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mixture of these stales. If two fluorine atoms interact so as io 
form ann evaporate as Fz, the ~ represents half of the enrrgy tn 
rause this. )[ 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 
ELIAS P. GVFTOPOl-I.DS 
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~H;lSSach1t,"cits Institute of Technology. Cambridge, ,V/assachu,se/ls 

(Receive,1 28 August 1963) 

T HE purpose of this communication is to compare some 
experimental results reported recently by Anderson et lli. 

with similar theoretical predictions presented by Gyftopoulos 
and Levine. 

Anderson et al.1 give experimental results on the work function 
of and the desorption rate from a rhenium surface partially or 
fully covered hy thorium. One of their conclusions is that their 
experimental measurements arc in disagreement with the theo
retical results published by Gyftopoulos and Levine.2 unfor
tunately, Anderson et al. have been misled to this conclusion by 
misquoting Ref. 2 and by failing to 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 vapor2: 

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 '1'h: 
sum of covalent radii: 
polarizability of Th": 

r", = 1.28 X to-HIm 
rj=1.65XIQ-1fim 
R= 2.93X to-10m 
a=8.2XtO- 1O F-m2• 

For the particular reproducible specimens, of Re immersed in 
'1'h, investigated by Anderson e/ aZ., the following constants were 
reported! : 

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 

electron emission": 

</>",=4.85 eV 
</>1=3.33 eV 
u/=7.95XtO!8/m2 

U=UjOm=4.2X 1018/m2 

</>e=3.15 eV 

substrate crystallographic (0001) 
structure: 
On the basis of these physical constants and experimental data, 

Eq. (1) can be numerically evaluated. Indeed: 

Urn =20"1= 15.9X t078/m',' 
costl = 0.86," 

</>m-</>,(O) =l-C(Ol[l 5.1XtO-19o"j0 ] 
</>"'-</>I . 1 +6.6X to-29O"II(JJ • (2) 

The plot of Eq. (2) is in excellent agreement with the work func
tion measurements of Ref. (1) for all values of O. In particular, at 

the point of maximum emISSIOn where 0",=4.2/7.95=0 .. :;3, 
"jll..,=4.2X10'", (;(Om) =0.46, Eq. (2) )"i('k1s: 

</>,=3.1 eV. 

This is to be compared with the experimental value 3.15 eV.l 
In conclusion, the theory advanced in Ref. 2 is in agreement 

with the results of Anderson et 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 both atoms 
and ions, without adjustable parameters, is given in an article by 
Levine and Gyftopoulos that is to be published." 
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34. 2260 (1963). 

, E. P. Gyftopoulos aml J. D. Levine. J. Appl. Phl's. 33, 67 (1962). 
'This value is calculated with a Richardson constant A =75. The 

formalism of Ref. 2 requires A 120 but this does not introduce any ap~ 
predable difference_ 

<1 See Ref. 2, p. 7i, Anderson et at. guess this denf'.ity to be equal to 
15.3 X10" rn'. 
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High-Frequency Oscillations in a Thermal Plasma 
\\""H.L1A~I H. CUTLER 

Hansen Laboratories of Physics, Stalljord [¥uiversiIY. 
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(Recei\'ed 3 September 1963) 

L 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 Bridges2 have suggested that an instabilit v of the 
drifting electrons should give rise to high·frequency os~illations 
\\"ith 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 heen observed in a thermal cesium 
plasma. The apparatus is a cesium-vapor diode utilizing a 1.27· 
cm-(!-in.) diam electron-bombardment-heated tungsten button, 
opposed hy a moveahle cold plate, operating in an axial magnetic 
field. 

\-Vith the diode short circuited and the Lutton temperature such 
that an excess of ions is available, smooth ion oscillations are oh
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 500 to 1000 times 
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FIr.. l. Waveform of low-frequency fluctuations and the 
envelope of high-frequency bursts. 
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T.\I:LE f. Oscillation frequency and burst frequency' as a 
function of diode spacing. 

Diode spacing Oscillation frequency 

0.56 em 100 kc, 1'ec 
0.73 i() 
O.Rt) (d 
O.f)() 52 
1.2S 45 
1.35 .1'1 
1.5·! 37 
l.R9 .iO 

Burst frequency 

861\i}c / "ec 65 I'" 

SO 
48 
43 
35 
.H 
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 
o[ 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 before 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 ion
electron mass ratio. 

, K. P. Luke and F. E. Jamerson, J. Ap1'l. Phy,. 32, 321 (1962). 
'C. K. Birdsall and W. B. Bridges, J .. "pp1. 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 

CJ. '\1'pl. Phys. 34.746 (1963)J 

Jr'LltrS W. E:-;I() 
U. S. Xa1'al Ord1lance Laboratory, ~Sil~'er 5ipri1lg, kfarylalld 

I N a recent paper we concluded that the mirror image (about 
Pf{,itH) of the Hugoniot must approach the isentropic expan

sion curve that passes through the shocked state Pll,UH as PH -> O. 
While this conclusion is valid, the proof given in the second half 
o[ 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 
It-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 
Po, 1'0,5'0,110 =0, and the expansion isentrope [rom the shocked 
state PIf, ]'f{,SJ{,llU >0, ",ith dP /dll>O on all three curves. Then, 

and Q=[UH-lI(Pl[,SO) J/u(Po,SJ/) > 1 for a thermodynamic fluid 
with [a (pc)/as]E' <0, i.e., with a'v/apas<o. Thus, for such a 
fluid (e.g., a y-Iaw gas), Q7"'1, which implies that the isentropes 
cannot be generated by a translation in the 16 direction. But 
n(PH,SH)-U(Pll,SO)a.(PH-PO)" and Ulla.Pll-PO for PH""P" 
from which it follows that U(PO,SIl)/UJ[ ....... 0 as PH ....... Po. since 

U(PO,Sll )/11[[ < [1I11-II(Pu ,Sa) J/uJla(pJ/ -- Pol". 

If we now consider the mirror images of all three curves (the 

initial state is no\\' 1'''' r",S",21111, and dP /dll<()J, we filld 

R=[2I1H-'U(f'o,SJ/)J/1I11 ,0 as I'll ,I'", 

here, 11(1'",','11) is Oil the mirror-image curve. 
Another proof is based on the elegant analysis of Walsh and 

Christian,' who derived the maximum and minimum values for 
[U(PO,Sll)-UH]/Ulf under the assumption that (aEI()I')l'~l'o 
=constant. Both these values [see their Eqs. (15) and (22)J 
approach 1 as Pll --> Po, implying that R -+ 0, too. 

1.1. w. Wablt awl R. II. Christian. Phys. Re\'. 97, ISH (1<)$S), 

Erratum: Ultrasonic Amplification and Non
Ohmic Behavior in CdS and ZnO 

u. Appl. Phys. 34. 1548 (1963)J 

J. H. ~[('FEE 

Bell TtlI' pholle J.oboralory, I Jlcorpo!'a(nl, ,\furray Hill, Sew J rrsey 

T HE equation at bottom of p. 15.11 should be corrected to 
read as follows: 

vd?:i',[l +~(wdwLJ)JI. 

On the basis of this corrected equation, the last 1\"0 sentences in 
the same paragraph should be changed to read: 
Sample 2 is the worst case and gives i'd?: 1.3,', 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 I to show non-Ohmic behavior approximately 
as soon as the carrier drift velocity exceeds the sound velocity. 

Erratum: Ultrasonic-Diffraction Shutters for 
Optical Maser Oscillators 

[J .. "1'1'1. Ph,.,. 34. 2984 (1%3) ] 

.\ .. J. DE1\f.\R!.\ 

R.esBorc/i Laboratories, Cnilfd Aircraft Corporatioll, 
J~ast Hartford, COllJlecticut 

ALL references 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 r<:(erence to Fir,. 7. 
The sweep speed for Fig .. -Ie Oll p. 2986 should read: 20 J.t scc/div 
rather than 10 J.t sec/div. 

Erratum: Retarding Field Technique for Meas
uring Sublimation from Dispenser and 

Oxide Cathodes 
[J. c\ppl. PhO'>. 34. ZOO (1963) J 

JOB]\' V. FLORIO 

General Telepho11e (:;' Rlectrouics Laburatorirs. JU( •• 
]{a);,side 60. Xt'R' York 

T HE ordinate scale (evaporation rate ... monolayers/ 
sec ... ) oj Fig. 12, p. 205, should be multiplied every" 

where hy a factor of 10. 

Announcements 

American Institute of Physics Handbook, 
Second Edition 

The second edition of The American Instilute or Physics If and
book, which is a thorough revision and expansion based on sug
gestions made by a distinguished panel of physicists, has recently 
been published by McGraw-Hili Book Company (Price $29.75), 
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