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Preliminary Analysis of the Microwave
Spectrum of Ketene

B. BAK, E. STFNBERG KNUDSEN, E. MADSEN, AND J. RASTRUP-ANDERSEN
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~ ICROWAVE spectra of CH2= CO, CHD = CO and
CD~= CO were taken at a pressure of 0.1 mm Hg in a 23-

foot brass wave guide (X-band) with central steel electrode using
Hughes-Wilson modulation technique. The oscillator was a 2K33
Klystron which, by proper adjustment of its largest screw (not
the ordinary turning screw} and correct matching, oscillates be-
tween 16,000 to 21,200 and 22,000 to 25,800 Mc/sec. Wave-lengths
were measured by a wave meter, carefully calibrated against
well-determined N'4H3 and N"H3 absorption frequencies. The
frequencies obtained seem good to 2 to 3 Mc/sec.

A solution of CH2= CO in acetone was prepared by cracking of
acetone. A solution of the deuterated species was prepared by
cracking a mixture of deuterated acetones which were obtained by
leaving a mixture of 18 g D~O, 0.2 g NaOD and 16 g acetone for
36 hours and afterwards distilling off the acetones through an
eflicient column. In this way 15.2 g deuterated acetones were pre-
pared. Density determination of the H20 —D20 mixture, subse-
quently distilled off, showed that exchange equilibrium had been
reached The various ketene species used for the absorption ex-
periments were admitted to the gas cell from their acetone solu-
tion which was kept at —70'C.

CH2=CO absorbed at 20,200 Mc/sec. (middle intensity) and
at 20,257 (weak), neari~ N'~H3 at3 20,272.3 and'4 NI4H~ at'
20,371.4.

By cooling of the gas cell to about —60'C it was seen that the
intensity of the stronger line increased about 3 times while the
weak line remained of constant intensity. The 20,200 Mc fre-
quency thus must be assigned to the ground state of the molecule,
20,257 to an excited level. Both Raman spectrum and infrared
measurements~ show the existence of a vibrationally excited level
at 510 (Raman) or 529 cm ' (infra-red). The next level apparently
lies at 600 cm '. The weak line, 20,257, may therefore be assigned
to a molecule, excited by 510 cm ', but it remains unexplained
why another, slightly weaker line, corresponding to 600 cm '
excitation was not observed.

The strong line showed a Stark affect (at ~500 volts AI ~6
Mc/sec. }which is in agreement with the molecular dipole moment'
(1.45 D.U.). Ketene prepared from acetone contains CH4,
CH~= CH2, CO and acetone as impurities. It was shown by ex-
periment that acetone does not absorb at the frequencies assigned
to ketene.

Correspondingly CHD= CO showed weak absorption at 18,892,
stronger at 18,825 (close to'6 N"H3 at 18,884.9 and' N"H3 at'
18,808.7. CD2=CO absorbed with middle strength at 17,690
(close to&' N"H3 at 17,548.4 and'~ N"Hs at' 17,855.3). No weak
line was observed in the case of CD~= CO.

From the interatomic distances determined by election diffrac-
tion' (dco=1.35~0.02A, dip =1.17~0.02A) and the selection
rules it follows that the absorption frequencies found must
correspond to a 00—+1 i transition. CH~=CO has 3 diferent
moments of inertia I,(&It,&I„where I.=I +It,. In units of
chemical molecular weight times angstrom squared I, may be
assumed to vary between 1.49 and 1.97 corresponding to
d =1.05A, &HCH=110' resp. dcH=1.09A, &HCH=130'.
This gives Iq=49.28, resp. 49.08, I,=50.77 and 51.05.

The geometry of the molecule is somewhat better determined
(although not completely) than has hitherto been the case. The
results for CH2= CO and CD&= CO are easy to handle as here the
dipole moment lies in the axis of least moment of inertia. The
geometry of the molecule has 4 unknowns: dqH, dog, dip and
g HCH(= 2q). If reasonable values of dt:H(1.05-1.09A) and
2y(110'-130') are assumed a number of corresponding dye and
dip values can be calculated. For dye= 1.07A fine agreement with
the election diffraction data is obtained at 2y=123'.7~1'.0.
For dcH=1.05A 2y=120'.3~1'. For dcH=1.09A 2y=127'. 1

Current Fluctuations in D.C. Gas
Discharge Plasma*

P. PARZEN AND L. GOLDSTEIN
Federal Telecommunication Laboratories, Inc. , Xutley, Rem Jersey

April 21, 1950

ADIOFREQUENCY energy produced in a d.c. gas discharge
plasma has been measured in the microwave region. "The

use of gas discharge tubes as microwave noise standards has
recently been indicated. ' This noise power can be accounted for
by a study of the electron current fluctuations in the plasma as
follov s.

An electron whose thermal speed lies between V and V+4 U will
on the average suffer ZvT collisions in a time T. Actually there
will be fluctuations in this number, and the probability p(K} that
it experiences E collisions in a time T is:

p(K) = DZv T) /E tl exp( —ZvT}. (1}
The probability q(8) that the time of consecutive collisions of

an electron lies between 8 and 8+d8 is:

q(~}=Zv exp( —Zv~)de (2)

Now making the usual assumptions that the electron current
exists only between collisions, the current i, measured between
the electrodes due to an electron which has collided at time tt,
with a subsequent free time 8& is:

i,(t—tI, , 81,}= e/dpV, +a(t —tI,}j for tI, &t &tt,+el„(3}
where d=length of tube parallel to direction of applied electric
field E, a=eE, /m, and V = thermal velocity of electron parallel
to x axis.

There are similar expressions for the current in the I' and Z
directions, except that a is set equal to zero. The total electron
current I(t) will be a function of the random variables tI, and Hk

and it is possible to find its fluctuations and spectrum by the usual
methods. ' Under the assumptions that the electron distribution is
Maxwellian with an electron temperature T, and that the colli-
sion rate Zv is independent of velocity, the spectrum H"(f} of the
current fluctuations is given by:

((I—I)')A =J, Ir(f)df (4)

I Z Z —4P
W (f}=4I T,G(~}+4— (5)

&1.0. We thus know that 119'&2y&128'. The electron diffrac-
tion pattern was analyzed by assuming 2p= 110', but the analysis
is only slightly influenced by a change in the position of the hydro-
gen atoms. At the same time it is found that dct;=1.330—1.340A
and dip = 1.140-1.170A.

The results for CHD=CO can be utilized preliminarily by
assuming that the moments of inertia of CHD=CO are close to
those for an imaginary molecule CX&= CO, where the mass of X
is the average of H and D. If this is done the values dcH=1.06,
dog=1.333, dip=1. 150 and 2q =122'.5 must be favored. This
means that dip comes close to the CO distance in CO2 and in'
OCS (1.162A} and d&o close to 1.353A from ethylene. s Likewise
&HCH=122'. 5 is near the ethylene value' 120' and the formal-
dehyde value' (123'.5).

Further calculations are being postponed until better frequency
determinations can be carried out.
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P 7' —co'
kTe+ cos ~ 2+ ~fp (7)

where 8= angle between E vector and axis of gas tube, and Po= d.c.
power dissipated in tube. For ordinary gas tubes that are used as
microwave noise standards, the contribution of the frequency
sensitive term is of the order of a few percent of the total noise
power output. This calculation does not account for noise power
due to other fluctuations.

"This development was sponsored by the Signal Corps Engineering
Laboratories, Fort Monmouth, New Jersey.

' L. Goldstein and N. Cohen, Phys. Rev. 73, 83 (1948).' W. W. Mumford, Bell Sys. Tech. J. 28, 608 (1949).' S. 0. Rice, Bell Sys. Tech. J. 23, 282 (1949).

where I= (I(/))Ay average electron current, re= 2~f= angular
frequency of observation, G(a) =a.c. conduction of gas discharge
plasma, S= total number of electrons in the plasma.

The available noise power P„ from a gas discharge plasma
placed in the transverse plane of a rectangular wave guide propa-
gating only in its lowest mode is

P„= jlx j'/4G(cv). {6)

Here I~ ——a.c. electron current in the direction of the E vector of
the wave guide. Hence in this case,

One must note that this value of the magnetic moment may
possibly be in error as a result of second-order molecular effects
which we are unable to evaluate at this time.

Similarly, taking Bloch's~ value of

p(P) /p, (D) =3.257195+0.00002,

we get [g(SbI~)/g(H))=0. 13025+0.00002, and taking the value
7/2 for the spin, we get for the magnetic moment

p, = 2.5470~0.0003 nuclear magnetons.

It is of interest to compare the ratio of the g-values of the two
Sb isotopes as obtained spectroscopically by Crawford and
Bateson,

Lg(Sb"')/g(Sb'~} j= 1.82+0.02 to our 1.8466.
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Nuclear Magnetic Resonance of Sb'" and Sb'-"*
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E have made attempts to find the nuclear resonance of Sb

~

~

~

in Sb20g and SbC13 without success. On the supposition
that this failure was due to a large interaction between the electric
quadrupole moment of the Sb nucleus and the non-uniform electric
field of the above molecules a search was made in an ion in which
the electric field would be symmetrical. This requirement is ful-
filled in the SbC16 ion in which the Cl atoms are believed to be
arranged in a regular octahedral configuration about the Sb.

A search was made in a solution of HSbCls in HCl guided
roughly by the spectroscopic values of the magnetic moments as
given by Crawford and Bateson' using a radiofrequency magnetic
resonance spectrometer. ' Distinct resonances were observed in
the vicinity of 9800 kc and 5300 kc which from the spectroscopic
information would presumably be associated with Sb"' and Sbi23

respectively. Repeated series of readings were taken comparing
the Sb"' resonance to that of Na in solid NaCl, and the SbI23

resonance to that of D in D20. The frequencies of resonance were
measured by means of a U. S. Signal Corps frequency meter type
EC 221 —Q, calibrated at 100 kc intervals against harmonics
generated by a General Radio crystal controlled oscillator operat-
ing at 100 kc and in turn standardized against Station WWV.
The magnetic field was electronically controlled to a constancy of
about one part in 50,000.

The average values of the ratios of the observed frequencies are:

t (Sb"')/ (Na }j=0.90469+0.00004

fv(SbI23}/v(D') j=0.8442+0.0001.

If we take Bitter's' value of the observed ratio of vNa/vH
=0.26450+0.01 percent, and used a first-order atomic diamagnetic
correction for Sb of 1.00517 as calculated from the Hartree-Fock
functions4 and the value5 for H' of 1.000027, we get for the ratio
g{SbI~')/g(H') =0.24052+0.00003. Taking the spectroscopic value
of 5/2 for the spin of SbI~I and the value for pa as measured by
Taub and Kusch, s we get

p,(Sb"')=3.3595~0.0004.

EBect of Magnetic Fields on Conduction—
"Tube Integrals"

W. SHocKLEY
Bell 'l'elephone Laboratories, Murray FZ~ll, New Jersey

May 18, 1950

'HE eA'ect of a magnetic field H on electrical conduction can
be reduced to integrals by using "tubes. " Choose parallel

to H an axis Pyt in the P =Ak space of the Brillouin zone. Then the
region lying between planes P& and P&+dPIt and energy surfaces
E(P) =E and E+dE is a "tube. " For spherical energy surfaces
the tube is a torus with a parallelogram cross section. For more
complex surfaces and for energies for which the surfaces reach
the boundary of the Brillouin zone the tube may possibly take a
helical path and eventually fill most of the space between E and
E+dE. Ke shall discuss only simple closed tubes of interest for
semiconductors.

For any tube cx an angle variable j9 and a tube mass m are
defined by equations

P]
~n (t= dP(/vr, 2vmn gdP&/v=n,

where Pt is the distance in the P-space along the tube from an
arbitrarily selected fixed point and v is the scalar magnitude of
the component perpendicular to H of the group velocity v =VE(P).
H produces incompressible Row along the tube a with

dP/dt=( —e/c)vt&H, Pt=( —e/c)v H
H=Pt/v m = —eP/m c=o, (2}

so that |jj is constant and the period is given by the classical formula
with a mass mt.

If we assume that after one transition, due to thermal vibration
for example, an electron will have average velocity zero, then the
current produced by a given tube can be reduced to closed form
as follows. When an electric field E is applied each element d Vp of
volume in P-space becomes a source of electrons of strength

(—eU/kTh'} f(1—f)E vdVg, (3)
where V is the volume of the crystal, f the Fermi-Dirac distribu-
tion function and e, k, T, h are as usual. If v(y) =1/7(cp) is the
probability of being scattered per unit time at tube position p,
the total current density dI (=(—e/U)ev(cp)) due to electrons
brought into tube a by E is

dI =(8/kTP) f(1—f)dEdP~(ns / ).

J d8 J dvE v(e)v(v) exp f u(y')dy'/—ra . (4)


