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Abstract. The operation of a spherical ion analyzer designed for satel
lite measurements is studied in this paper. Under certain assumptions for 
the ion and the electron thermal velocities and for the charged particles 
collection radius, expressions for the floating potential of the external 
analyzing electrode are derived. The spherical electrode perforation is 
described in terms of geometric transparency. The applicability of the 
expressions as a function of Debye's radius and plasma ion mass is 
studied. The derived expressions are shown to be a generalization of 
the formula for the floating potential of a sphere. Considered are the 
possibilities and the restrictions when using ion analyzers for measure
ment of the electric field. 

PACS number: 94.80.+g 

1. Introduction 

The electric field is of great importance by the transfer of energy in the system 
ionosphere-magnitosphere and it influences the plasma distribution at hi~h 
latitudes. That makes the measurement of electric field and/ or plasma dnft 
an important part of the space research. In [l, 2] are described and analyzed 
different methods for measurement of electric field. 

The most common method is that of the double probe, by which the dif
ference of the potential of the two spherical or cylindrical probes is measured 
[3-7]. The probes must fulfil the following requirements: the two probes must 
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be identical; the surface characteristics must be homogeneous; the distance be
tween the two probes and to the satellite must be maximal. In common the 
measurement's results are independent from the potential of the object. The 
method allows the measurement of a. c. fields. 

The method of the electric field mill [8-1 O] consists in measuring the charge 
of the conduction surface that is inducted by the electric field. Thereby the 
results are independent from the potential of the rocket airframe. This makes 
the method very suitable for measurement of the potential of the object. 

The plasma drift is measured with a planar ion probe. The velocity of the 
particles is measured along the direction of the satellite velocity, as well as in 
the perpendicular plane [11 - 15]. The measurements depend on the ion density 
and the accuracy corresponds to the double-probe method. 

In [ 16, 17] is described the measurement of the drift of the artificial plasma, 
achieved after ionization of the inducted special chemical substances. The 
method is applicable only at twilight and therefore it is used only by rocket 
experiments. 

In this work is discussed the possibility of using spherical ion analyzers for 
measuring of the density, as well as for determination of electric field. 

The first direct measurements for determination of ionospheric plasma para
meters were made by the USA (by the V-2 rockets in 1946-1947), the frontal 
part of the rocket being used as a collector whose surface area was nearly the 
same size as the surface area of the other part of the rocket. In fact, this was 
a measurement by the nonsymmetric double-probe method, for which no the
oretical grounds had been developed. So, a great possibility exists that these 
results for the plasma parameters (published only in 1953) are not to be given 
much credit [18]. 

The first trustworthy results for the ionospheric plasma parameters were 
obtained in [19]. 

The theory of the spherical two-electrode ion analyzer was developed in [20] 
while an analysis of a three-electrode ion analyzer ionospheric measurement and 
the obtained results were given in [18, 21}. In [22] the description and analysis 
of a modification of the spherical ion analyzer is given, where the external 
electrode experiences the influence of a floating potential. 

The method is based on the measurement of the current as a function of the 
applied negative potential or, respectively, the linearly changing voltage applied 
to the respective electrodes (collector, antiphotoelectron and perforated analyz
ing grid). This mechanism p1ovides for the collection of enough trustworthy 
information about the surrounding plasma local parameters. 

In the exposition to follow, an analytical expression for the analyzing elec
trode floating potential is obtained, grid perforation being taken into account. 
The study would contribute to the increase of accuracy of determination of ion 
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concentration and to the use of a double probe of this type for the measurement 
of electrostatic field. 

In a row of experiments are used two identical spherical ion analyzers. By 
one of the working modes - measurement of the fluctuations of the concen
tration, the analyzing electrodes are under floating potential. This provides the 
principal ability for their usage by the measurement of the electric field. To the 
best of the authors' knowledge, no attempt has been made so far to analyze the 
effect of the analyzing electrode perforation on the determination of its floating 
potential. 

2. Floating Potential 

The floating potential is one of the typical points on the probe V - A character
istic. This is the potential at zero integral current from the probe, i. e. when 
electron and ion currents are equal. When the electric field or concentration 
variations are measured, the point on the characteristics in which the measure
ment is performed, is very close to the floating potential [3] . 

Let us consider the regime of the classical Langmuire probe A » r » Ao 
where A is the average length of the free path, r is the electrode's radius, and 
Ao is the Debye's radius [23]. 

In our case, K n » 1 (Kn = Af r is the Knudsen's number) means that the 
case of a thin non-collision layer of the space charge is considered [23] . The 
perforation of the analyzing electrode is described by the geometric transparency 
- the quantity a (0 :::; a < 1), represents the ratio between the openings integral 
surface area and the sphere's surface area. 

The potential distribution around the analyzing electrode is rather complex, 
as a result of which only approximate solutions may be found. For this reason, 
simple physical models are used to explain the operation of the spherical ion 
analyzer. In this work the model suggested in [22] will be used which is based 
on the following assumptions : 

2.1. Anisotropic Plasma 

For ions this is determined by the ratio of ion normal velocity v; and satellite 
velocity w (V; / w « 1). In this case, ions are collected from the velocity-aligned 
electrode surface, the area of which is equal to the electrode's projection onto 
the sphere's big circle 

(1) 

The electron thermal velocity Ve is much greater than the satellite velocity 
(w/Ve « 1). The influence of the magnetic field is taken into account ~nd the 
electron Larmor radius is assumed to be smaller than the sphere's radms. In 
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this case, electrons are collected along the magnetic force lines on both sides 
of the electrode, on an area two times greater than the electrode projection 
on the sphere's big circle. It is assumed that the negative potential inside 
the ion analyzer allows for the penetration of a significant part of the thermal 
electrons flow, which results in the collection of electrons on the inner side of 
the analyzing electrode, too 

(2) 

2.2. The Electron Current Is Much Greater than the Ion Current 

For this reason, the stationary state is attilined with negative electrode potential 
(r.p < 0). The penetration of the electrode potential into the plasma results in 
the increase of the collection radius. With small potential values (cp/p < 1), 
this is described by a linear ion current/ potential relationship: 

rkT 
wherep= - -. 

A.ve 

1 - <p 
l; =--NewS; 

p 
(3) 

This relationship holds both for thin and thick layers of space charge [24]. 
For electron current, the influence of collection radius increase is negligible, 
current being determined by electron energy 

l e = -NeV.Se exp(~~) (4) 

where k is the Boltzmann's constant, and Tis the electron temperature. 
The floating potential is determined by the equality (in magnitude) of the 

two currents l; and l e which yields the following equation: 

w (1 - ~)- 2(1 + a) Ve exp ( ~~ ) = 0 . (5) 

It is similar with the expression from [22], but there, instead of the p parameter, 
the ion retarding potential is used 

(6) 

where M; is ion' s mass. 
The retarding potential is used in [25.26] for ion saturation current with the 

cylindrical Langmuire probe. It is used in the theoretical work [21] referring to a 
two-electrode spherical ion analyzer as well. This is a consequence of the used 
one-particle (Coulomb ' s) approximation, i.e. the application of energy and 
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impulse momentum conservation laws only. If, however, plasma be considered, 
there will be another potential, depending on the plasma parameters. One 
expression for the electric field's depth of penetration in plasma is given in 
[27, 28] 

b-r = ADJ-2;:r (7) 

where AD is the Debye's radius. 
For the parameters of ionospheric plasma for heights below 1000 km, the 

quantity under the radical sign is not greater than 10 and because AD/r « 1, 
we get as approximation 

-b
2 

= r 2 
( 1 - ~) at I ~I < 1 . 

This yields the linear relationship (3) between the current and the electrode 
potential. Transforming current equality (5) and preserving only the first term 
in the series for ln(l - c.p/p), the floating potential can be determined: 

_ kT l 2 V. ( 1 + a) 
'PJ - - ( AD) n w · 

e 1--
r 

(8) 

The floating potential of a spherical electrode [3] can be easily derived from 
expression (8). Formally, this is achieved by the substitution a= 0 and AD = 0. 
Since in the magnetic field is not taken into account, the collection of electrons 
is anisotropic and, to derive the expression in (8) the factor 2 should be replaced 
by 4. It is quite clear that the floating potential of the analyzing electrode is 
more negative than the sphere's potential which is due to the field's penetration 
and the peculiarities of the charged particles collection model. 

When the Debye's radius increases, attaining values for which plasma con
sideration is inapplicable, Coulomb approximation should be used: 

_ kT l 211,,(1 +a) 
c.p f - - ( 2kT ) n w . 

e 1---
Miw2 

(9) 

The expression AD :S 2
kT

2 
< 1 provides the condition for the use of the 

r Mw 
plasma or Coulomb approximation. For the ionospheric plasma with prevailing 
oxygen ions, expression (8) is applicable only for high temperatures and small 
Debye's radius which restricts its field of application. But, at greater heights and 
prevailing light ions, expression (8) is applicable everywhere while expression 
(9) is inapplicable under this model even at temperature greater than 1500 °C. 
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When the potential inside the ion analyzer does not allow for the penetra
tion of thermal electrons in the analyzer, the electrode's perforation loses its 
significance and the floating potential can be derived by the substitution a = 0. 

Expressions for the floating potential can be used for the detennination of 
concentration and concentration fluctuations, the latter being measured only in 
the floating potential regime: 

(10) 

3. Electric Field 

The obtained expression makes possible to discuss the possibility of measuring 
of the electric field using a couple of ion analyzers and to determine the minimal 
error. Let v1 and v2 are the Fermi levels of the first and second electrodes. The 
potentials of the electrodes will be as follows: 

where A 1 and A 2 are the average work functions of the electron on the illu
minated surface of the electrodes. The variations of the work function depend 
on the surface property of the coat and are of the order of tens of e V, but the 
averaged value may be smaller. In the general case it depends on the time, 
because due to the satellite movement the illuminated part of the electrodes is 
changing. 

The current i through the input resistance of the instrumentation Ri flows 
due to the potential difference of v1 and v2 and is [29) 

. - - A1 - A2 
iRi = l/1 - v2 =Ed+ - (~u1 - ~u2) 

e 
(11) 

where E is the outer electric field, d is the vector of the measuring basis. The 
~u1 and ~u2 are the absolute values of the electrode potential changes caused 
by the fact that the electrodes are no more under floating potential because of the 
current flow. Because of the charge preservation ~u1and ~u2 are determined 
from the condition that the currents from the probes through the input resistance 
are equal. If each of the values ~u is small enough in comparison with the 
modulus of the floating potential and when setting (~u = ~u1 - ~u2 one can 
detennine the total change of the potential [29, 30) 

~U= 2i 
(I[ - !~) 'Pr 
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where in the denominator are the derivatives of the currents from the analyzing 
electrodes by potential, determined in the point of the floating potential. By 
using the obtained expression for floating potential (8) can be obtained in 

2ikT 
Liu= ----------,--

N e2w7rr 2(1 - a) ( 1+2>.:) . 

Substituting in the expression for the electric field we obtain for the measured 
signal: 

- - LiA 
Ed+ -

v1 - v 2 = -------....,,....,.--==e=-------
l 2kTe 

+ RiN e2w7rr2 ( 1+2 >-:) (1 - a ) 

Let us mark with Rp the value 

R = 2kTe 
P ( >. ) . N e2w7rr2 1+2 : (1 - a) 

This is the resistance of the plasma layer by floating potential and it depends 
on the plasma parameters, the characteristics of the analyzing electrode and the 
satellite velocity. This shows that the layer properties are determined by the 
rons. Then the expression for the measured signal will be 

(12) 

The obtained expression allows to determine the input resistance of the mea
suring instrumentation so that the denominator is fast equal one. When this 
condition is not fulfilled , but the plasma parameters are known, the proper re
duction of the expression can be made. If the necessary measures are taken and 
the contribution of the work function to the numerator is small, then the input 
signal is proportional to the measured electric field. From the expression for 
the floating potential of spherical probe of Langmuire [3, 25] can be determined 
the resistance of the layer in this case. 

The ratio of sphere resistance is given by the expression: 

_p_ = (1 - a) 1 + 2_..E . R s ( >. ) 
Rp r 

(13) 
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It is obvious that it depends on the ratio of Debye's radius to the electrode 
radius and on the geometric coefficient of transparency. When a increases and 
respectively the collecting surface decreases, the resistance of the layer around 
the spherical analyzing electrode is several times greater than that around a 
sphere. This expression shows that when a = 0 and Av = 0 the resistance 
of an ion analyzer and spherical Langmuire probe coincide. By the geometric 
transparency of the common used spherical analyzers their ratio is nearly equal 
to 2. By measurements of the electric field the input resistance is chosen so 
that it must be at least two times greater than the plasma layer resistance. If 
spherical ion analyzers are to be used for measurement and of the electric field 
too, then by the same input resistance the error will be not greater than 2 3 . 
When the inner field does not allow the penetration of the electron flow, the 
layer resistance around the ion analyzer coincides with the one of the spherical 
probe of Langmuire. 

4. Conclusion 

The expressions obtained for the floating potential of the analyzing electrode 
can be considered as a generalization formula for the floating potential of a 
sphere since they encompass the cases as follows: 
1. A spherical electrode with arbitrary geometric transparency coefficient 0 :S 

a< 0. 
2. The analyzer potential penetration in plasma which is described by a linear 

relationship between ion current and potential; 
3. The electric potential inside the analyzer allowing for the penetration of 

thennal electrons therein. 
These results show that a couple of spherical ion analyzers can be used for 

measuring of electric field too, that considerably increases the applicability of 
the method for measurement of plasma parameters with ion analyzers, proposed 
by K. J. Gringaus. 

Acknowledgements 

This work is published with the financial support of the National Science Fund 
of the Bulgarian Ministry of Education and Science (grants NZ-714/1998 and 
NT 515/1995). 

Referen~es 

I. F. S. Mozer. Preprint Space Sciences Laboratory (University of California, Barclay 
1972). 

2. F. S. Mozer. Space Science Rev. 14 (1973) 272. 
3. U. V. Fahleson.~ Space Science Rev. 7 (1967) 238. 



180 G. Stanev, S. Chapkunov, N Bankov, G. Gdalevich 

4. D. P. Cauffman, D. A. Gurnett. J Geophys. Res. 76 (1971) 6014. 
5. J. P. Heppner, J.P. Storalic, E. M. Wescott. J Geophys. Res. 76 (1971) 6028. 
6. N. C. Maynard, E. A. Bielecki, H. F. Burdick. Space Science Instrumentations 5 

(1981) 523. 
7. G. Stanev, M. Petrunova, D. Teodosiev, I. Kutiev, K. Serafimov, S. Chapkunov, 

V. Chmyrev, N. Isaev, P. Puschaev, I. Pimenov, S. Bilichenko. Advances Space 
Research 2 (1983) 43. 

8. G. L. Gdalevich. Ionosfernie issledovania (Nauka, Moscow 1970) 90 (in Russian). 
9. T. Ogava. Contributions Geophysical Institute Kyoto University 13 (1973) 11. 

10. N. C. Maynard. Handbook/or MAP 18 (Ed. R. A. Goldberg, University of Illinois, 
. Illinois 1986) 188. 

11. Y. I. Gal'perin, V. N. Ponomarev, A. G. Zosimova. Kosmiciskie issledobaniya 1 
(1973) 273 (in Russian). 

12. W. B. Hanson, R. A: Heelis. Space Science Instrumentations 1 (1975) 493 . 
13. W. B. Hanson, R. A. Heelis, R. A. Power, C. R. Lippincott, D. R. Zuccaro, B. J. 

Hold, L. H. Hannon, S. Sanatani. Space Science Instrumentations 5 (1981) 503. 
14. R. A. Heelis, W. B. Hanson, C. R. Lippincott, D. R. Zuccaro, L. H. Hannon, B. 

J. Holt, J. E. Doherty, R. A. Power. Space Science Instrumentations 5 (1981) 511. 
15. L. G. Bankov, M. N. Gusheva, B. B. Kirov, N. G. Bankov, Y. Shulshin, K. Greshev, 

N. Nikolaeva. Advances Space Research 2 (1983) 71. 
16. H. Foppl, G. Haerendel, L. Haser, J. Loidi, P. Lutjens, R. Lust, F Medzner, H. 

Neuss, E. Rieger. Planet. Space Science 15 (1967) 357. 
17. G. Haerendel, R. Lust, E. Riegen. Space Science Rev. 15 (1967) I. 
18. G. L. Gdalevich. Ionosfernie issledovania 18 (1978) 95 (in Russian). 
19. K. I. Gringauz, V. V. Bezrukih, V. D. Ozerov. Iskusstvennie sputniki Zemli 6 (1961) 

63 (in Russian). 
20. R. C. Sagalyn, M. Smiddy, J. Wishnia. J Geophys. Res. 68 (1963) 1. 
21. A. A. Kmito. Metodi issledovania atmosferi s izpolzovaniem raket i sputnikov 

(Gidrometizdat, Leningrad 1966) (in Russian) . 
22. A. P. Beliashin. G. L. Gdalevich, V. I. Jdanov, V. D. Ozerov. Kosmicheskoe pri

borostroenie (Nauka, Moscow 1982) 89 (in Russian) . 
23. P. Chung, P. Talbot, K. Touryan. Electric Probes in Stationary and Flowing Plas

mas: Theory and Application (Springer-Verlag, Berlin 1995). 
24. 0. A. Kozlov. Elektricheskii zond v plazme (Atomizdat, Moscow 1969) (in Rus

sian). 
25. W. Hoegey, L. Whorton. J Appl. Phys. 44 (1973) 5365. 
26. J. P. Krehleiel, L. H. Brace, R. F. Theis, W. H. Pinkus, R. B. Kaplan. Space Science 

Instrmentations 5 (1981) 493. 
27. R. Jastrow, C. A. Pearse. J Geophys. Res. 62 (1957) 413. 
28. D. B. Beard, F. S. Johnson. J Geophys. Res. 65 (1960) I. 
29. S. V. Gavrilov, A. M. Moskalenko. Preprint IZMIRAN 31 (1976) 174. 
30. D. P. Cauffman, D. A. Gurnett. Space Science Rev. 13 (1972) 369. 

Bulgarian Journal of Physic 

UBVR SU 
IN THE F 

T. B. GEOF 
Rozhen Nati 
4700 Smoly1 

Received 10 

Abstract. Ph 
stars with V 
the 2 m RozH 
~ 0.1 mag an 
sitometer by 
regarded as p 
3 proved bri 
~ -7.9mag, 
with the cont1 
supergiants as 
with V < 17.l 

PACS numbe 

1. Introduction 

The investigations of the b , 
important for the understm 
stars play significant role 
the nearby universe. Havi 
supergiants occur to be be 
4]. 

Recently, improving the 
distance estimation, we hav 
in M 33 from different pap 
stars in M33 are well studl 
need a new survey and pho 

In the present paper we 
more precise magnitudes a 

© 2000 St. Kliment Ohridski Uni 


