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mixture of these states. If two fluorine atoms interact so as to
form and evaporate as I, the e represents half of the energy to
cause this. 1f the evaporation occurs as fluorine atoms, then it is
just the energy of evaporation of a single fluorine atom from the
clean molybdenum surface.
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Work Function in the System Thorium-Rhenium

Kuias P. GyFrorovLos

Departmeni of N uclear Engineering and Research Laboratory of Electronics,
Massachuseils Tusiitute of Technology, Cambridge, Massachusells

(Received 28 August 1963)

HE purpose of this communication is {o compare some

experimental results reported recently by Anderson ef al.
with similar theoretical predictions presented by Gyf{topoulos
and Levine.

Anderson ef al.! give experimental results on the work function
of and the desorption rate from a rhenium surface partially or
fully covered by therium. One of their conclusions is that their
experimental measurements are in disagreement with the theo-
retical results published by Gyftopoulos and Levine? Unfor-
tunately, Anderson et al. have been misled to this conclusion by
misquoting Ref, 2 and by failing te verify it through use of the
formalism therein.

To see this clearly, consider the theoretical formula for the
variation of the work function of any metallic surface covered by
any monatomic metallic vapor?:
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where all the terms have been defined in Ref. 2.

For the adsorption system Th-Re, tabulated physical constants
necessary for the calculation are:

covalent radius of Re:
covalent radius of Th: rp=1.63X107m
sum of covalent radii: R=2.93X10"1m
polarizability of Th?: a=82X10"® F—m?

Yor the particular reproducible specimens, of Re immersed in
Th, investigated by Anderson e/ al., the following constants were
reported!:

rm= 1.28X 10719

[ 485 eV

br=3.33 eV

oy =7.95X 1018 /m?
=08, =4.2X1018/m?

work function of bare surface:
work function at one monolayer:
adsorbate density at one monolayer:
adsorbate density at maximum
electron emission:
work function at maximum $.=3.15eV
electron emission®:
substrate crystallographic
structure:
On the basis of these physical constants and experimental data,
Eq. (1) can be numerically evaluated. Indeed:

o207 = 159X 1078 /m2, 8
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The plot of Eq. (2) is in excellent agreement with the work func-
tion measurements of Ref. (1) for all values of 8. In particular, at
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the peint of maximum emission where 8,=4.2/7.95=0.33,
o= 42X 10, G(6,) =046, Eq. (2) vields:

$.=3.1eV.

This is to be compared with the experimental value 3.13 eV

In conclusion, the theory advanced in Ref. 2 is in agreement
with the results of Anderson ef al., at least as far as the numbers
quoted in Ref. 1 are concerned.

Regarding thermal desorption, a completely theoretical deriva-
tion of desorption energies of composite surfaces for hoth atoms
and ions, without adjustable parameters, is given in an article by
Levine and Gyftopoulos that is te be published.®
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. Anderson ef al. guess this density to be equal to

High-Frequency Oscillations in a Thermal Plasma

Wirriam H. Currer

Hansen Laboratories of Physics, Stan]m d Uitiversily,
Stanford, (,alzjm nia

{Received 3 September 1963)

OW-FREQUENCY ion oscillations are frequently observed
in thermal plasma devices, such as power converter plasma
diodes,! and are associated with drift of the plasma electrons.
Birdsall and Bridges® have suggested that an instability of the
drifting electrons should give rise to high-frequency oscillations
with period near the electron transit time across the device, and
that such oscillations decrease the average electron current and
density. Relaxation of the resultant charge imbalance would
produce a cycle of the ion oscillation,

Oscillations of this type have been observed in a thermal cesium
plasma. The apparatus is a cesium-vapor diode utilizing a 1.27-
cm-(3-in.} diam electron-bombardment-heated tungsten button,
opposed by a moveable cold plate, operating in an axial magnetic
field.

With the diode short circuited and the button temperature such
that an excess of ions is available, smooth ion oscillations are ob-
served as diode current fluctuations with frequency depending
only on the hutton-to-plate spacing. In addition, an L-C circuit
and detector picks up a signal with frequency 300 to 1000 times

20

DIODE CURRENT
A
o
I

o] i I
0 50 100
TIME u SEC
o
[
-2
oo
i -
P
w O
[=~]
Vo j\ L
0 IOQ
TIME u SEC

Fia. 1, Waveform of low-frequency flactuations and the
envelope of high-frequency bursts.
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Taner I, Oscillation frequency and burst frequency as a
function of diode spacing.

Oscillation frequency  Butst frequency

Diode spacing

0.56 ciny 100 ke, 'sec 86 Mc/sec
0.73 706 65
0.89 61 50
.90 52 48
1.23 45 43
1.35 39 35
1.54 37 34
1.89 30 31

higher occurring in bursts once each cycle of the lower frequency
fluctuation. Figure 1, prepared from oscilloscope photographs,
shows the waveform of the low-frequency fluctuations and the
envelope of the high-frequency bursts. (The small pips of alter-
nating sign occurring in the detector output are the low-frequency
current fluctuations, differentiated by the coupling coil}.

Table I lists the observed low and high frequencies as a function
of diode spacing.

The high-frequency bursts always occur in conjunction with the
low-frequency fluctuations. The detailed shape of the high-fre-
quency envelope may vary somewhat as conditions are changed,
but the burst always occurs slightly hefore or at the onset of each
low-frequency current pulse. The higher frequency is 500 to 1000
times the lower, this ratio being near the square root of the ton—
electron mass ratio.

' K. . Luke and F. i. Jamerson, J. Appl. Phys. 32, 321 (1962).
¢ C, K. Birdsall and W. B, Bridges, J. Appl. Phys. 32, 2611 (1961},

Erratum : A Complete E, P, V, T, S Thermody-
namic Description of Metals Based on
the P, u Mirror-Image Approximation
[J. Appl. Phys. 34, 746 (1963)]

JuLius W, Exc
U. S. Naval Ordnance Laboratory, Stlver Spring, Marylamd

N a recent paper we concluded that the mirror image (about
Ppuy) of the Hugoniot must approach the isentropic expan-
sion curve that passes through the shocked state Py,um as Py — 0.
While this conclusion is valid, the proof given in the second half
of the Appendix for the general fluid is incorrect for it is based on
the erroneous statement that “any isentrope in the P,u plane can
be generated from any other isentrope by a translation in the
w-direction.”” (This statement is true only for the trivial case where
the initial thermodynamic states of the isentropes are identical.)
The previous proof may be redone in the following way. Con-
sider the Hugoniot and isentrope passing through the initial state
Py, Vo,S0,20=0, and the expansion isentrope from the shocked
state P, Vi, S, >0, with dP/dn>0 on all three curves. Then,
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and Q=[{uy—1(Pr,S0)J/u(P0,Su)>1 for a thermodynamic fluid
with [8(pc)/8S1r <0, i.e., with 827/aP3S<0. Thus, for such a
fluid (e.g., a y-law gas), 051, which implies that the isentropes
cannot be generated by a translation in the # direction. But
#{(Pa,Su) —u(Pu,Se)a(Pyg—Py® and upaPy—P, for PPy,
from which it follows that «(Po,Sr)/umr — 0 as Py — Py, since

U (P;,,ffh’)/ll[[ < [1(}1 — (PU,SQ) ]/’It};a (P}; — Pg)t.

If we pnow consider the mirror images of all three curves (the
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initial state is now P, 17,50, 20, and dP/du<0), we find
R={2ug—u(Po,Su)fun >0 as Pu- > Dy
here, #(PySy) is on the mirror-image curve.

Another proof is based on the elegant analysis of Walsh and
Christian,! who derived the maximum and minimum values for
[36(Po, S} —ug/ur under the assumption that (8£/3V)p-p,
=constant. Both these values [see their Egs. (13) and (22)]
approach 1 as Py — Py, implying that R — 0, too.

FEOW, Walsh and R, I Christian, Phys. Rev. 97, 1544 (1955).

Erratum : Ultrasonic Amplification and Non-
Ohmic Behavior in CdS and ZnO
{J. Appl. Phys, 34, 1548 {1963)]
J. H. McFexr
Bell Telephone Laboralory, Incorporated, Murray Hill, New Jersey

HE ecquation at bottom of p. 1331 should be corrected to
readl as follows:

vz o[ 144 (we/wp) I

On the basis of this corrected equation, the last two sentences in
the same paragraph should be changed to read:

Sample 2 is the worst case and gives v4>1.3 75 as the condition
for round-trip gain. Therefore, to the extent that reflection losses
at the sample boundaries can be neglected, we expect all of the
samples in Table T to show non-Ohmic behavior approximately
as soon as the carrier drift velocily exceeds the sound velocity.

Erratum : Ultrasonic-Diffraction Shutters for
Optical Maser Oscillators
L. Appl. Phys. 34, 2984 (1963)]
AT DeMarma
Research Laboratories, I nited Aircrafl Corporation,
East Hartford, Connecticut
LL rcferences made to Fig. 6 in the paragraph beginning at
the bottom of the second column of p. 2986 and continuing
to the bottom of p. 2987 should, instead, make reference to Iig. 7.
The sweep speed for Fig. 4 on p. 2086 should read: 20 u sec/div
rather than 10 u sec/div.

Erratum ; Retarding Field Technique for Meas-
uring Sublimation from Dispenser and
Oxide Cathodes
[J. Appl. Phiys. 34, 200 (1963)]

Joun V. Frorio
General Felephone & Electronics Laboratorivs, I'nc,,

Rayside 60, New York
HE ordinate scale (evaporation rale . .. monolayers/
sec . . .) of Iig. 12, p. 203, should be multiplied every-
where by a factor of 10,

Announcements

American Institute of Physics Handbook,
Second Edition

The second edition of The American Institule of Physics land-
hook, which is a thorough revision and expansion based on sug-
gestions made by a distinguished panel of physicists, has recently
been published by McGraw-Hill Bock Company (Price $29.75).





