LIST OF SYMBOLS

(The section defining the quantity or the defining formula is indicated in
parentheses)

A — Relative adsorption (24,10).

¢ — Effective capacitance (§4).

C — Capacitance of edge effect (§14).

Cp — Parasitic capacitance.

Co — Total capacitance of the insulated system.

D — Coefficient of diffusion.

E — Electric field strength.

G — Kernel of the integral equation of an aspiration counter (§3).
I — Current intensity. *

K — Boltzmann constant.

L — Maximum value 2. ®/ko/ (ko) (§32),

N — Electric flux, *

P — See Greek P.

Q — Charge.*

R — Resistance.

Rp — Leakage resistance (§26). Rp _

R — Relative effective scale of turbulence (§20). R
Re — Reynold's number (15.1), (21.7), (§34).

§ — Surface area.

T — Absolute temperature.

U — Voltage between the collector and repulsive plate. *
U — Equilibrium voltage of the collector plate (§16),*
Vv — Volume,

« and & — Constants of the measuring capacitor (16.6), (16.7), (16.8), (16.18).

d — Differential; distance between the plates of a parallel-plate
measuring capacitor.

¢ — Elementary charge.

g — Acceleration due to gravity.

h — Mesh width of grid.

ky — Operator 1— ¢ %(5.1).

j — Current density.
k& — Mobility (1.1).*
k, — Limiting mobility (4. 3). *
k¥ — Characteristic mobility (16.14), (16,21).*
! — Length of measuring capacitor,
In — Natural logarithm.
lg — Logarithm to the base 10.
m — Mass of air-ion; subscript, taking on integral numbers.
n — Subscript, taking on integral numbers,
¢ — Charge of air-ion.*
r — Distance from the axis of the capacitor.
ro — Wire radius.

rpand r — Radii of the outer and the inner plate of a cylindrical capacitor,

§ — Relative standard deviation.

* For footnote, see p.160,
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save and s, — Relative standard deviation, characterizing the stability
of the voltage supply and the effective capacitance of the
measuring capacitor, respectively (§28).
sp and s,, — Standard deviations characterizing the stability of the
conditional charge density (§30).
t — Time.
t, — Filling time of the measuring capacitor (13.1), (13.2).
u — Velocity of air flow.
u, — Velocity of the potential flux at a distance from the surface:
mean velocity of the turbulent flow.
Velocity of air-ion,
x — Distance along the axis from the beginning of the measuring
capacitor; arbitrary quantity.
— Distance from the surface of the plate.
— Difference, absolute errors.
— Conditional conductivity (5,21),
Conditional charge density (5, 14).
— Flow rate (throughput rate), *
— Voltage ratios (§29).
— §-Function; relative deviation of some quantity; limiting
relative error.
— Turbulent intensity (20. 3),
Dimensionless time (19, 22), (27.12),
— Conductivity (§1).
A+ — Polar conductivity (§1).
A(Ry, k) — Partial conductivity (1, 7), *
p and p, — Constants of the measuring capacitor (§19); (§20).
v — Kinematic viscosity.
¢ — Charge density. *
¢(k) — Charge density spectrum (§1), *
g(k1, k2) — Partial charge density (1.5),*
¢ — Standard deviation.
dox — Standard deviation of the charge, generated the moment the
switch is opened (§28).
dur — Mean-square error in measuring the voltage with the aid of
an electrometer.
dur — Mean-square value of the emf of the insulator (§28).
T — Time constant.
¥ — Arbitrary parameter of the measuring capacitor C, U,
or ¢.
o =1/ky *
In the figures a square with the letter U/ denotes a voltage source, a
circle with the letter 7 an ammeter, a circle with the letter £ an
electrometer.

o
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* The symbol without a dot denotes the absolute value of the considered quantity: x=|x] (§ 1),
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APPENDIX 1
Special Factors in Measurement at High Altitudes

The measurement of the air-ion spectrum at high altitudes differs from
ground-level measurement primarily in that the former is carried out
under conditions of low pressure and correspondingly high mobility. The
mobility of light ions is inversely proportional to the air density /Loeb,
1960/ over a large range and is calculated via the formula

T
= Po-
k=B, (A.1)

where k, p, T are respectively the mobility, pressure, and absolute
temperature, and k;, pn Ty are respectively the values of the same
quantities under normal conditions. The first column of the summary
Table A lists data on the standard model of the -atmosphere CIRA 1961 and
correspondingly calculated mobilities of OF ion¥, The initial value for
the mobility of O," ions was taken from the paper /Maushart, 1968/,

We shall consider briefly some problems which specifically apply to
measurements at high altitudes:

1. The uncertainty in the mobility. The mobility is in principle
determined in a system, the dimensions of which are considerably larger
than that of the free mean path of the particles, Therefore, particles of
normal dimensions are not suitable for measuring the mobility of molecular
ions at altitudes higher than 90 kilometers, where the mean free path is
of the order of 1 em or more. Values for the mean free path length 1, at
different altitudes are listed in Table A.

2. Permissible field strengths, If the energy transferred to the air-
ions by the electric field is of the same order of magnitude as the mean
energy of thermal motion, then the law describing the proportionality of
velocity to field strength is no longer valid.

An estimate on the basis of the formula KT » m(kE)? and experimental
data /Mitchell, Riedler, 1934; Balog, 1944/ indicate that under normal
conditions a field strength exceeding 10kV/em is inadmissible. Results of
the calculation of Eyaxat different altitudes are shown in Table A.

3. Permissible air velocity. At high altitudes the kinematie viscosity
of air increases. Quantitative data are given in Table A, It is easier,
therefore, to maintain a laminar flow. Table A gives the velocity u.,, at
which Re = ur/v in a tube with diameter d cm reaches the value 100d. At
an altitude of 50 km u.; exceeds the speed of sound. The operation of
aspiration counters under ultrasonic conditions has not been studied, Using
conventional instruments and computation methods, a velocity of 200 m/sec
should not be exceeded (the sound speed at an altitude of 80 km equals
270m/sec).

4. Measurement of the air flow rate. No convenient methods are known
for the direct measurement of the air flow rate through a measuring
capacitor at high altitudes. In practice, the flow rate is determined by
calculation from the velocity at which the instrument moves. This imposes
additional limiting demands on the counter design and introduces an element
of uncertainty into the measurement results. To increase the accuracy the
instrument must be calibrated with the aid of a complex device [Oster,
Dolezalek, 1966/,
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5. Air-ion distribution. In the range of high mobilities the linear
dispersion dx/dk (x is the settling coordinate of an ion entering the measur-
ing capacitor at the edge of the repulsive plates) of air ions in a measuring
capacitor is small, which distorts the distribution of air ions over the
mobilities in the differential measuring capacitor /Dolezalek, 1962b;
Dolezalek, Oster, 1965, 1965b/.

The dispersion depends on the angle between the air-ion trajectories and
the flow lines of the air flow. Table A lists values of the field strength E,
at which the slope of the trajectories of O, ions in a flow of velocity ucr or
200m/sec (if u, > 200 m/sec) equals 45°. A comparison of the values listed
under Emaxand E¢ shows that at H=50km, E = Epcand u = 200 m/sec the
slope of the trajectories of the O;’ ions is close to 45°

6. Volta effect. The induced decrease in the working voltage of the
measuring capacitor increases the relative value of the contact potentials
between the plates of the measuring capacitor as well as the corresponding
error in the determination of the limiting mobility, The contact potential
between the plates of a standard measuring capacitor is of the order of
0.1V, which at a height of 80 km causes a serious error. The contact
potential is very unstable, and, consequently, it is difficult to make
allowance for it, For this it would be necessary to plot the characteristics
in the mobility range /Bordeau, Whipple, Clark, 1959/. In order to
suppress the Volta effects the plates of the measuring capacitor are
covered with a homogeneous, chemically stable substance, From experience
in the manufacture of oscillating capacitors for electrometers it is known
that the best results are obtained by gold plating. This is considered in
the design of special measuring capacitors for operation at low pressures
/Dolezalek, Oster, 1965, 1966a/.

7. Diffusion of air ions. The limiting resolving power of the spectro-
scopic instrument (Formula (34.21)) depends primarily on the voltage of the
measuring capacitor. A decrease in the voltage limits the resolving power.
Table A gives values of the maximum possible resolving power for an ideal
capacitor geometry (u —1) and the condition U = E¢; 5cm. The limiting
resolving power Ry and the dispersion dx/dk are inversely proportional
to each other. The maximum obtainable resolving power is achieved for
a compromise of the operating conditions.

8. Electrode effect. An increase in the mobility with altitude causes
an increase in the electrode effect inside the measuring capacitor. Data
on the conductivity /Coroniti, Nazarek, Stergis, Kotas, Seymour, Werme,
1954; Bordeau, Whipple, Clark, 1959/ are given in Table A. An adjacent
column lists values of the relative error 8, calculated from formula (18.6),
assuming 1 =10cm, u = u, or 200 m/sec.

The electrode effect causes a decrease in the current in the measuring
capacitor. The assumption that under the limiting operating conditions
Imax= (n4++n-) e ¢/Bragin, 1965, 1966/ is unfounded.

9. Free electrons, From results of direct measurements /Bragin,
1966/ the negative charge carriers are ions at heights up to 70km and
electrons at heights exceeding 80km. The aspiration method is not suitable
for the study of free electrons, The presence of free electrons complicates
the evaluation of the electrode effect.
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10. Possibility of using a magnetic field. The magnetic force Z—qB (c is

the light speed, B is the magnetic induction) equals the electric field E when

B=Ber= (A.2)

<
e
If ¢ and k are expressed in cgs units, then B, is given in G (gauss). The
values of B, are listed in the last column of Table A.

In practice, we can readily achieve a magnetic induction of the order of
10*G. Consequently, starting at an altitude of approximately 50 km
magnetic forces can be used to deflect air ions.

The above-mentioned factors (1—9) render the measurements difficult.
Positive factors are only the possibility of increasing the flow rate and the
high polar charge density in the mesosphere and the ionosphere, This
enables us to relax the demands on the sensitivity of the electrometer and
to shorten the time required for the counts.

The simplest instruments are those which are intended to measure only
the mobility or the polar charge density /Hok, Spencer, Dow, 1953;
Bordeau, Whipple, Clark, 1959; Pedarsen, 1964; Bragin, 1965/. In these
instruments supersonic operating conditions are possible. Notwithstanding
the simplicity of the instrument, the accuracy of measurement results
requires additional analysis. One must consider the ratio of the mean free
path length of the ions to the dimensions of the measuring capacitor and the
ratio of the employed field strength to E,y(Table A). In the ionosphere
certain phenomena leading to distortions are encountered /Kagan, Perel',
1956/,

More complicated are the measurements for determining the spectrum.
To increase the spectral dispersion of the measuring capacitor a new method
was proposed and developed /Dolezalek, 1962b; Dolezalek, Oster, 1965,
1966a,b/, which uses an alternating field. The essence of the method of
Dolezalek is explained in Figure A, taken from the paper /Dolezalek,
Oster, 1965b/. The lower arrangement corresponds to the new method.
The ions enter the measuring capacitor via a narrow slit only during a
defined phase of the alternating voltage; the remaining air is de-ionized,
The instrument is a differential counter of the second order. To obtain
an increasing amplitude of the alternating field along the axis the repulsive
plate is divided. The manufactured measuring capacitors [Dolezalek,
Oster, 1965, 1966a, b/ are cylindrical.

The method of Dolezalek is also used for integral measurement /Oster,
Coroniti, 1968/,

Starting at a height of 50 km most spectrographic measurements seem to
be possible /Narcisi, Bailey, 1965/. At the same height the method of

grid stops is also effective /Bragin, 1962, 1963/.

Above 80km the aspiration method is no longer applicable for spectrum
measurements, A review of the results obtained in a study of the ionization
in the higher atmospheric layers can be found in the paper /Sagalyn, 1965/,
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TABLE A, Air-ion wwajectories in a differential measuring capacitor with a constant and alternating field
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APPENDIX II

Systems of Units

According to the recommendation of the IAMAP/IAGA the preferred
system of units for atmospheric electricity is the SI(MKSA) system. In

the present work the CGSE system is used, whereby not only units but

also many formulas appear in a different form. In order to convert the

formulas to the SI system, the following rules are useful:
1. The number 45, related to the dependence of the charge on the
electric field, should be replaced by 1/, 80— 8.854 pF/m.

2. The expression In(r,/r;), derived from the formula for the capacitance

of the coaxial capacitor, must be changed to 1nrl/4,,50
Ty

Examples:
Formula No.

4.3

4.4

33.1

Conversion table for units and constants

Formula in SI system

€0
CU

CUk/e,
"

k =

C=2rg1/In ¢

for k < ko
for ko < k

Ty
1

Quantity Sl CGSE Conversion factor
I 1A = 3+10° Esy; =6,24+10% e sec™!
u 1v = 3,33.10"* ESUy,
R 10 = 1,13-10"% Esup
¢ 1F = 9.10"em =6.24-10% ey !
p, P lem-? =3-10° EsUg p =6.24-10%¢om™?
FI(0] 1 kgm'3 sectt = lOsgum‘s sec-! =6.24-10° ev em =S sec
k 1 mév-teec-! = 3.10° ESUy, =10*em?v-! sec-!
X lseem™ = 1a-'m-! =9-10" ESU, =100 -tem™
e =1,602.10-Y ¢ =4,803-107"° ESUG =1le
K =1.38-10"% deg-! =1.38-10"" erg deg™! | =8.62-10"% eV deg-!
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