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Counters

Air ion counters are used for measuring the toncentratioris
of air ions in atmospheric physics research as well as for
various applications of eair electricity in medicine, indus-
try ete. Air Electricity Laboratory of Tartu University has a
long experience in the design and use of various air ion
counters. The paper presents a short survey of the design of
the counters.

The first counter designed and built in Tartu University
wags a stationary integral counter with a mechanical electro-
peter for the wmeasurement of small and large air ions. The
counter was built in university workshops by engineer A. Susi
under the supervision of J. Reinet in 1850 [1]. In the end of
the 1950s this counter was substantially developed by O. Saks
who applied a vibrating reed electrometer for the measurement
of low currents [2]. In the 1950= and at the beginning of the
196808 several portable integral air ion counters with a
nechanical electrometer (model S5G-24) were designed [3].

In 1863 J. Salm designed the first portable integral
counter with a vibrating reed electrometer [4]), Theoretical
research connected with the design of air ion counters was
started in 1956 by H.Tammet [5]. Development of portable air
ion counters of the series SAI-TGU was started under his
supervision in 1964 [5,6,7]. Universality and high sensitiv-
ity of these counters were achieved by the use of a vibrating
reed electrometer. The counters were equipped with a measur-
ing capacitor which took into account and minimized such dis-
torting factors as turbulence, edge ‘effect, and ion adsorp-
tion in the inlet device. The counters SAI-TGU-66 were pro-
duced for about fifty research institutions in the Soviet
Union and Eastern Europe. ‘

In 1880-1980 research in air ion applications was highly
active. This motivated the design of new air ion counters,
whereas the increase of reliability was considered as the
nain aim of improvements. Several counters were designed ac-
cording to special reguirements. The examples are the counter
UT-7001 with a small-size probe-like measuring capacitor and
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a low-inertia counter (7-7004 with a measuring capacitor
working at high pressures (up to 5 atm.)

With the air ion counter UT-68914 an attempt was made to
create a highly reliable device suitable for industrial pro-
duction. In this counter, and later in UT-7406, ventilation
of the inner volume with dried air while maintaining a low
superpressure in the inside of the case was used [8]. An at-
tempt was made to improve the electrometric commutator of the
measurement ranges. In the counter UT-691¢ a needle switch
was used, however, its design turned out to be unreliable.
In the later developments UT-7406 and UT-7714 commercially
panufactured magnetically controlled “hercon” contacts were
used. They were abhndoned due to the poor insulation prop-
erties of the glass shell, as even insignificant contamina-
tion brought about a large bias current.

Up to 1977 the laboratory-made dynamic capacitors [10]
were used in all counters. The commercially made dynamie
capacitor DRK-3 was introduced only in the last counter of
Tartu University UT-7714 designed with the vibrating reed
electrometer. The other improvements of this counter were a
digital display and output to an automatic data acquisition
system,

After 1877 solid state electrometric amplifiers were used
in all new counters. This was facilitated by the appearance
of new MOS-transistors with low bias currents. Due to the
introduction of MOS-electrometers the design of counters was
significantly simplified. In the case of selected MOS-tran-
sistors KP-305 the guaranteed bias current is about 10733 A.
A necessary stability of zero level is ensured by thermo-
-compensatory elements of the circuit and by the use of the
transistor near the thermo-stable point [11]. The first
counters with MOS-electrometers were UT-7905 and UT-8217.

The next model in the family of Tartu University air ion
counters is UT-8401, designed to meet high technical reguire-
ments including maximum reliability, easy operability, mini-
mum size and weight. The inner volume of the device is venti-
lated with dried air, a superpressure of 10-20 mm water
column is maintained in it. The insulator of the measuring
capacitor 1is protected by ventilation with dried air. Im-
provements are made in the commutation of measurement range
and in switching on/off of the operation mode. A built-in

flow-chart recorder or a pointer instrument is available as
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indicator.

The main parameters of UT-8401 are as follows.

1. The limiting mobility from 3.2-10"% to 2 cm®/(V-s).

2. The range of concentration from 102 to 6.4-10%° e/cn®.

3. The size of the counter 250 x 335 x 525 mnm.

4. The weight depending on the type of built-in recorder
is 12-16 kg. .

5. The power consumption is below 50 W.

The counter UT-8401 was produced for over a hundred insti-
tutions in the Soviet Union.

All the above counters are designed to measure both small
and large air ions. If to give up the measurement of large
air ions, the design of the counter will be essentially
simpler. Such counters will be described below. They are de-
signed to indicate small air ion concentration and/or elec-
trical conductivity of air, because the technical reguire-
ments a8t the measurement of small air ion concentration and
air conductivity are identical.

Building and testing of an aspirationgl air conductivity

measurement device with a modulating measuring capacitor was

completed in 1880 [12)]. BSuch a measuring cspacitor is es-

pecially reliable in field conditions eas its main insulator
is not sensitive to humidity and contamination. Requirements
set to the eleqtrometric amplifier are relatively lax and
there is no need for zero adjustment. One conductivity meter
on such a principle was built in 1984 by the order of the
Institute of Experimental Meteorology of the Soviet Committee
of Hydrometeorology and for a long time it has been used for
field measurements.

About 1980 a reliable conductivity meter making it'poss—
ible to estimate also the concentrations of small air ions
was built for a workshop of physics students [13].

F. Miller introduced an original measuring capacitor with
an inner collector electrode and an electrometer inside the
electrode [14]. The whole system requires only one high-ohmic
insulator which can be optimized from the slectrometric point
of view and is sufficienfly protected from pollution. The de-
vice consists of separate measurement and ventilation blocks.
The measurement block 'consists of two néasuring capacitors
and a power source. The device makes possible simultaneous
measurement of positivé and negative conductivity. The size
is 180 x 150 x 340 (measurement block) and 150 x 180 x 200 mm
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(ventilation block). The total weight is less than 9 kg.

A small-size air ion meter for the measurement of air con-
ductivity UT-8510 was designed by H. Tammet [iSJ. The device
is meant for conductivity measurements in the range 1-1000
fS/m and has an origindal construction of the sensor with a
plane collector electrode. Automatic zero correction is used
for the suppression of measurement errors. The air ion meter
has a modular construction and consists of three blocks: sen-
sor, fan, and controller. The modular principle makes it
possible to use different sets of equipment, whereas the uni-
versal air ion sensor is not modified. The size of the sensor
is 160 x 100 x 23 mm, weight 0.27 kg.

The latest development is a small air ion meter UT-8007
with a digital display and remote control. The limiting mobi-
lity of the device is 0.5 cm®/(V-s). The measuring capacitor
and the electrometer of the air ion meter are similar to the
construction described in [12]. The limits of the measurement
of air ion concentrations are from 10 to 2-10% e/cm®.

Spectrometers
In general air ion spectrometers are similar to air ion

counters but they are specially adapted for getting more de-
tailed information about the mobility spectrum of air ions.
Therefore, as a rule, they also have a more complicated
structure than the counters. All the ion spectrometers use a
static or quﬂéistatic electric field as a basic factor for
air ion classification. They can be divided into two large
groups: spectrometers with motionless (still) air called
drift tubes [18] and spectrometers with flowing air (aspir-
ation spectrometers) [5]. The choice of a drift tube is rea-
sonable when:

~ the volume of air under investigation is limited,

- there are only small ions to be measured,

- the concentration of air ions is éufficiently high.

The choice of an aspiration spectrometer, in its turn, is
reasonable when the volume of air is not limited. Aspiration
spectrometers can be used in the case of low air ion concen-
tration and there are no limitations with regard to the re-
gion of mobilities.

Air Electricity Laboratory of Tartu University has a long
experience in the study, design, and use of aspiration

spectrometers., The basic principles of mobility spectrometry
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have been published in the monograph [5]. Later the principle
of multichannel spectrometry has been elaborated, the prob-
lems of resolution have been specified, the automation of op-
eration and digital data processing have been introduced.

The first multichannel automatic air ion spectrometer
(model UT-7205) was built in 1972 [17]. This spectrometer was
designed on a parallel principle: all the spectral intervals
in a wide mobility range were measured simultaneously. The
spectrometer has two independent measuring capacitors, the
outer cover of either is divided into 25 well insulated
peasuring electrodes. Adjusting properly the regime of opera-
tion, it is possible to measure the mobility spectrum simul-
taneously as maximum in 50 intervals which can cover up to
three orders of magnitude of mobility. Using various regimes
it is possible to expand the range from 0.0001 to 3.2
cn®/(V-'s). The spectrometer has a built-in automatic control
unit: one has to choogse the desirable regime on the keyboard
and to push the starter button. After the selected measure-
ment period the device puts out the measurement data on a
punched tape, ready to be fed into a computer.

The shortcomings of the described spectrometer were main-
ly of technological origin and resulted often in technical
failures of the instrument.

The further development of that same spectrometer was
influenced by the problem of electrical analysis of aerosols.
A special charging chamber Ffor aerosols was joined with the
intake of the spectrometer [18]. This chamber enabled to give
definite charges to aerosol particles by means of an unipolar
corona discharge. The mobility spectrum of the particles
charged in this way was mpeasured by means of the above spec~
trometer and after that the size spectrum of serosocl par-
ticles was calculated on the ground of the mobility spectrunm.
Further development of this prineiple resulted in the design
of a special multichannel electrical aerosol spectrometer
[19]. Aerosol spectrometry was established as a separate
field of research in laboratory and it is not considered in
the present paper.

The further development of air ion mobility spectrometers
continued with the design of the multichannel spectrometer
UT-7914. The control unit of this spectrometer was designed
in a modern engineering level. The basic technical character-

istics of the spectrometer UT-7914 are as follows:
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- mobility range 0.00048-0.48 cm?/(V-s) is logarithmically
divided into 9 main intervals and a supplementary inter-
val 0.48-= cn?/(V's) provided for small ions;

- the spectrometer has two measuring capacitors each of them
with 5 measuring electrodes; one capscitor is fitted for
measurement of more mobile and the other for measurement
of less mobile air ions;

- each measuring electrode is connected with an individual
small-sized MOS-electrometer [11]. Such an electrometer in
the structure of the spectrometer guarantees the measure-
ment of concéntrations of air ions beginning from about
10 em™@ in intermediate ions mobility intervals and from
50 cm™® in large ions mobility intervals.

The design of the spectrometer UT-78914 was hccomplished‘in
1887. Special preliminary capacitors for the realization of
second-order apparatus differentiation have been installed on
the intakes of the measuring capacitors [21]. In 1888 the
spectrometer has been put into a continuoys exploitation in
the Air Ion Observetory Tahkuse.

An interest in the detailed study of the mobility spectrum
of small air ions in natural conditions occasioned the design
and building of a six-channel air ion spectrometer (model
UT-8415) [22]. The measuring capacitor has a divided air flow
and six outer measuring electrodes. By switching the voltage
it is possible to measure mobility spectra in 10 logarithmic-
ally distributed mobility intervals in the range 0.32-3.18
em?/(V-s). The measurement of the mobility spectra at both
polarities in this range takes as minimum a period of 5 min.

A particular class of spectrometers is represented by
scanning-voltage one-channel air ion spectrometers, which are
provided for investigations of the effect of chemical micro-
admixtures on mobility spectrum., The first spectrometer of
this class (model UT-7508) was built in 1875 [23]. This spec-
trometer is equipped with a corona point for unipolar ioniz-
ation of the air under investigation. The air flow passes the
corona point, runs through a coaxial electrofilter and enters
the measuring capacitor, which has one narrow (outer) measur-
ing electrode. By scanning the voltage the mobility range
0.6-2.4 cn®/(V-s) is run through in 75 s.

The next spectrometer of this class (model UT-7801) was
finished in 1878. This spectrometer ig similar to the above
model UT-7508, but an extra effort has been made to raise the
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spectral resolution [24,25). The invention [28] was used to
avoid the errors due to the incomplete sedimentation of air
ions in the entrance filter.
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