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Jumps in the potential at a boundary between regions of a plasr_na with. different concei_I­
trations and temperatures of electrons are considered from the pomt of VIew of the classi­
cal theory of contact phenome~a in metals. Measurements carri~d out in a discharge ~ube 
with two parts of a positive column differing in their concentratiOns of electrons confrrmed 
the admissibility of such a procedure. 

THE basic properties of the plasma of an ionized 
gas render it in many respects like a metal as 

represented in the classical theory of Drude. To 
such properties belon~, in the first place, the 
quasi-neutrality of the plasma in the presence of a 
simultaneous high concentrrtion of charged oar­
tides, and the maxwellian distribution of electron 
velocities on which is superposed a directed move­
ment in the electric field, determining almost com­
pletely the electrical conductivity of the plasma. 
The analogy between a metal and a plasma has, 
of course, definite limitations. Thus, for example, 
while the increase in current strength in a metal 
is determined, for a given concentration of elec­
trons, by the increase in the longitudinal gradient, 
in a plasma, on the other hand, for an almost con­
stant gradient (sometimes even falling with in­
creasing current density), the growth of the current 
is connected with an increase in the concentration 
of electrons. 

At the same time the analogy between a plasma 
and the classical model of a metal is not limited 
to the properties just mentioned, but extends also 
to several more specialized phenomena, such as, 
for example, the Hall effect. 1 And here we will 
take up the phenomena at the boundary between 
two regions of a plasma with different electron con­
centrations or temperatures. 

If the first region is characterized by an elec­
tron concentration n 1 and an electron temperature 
T 1, and the second by n2 and T 2 , then between 
these two regions there arises a potential dif­
ference ;\..[! which in the absence of a directed 

' 
current between the regions is determined, as in 

' • 2 
the classical theory of metals, by the expressiOn 

1M. I. Rodin and G. V. Spivak, Compt. rend. Acad. 
Sci. USSR, Nouv. Ser. 24, 247 (1939). On English.). 

2 P. I. Lukirskii, Foundations of Electronic Theory, 
Moscow-Leningrad, 1929, Ch. 5. 
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Here the integration is carried out over the entire 
region of change of concentration and temperature. 

As is well known, the difference in potential 
calculated for a metal under actual conditions ac­
cording to formula (l) amounts to only some thou­
sandths or hundredths of a volt. Actually the 
observed potential jumps at the boundary between 
two metals do not depend on the cause we have 
just mentioned, but on the difference in the work 
functions, which amounts to something between 
tenths of a volt and l-2 volt. 

In the electron plasm a the picture is the re­
verse. If we try to evaluate the "work function" 
for taking an electron from the plasma as the work 
done by a mirror image force extending from in­
finity to an intermediate position between the elec­
trons, then even for very high concentrations of 
electrons-- of the order of 10 12 -10 14 cm·3 --
this work turns out to be equal to a few: thousandths 
of an electron volt. At the same time the difference 
in potential between regions of a plasma with an 
electron temperature of the order of l0 4°K and a 
ratio of concentrations of the order of a few times 
unity may reach several volts. 

When the electron temperatures of the contiguous 
regions of the plasma are different, the exact cal­
culation by means of formula (l) is made more dif­
ficult, since ordinarily the temperature and con­
centration distributions of the electrons, which 
one needs in order to substitute for the T(n) occur­
ring under the integral sign, are not previously 
known. For a monotonic change in temperature 
formula (l) may be written in the form 

~U --~( T2- T 1 +Tin~:). (2) 

where T is a value of the electron temperature 
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intermediate between T 1 '!!.ld T 2; As a rough ap­
proximation we may take T "' 1/2 ( T 1 + T 2 ). The 
problem is notably simplified if the contiguous 
regions differ only in concentration, so that T 1 
"'T 2• In this case 

(3) 

For an experimental demonstration of the pro­
posed representation of the "contact" potential 
difference in a plasma, we took just this latter 
case, as being the more simply analyzable. The 
representaion was realized in practical form in 
the discharge tube drawn schematically in Fig. l. 

FIG. l. Tube used in the experiments. 

A mercury vapor discharge was maintained between 
one of the cathodes -- K 1, of mercury, or K2 , of 
wolfram -- and the auxiliary anodes A 3 and A 4 • 

Two anodes were located in the main tube, the 
hollow cylinder A 1 at the end of the tube and A 2 
in the form of a ring of width 12 mm in flat contact 
with the wall. Six cylindrical wolfram probes S, 
of length 7 mm and diameter 0.215 mm, were spaced 
along the axis of the tube. The distances between 
the probes are indicated in the drawing. In order 
to establish a definite vapor density the entire 
lower part of the tube was immersed in a vessel of 
water. 

By using suitable resistances in order to set up 
various values of the currents / 1 and I~ in the cir­
cuits of the modes A 1 and A2, we could create 
different concentrations of electrons in the parts 
of the discharge tube: n 2 to the left of anode A 2 

and n between anodes A2 and A 1• For practical 
l . d 

purposes the ratio of the concentratiOns n 2 an n 1 

with this arrangement could be estimated as 

(4) 

Due to the fact that the cross section of the 
tube was uniform along its entire length and the 
applied current density and vapor pressure of mer­
cury were sufficiently small, cascade processes 
should not have played any important role, and 
we may suppose that the electron temperatures in 
the two pill"ts of the tube were the same. This 
should be correct, at any event, at a sufficiently 
great distance from the transition region. A few 
remarks concerning the phenomena in this region 
will be made below. We merely note here that the 
electron temperature measurements which were 
carried out in each experiment at all probes gave 
results coinciding within the limits of the accuracy 
of the measurements. 

The analysis of the results of the probe mea­
surements was carried out in the following manner. 
On the one hand the jump in potential t..U was cal­
culated from formula (3), using the values of the 
electron temperatures and the ratios of the electron 
concentrations [determined both from the probe 
characteristics and from formula (4) ]. On the 
other hand, the potential distribution along the 
tube was plotted from the measured values (Fig.2). 
From the graph given in Fig. 2, the jump in paten-
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FIG. 2. Potential distribution in the tube, as mea-
sured by the probes; a: 11 __ 

= 1,2 amp. 12 = 0 amp. T = 22000° K; 
b: ft=0,2amp. 12 =c 1 a:, T~-<28000"K 
c: 11 = 0,4 amp. 12=0,Rainp.T=o2G000° K 



170 CONTACT PHENOMENA 

tial is determined by extrapolating the potential 
curves from the left and right parts of the tube 
back to the "surface of contact", which is taken 
as the surfa::e at which the anode was located. 

With respect to the two means of determining 
b.U, we may make the following remarks. The ap­
plication of formula (3), which is correct in the 
absence of a directed current, does not seem com­
pletely legitimate under the present experimental 
conditions. We must also take account of the fact 
that for a distribution of concentrations such as 
occurs in the experirre nt, the directed current of 
electrons moving toward anode A 1' when in the re­
gion between the two sections of the plasma, is 
moving in a retarding field. In this region the 
energy balance is upset, the average energy of the 
electrons decreases, and the very form of the elec­
tron velocity distribution function may change. All 
this, in· its turn, has an effect on the potential 

I, amps I I, amps I 

1,2 0 1 
1,0 0,5 1,5 
0,3 1,5 6 
0,2 1,0 6 
0,1 1,0 11 
0,1 1,0 11 
0,1 1,4 15 
0,04 0,8 21 
0,04 0,8 21 
0,04 1,3 32,5 
0,04 0,4 11 
0,04 0,6 16 
0,2 2 11 
0,2 2 11 

given in the table . The currents / 1 and / 2 are given 
in the first two columns, the ratio of the concentra­
tions n /n 2 in the next, the electron temperature 
in the fourth, and finally, in the last two, the calcu­
lated and measured potential jumps. 

In order to represent graphic ally the degree of 
separation between the calculated and measured 
values of b.U NJ 1 was plotted as abscissa 

' c l\ c. 
and b.U as ordinate in Fig. 3. We see that 

meas. • h A 
as a rule b.U me as. IS somew at larger than uU c ale. 

This agrees with the remarks made above con­
cerning the ex~gerated evaluation of the jump 
which results from our method of measuring it. 

The case which we have considered of "contact" 
potential difference between contiguous regions of 

distribution. Taking into account, however, that 
the directed electron current is small in comparison 
with the disordered, we may expect that these cir­
cumstances will not have a great effect on the mag­
nitude of the jump in potential. 

With respect to the determination of b.U from the 
graph of the potential distribution, it should be 
pointed out here that the true plot of the potential 
in the transition region is given, of course, not by 
the broken line vi' with an infinitely sharp jump, 
but by some smoothed curve U 8 drawn schemati­
cally in Fig. 2b. Consequently the jump b.U de­
termined by extrapolation of the linear parts of the 
potential distributions will be somewhat larger 
than that which actually occurs. 

The remarks just made should be kept in mind 
when estimating the extent of coincidence of the 
calculated and measured results for the potential 
.iump. The results of all the measurements are 
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FIG. 3. Comparison of the calculated and measured 
values of the potential jump. 
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a plasma is, as we have said, an extremely simple 
one. However, in principle it is possible to extend 
our proposed approach to the consideration of 
phenomena in an inhomogeneous plasma and to 
more complicated cases, in W!ich there occur dif-

ferences in the electron temperatures as well as in 
their concentrations. 

Translated by M. G. Gibbons 
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The paramagnetic resonance absorption spectrum in monocrystals of sjnthetic ruby con- . 
taining from 0.1 to 0.01% Cr is investigated at a frequency of 9o58 X 10 cycles, A theoreti­
cal explanation of the observed spectrum is given. By comparison of the results of theory 
and exferiment there are found: }he splitting of the basic level of.energy !n the electrical 
field o the crystal (6 = 0.38 em <) and the factors of spectroscopiC spiittmg:. g 11 = g j_ = 1.98. 

I N the majority of investigations on the para­
magnetic resonance of elements of the iron 

group, the hydrated salts of these elemests were 
studied. In compounds of this type the internal 
electrical field causing splitting of the basic con­
dition of the magnetic ion is created mainly by the 
molecules of water surrounding the ion in the form 
of an octahedron. For this .reason the electrical 
field acting on the ion is divided into a strong 
cubic field created by the molecules of water 
and a weak field of much lesser symmetry caused 
by the remaining atoms of the lattice. 

The paramagnetic properties of the investi_pated 
specimens of synthetic ruby are due to Cr ++ , 
which at low concentrations isomorphically dis­
places Al +++in the lattice of corundum. 1 Closely 
surrounding the Cr +++ ion in the ruby is the octa­
hedron of oxygen; here the chromium ion is not lo­
cated at the center of the octahedron, but is dis­
placed from the center along its trigonal axis, which 
is the optical axis of the crystal. On the whole, 
the individual cell of the ruby possesses a trigonal 
symmetry with respect to this self-same axis of the 
oxygen octahedron. Consequently, the internal 
electrical field within the ruby, created basically 
by the ions of oxygen, must be a powerful trigonal 
field. 

* Ex~erimental portion of the work carried out by 
Iu. Ia. Shamonin. 

1 E. S. Rudnitskaia,Works (Trudy) of the Institute of 
Crystallography, Academy of Sciences, USSR 8, 1953, 
p. 13. 
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l o RESULTS OF MEASUREMENT 

The fine structure of paramagnetic resonance 
ahsorption in monocrystals of synthetic ruby con­
taining from 0.1 to 0.01% Cr was investigate~ at 
room temperature at a frequency of 9.58 x 10 
cycles. 

The investigated specimens were placed in a 
cavity resonator which was excited by a magnetic 
H 112 wave. The power through the resonator 
served as the magnitude being measured. The ex­
ternal constant magnetic field which varied from 
0 to 5500 oersteds was modulated by a frequency 
of 50 cycles with an amplitude of modulation of 
A "" ±350 oersteds. Due to such broad modu-

max 

lation, the resonance curves were traced out com-
pletely on the screen of the oscilloscope. 

The optical axis of the monocrystals had been 
determined previously at the Institute of Crystal­
lography of the Academy of Sciences, U.S.S.R. How­
ever, for our purposes, the accuracy of this de­
termination was inadequate. For more precise 
establishment of the optical axis, the great posi­
tion sensitivity of several lines of the magnetic 
spectrum of ruby with respect to the magnitude of 
the angle between the directions of the optical 
axis and the constant field was employed. Coin­
cidence of the optical axis with the axis of rota­
tion of the crystal, perpendicular to the constant 
field, was established by the constancy of posi­
tion of all lines of the spectrum on the oscillo­
scope screen. 


