820 plus
smaller, scattered regions are generally inaccessible. The gas
cell is a 3-m E-band wave guide, vacuum-tight sealed by mica
windows and placed with the broad side downwards. The
modulation electrode is placed on the bottom of the cell,
insulated from the guide by paper. It is kept straight by two
weights placed outside the cell and connected with the elec-
trode by violin strings, carried vacuum-tight through the
mica windows. To ensure that the electrode follows the bottom
of the guide, the latter is placed in a slightly curved position.
The distance electrode-upper wave guide wall seems to be
quite constant judging from the sharpness of e.g. , the cos
line at 24326 mc. This electrode has the advantage of being
easy to place but the cell-electrode capacity is high, which
gives rise to trouble in the construction of a stable square-
wave generator, desirable as modulator element. So far, a
d.c. voltage between 50 and 300 volts, superimposed by a
sine wave with amplitude &40 volts and frequency 0.22-0.24
mc, has been used. The narrow band communication receiver
(~2 kc) following the 1N26 crystal is tuned to the frequency
of the sine oscillator. The radio output, after passing an
RC-filter, is displayed on an oscilloscope screen and simul-
taneously listened to via a loudspeaker. Signals, indicating
absorption, are easily distinguished from the difFerent types
of noise in the way they look and sound, and in that they
disappear when the sine oscillator is interrupted. Wave-
lengths are measured by a wave meter of the absorption type
calibrated against NH&, all the lines of which were quoted in
literature' in the 22600—25700-mc region were observed, as
were the lines of BrCN, ' and cos.' Our wave-length measuring
technique seems good to &5 mc, which is rather poor in
these days. While a suitable frequency-measuring system is
being constructed, we have investigated a number of organic
gases to get an impression of the possibilities of the microwave
technique.

Organic vapors hitherto investigated are CH3OH, 4 s

CHSNHs, ' CHBC1, CH3Br, CH3J)' CH3CN, ' CHINC, '
CHBNOs, s and (CH2)20. '" More organic vapors were tried
by us. In the case of acetaldehyde, acetic acid, dimethyl and
diethyl-ether, nitrobenzene, pyridin, anilin, furan, and methyl-
eneiodide, no absorption was found. Our positive results are:

C6HSBr (bromobenzene; gas pressure 0.3 mm, Stark d.c.
voltage 100) 23742-23690—$22050j mc.

C2H~OH (ethyl alcohol; pressure 0.16 mm, d.c. voltage 120)
25069-24385-24369-24295-23605-23555-23148-23081-
22820 mc.

(CH3)2CO (acetone; pressure 0.19 mm, d.c. voltage 100)
24758-24691-24646-24102-23934-23839-23827-23793
-23778-23749-23661-23603-23339-22940-$22560j-
f22500 j-$22410j mc.
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CHGNO~ (nitromethane; pressure 0.07 mm, d.c. voltage 125)
25412-25391(25400)-24599(24603)—24448—{24320)—24428—
24017(24047}-23706—23483-23467-23330—(23250)—23021—
[226207-L'225807-t 219207 mc.

CHsOH (methyl alcohol; pressure 0.1 mm, d.c. voltage 50)
25349-25332-25312-(25300}-25289-25151-25131(25132)-
25110-25038(25050)-25021(25018}-24997-24977-24960
(24954)-24928(24929)-24913-24901-(24317-24081—24040)—
23857 (23861)—23457(23450)—(23415)—23122{23121)mc.

Numbers in square brackets are very roughly estimated
values, numbers in parenthesis are from reference 6. The sub-
stances used were of high purity. Spectra of probable con-
taminations were investigated.
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w E consider here the motion of an electron (positron} in
an arbitrary external electromagnetic field determined

by the potentials @(r, t), A(r, t). The equation of motion for
the electron-positron field is

iA(8&/N) = I
—e. t k&+(e/c)Alc+mc'P+eqb IP. {1)

We denote by UI, {r, t, tp) solutions of (1) which reduce to
plane waves on the surface t =tp. The solutions Ut;(r, t, tp} will

then form a complete orthogonal set of function. For con-
venience in writing, we will also treat these solutions as if
they could be normalized to unity. We now split the solutions

Ut, (r, t, tp) into two sets UI,+(r, t, tp) and Ut, (r, t, tp), which
are defined so that Hp UI,(r, t p, t p) = et, Ut, {r, t 0, tp) with H p =
-~Ace &+mc'P has ok+&0 and eI, &0. The general solution
of (1) may now be written

tr" =ZagUI, (r, t, tp), (2)
in which the operators aI, are independent of time. If the field,
ltt, is Fermi quantized, then the az and al, satisfy the anti-
commutation relations Las, ns 7+ ——'0, Las, ns *7+=4s . We now
define charge density and current density operators by

p(r, t, tp) =Zal, *aI, +Uk+*(r, t, tp)Ug (r, t, tp)
+Za& *a& U& *(r, t, tp) U& (r, t, t )
+Zah, ~a& +UI, *(r, t, tp) U& +(r, t, tp)
—ZaI, aI, *V, '(r, t, tp) Uk, (r, t, tp).

S(r, t, tp) =Zai, +*at, + UI,+*{r,t, tp)e Ut, .+(z, t tp}
+Zal+.*aI UI+*(r, t, tp)eUI (r, t, tp)

+Zal, *ay Ul, *(r, t, tp)eUI (r, t, tp}
—ZaI, aI, *UI, *(r, t, tp)eUa (r, t, tp}.

The charge and current density operators as defined by (3)
are obviously gauge invariant. They, at least formally,
transform covariantly under Lorentz transformations. If we
define the vacuum, as was done by Schwinger, ' by the con-
dition that the states Uk+(r, t, tp) are empty and the states
UI, {r,t, tp) are full as tp~ —~, then the at,+ are annihilation
operators for electrons and the aI, are creation operators for
positrons. If we take the state in which there are no positrons
or electrons present at t=tp, then the expectation values
{p(r, t, tp)) =0 and (S(r, t, tp)) =0.The above expectation values
are independent of t and tp. We have thus obtained a result
which is in disagreement with the infinite results of Schwinger
and others. The result we have here obtained is an exact con-
sequence of the equations of motion (1) and of the initial con-
ditions used. We thus see that the problem of positron-electron
field in a given external field is not a dynamical problem, it is
entirely the problem of the appropriate definition of which
states are electron states and which states are positron states.

*Research carried out at Brookhaven National Laboratory, Upton,
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