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AUTOMATIC MULTIFLE POINT.SYSTEM FOR
MEASURING MICROPHYSICAL CHARACTERISTICS OF FQG
i IN EXPERIMENTAL INSTALIATIONS
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! Introduction

During the liast years, both in national and fareign
communications, a great deal of attention was given to
automation of scientific experiments.

The present article isdevoted to the automation of
measuring the proportions of aerosol particles, their con-
centration and the character of dstribution according to
size, this in experimental instsllations of the Institute
of applied physics., To determine the microphysical charac-

- ter of fogs created in thesme, two type of apparatus were used.
The first type consists of an aerosol trap (lovmshka) in
which the clbbud particles are cmught, counting on inert
settling;on a glass sheet with a special cover, after which
these are photographed through a microscope, then calculated.
The main inconvenience of this method are the time consuming
operations for the preparastion of traps for the processing
of measuring the results for a relatively small gquantity of
information obtained. Automation of some operamtions in
regard of work with the treps in an aerosol ghamber was
accomplished by V.V. Smirnov.

4s to the second type of aspparatus used in the installa-~
tions, they concern a photoeleotric meter of aerosol partiles
"Aelita", similar to the device worked out by A.G. Lsctionov
for laboratories and aikrcraft. measurings. Their work is based
on diffusion of light by aerosol particles, at wiich time the
amount of light dispersed by aeroscl particles depends on its
slze. Tranaforming a flow of light into electric current in
the photoreceiver, one can, with the help of electronic arran-
gement, measure concentration snd spectrum of the aerosol
being studied.

With the introducticm in exploitation of experimental
installation of a large volume (up to 3200 m3), in which fog
is created by means of steaming or adiasbatic spreading, the
necessity to measure spectrum and drop concentration of the
fog in a number of areas inside the installation. For this
purpose a five point automatic system has been worked out,
using phvtoelectric devices as registers, The aerosol chamber
was esuipped with such appsratus (five points) as well as
with two termobarochambers (with two points in each). This
system allows up to six measurings of spectrum per minute
and the noting down in figures (numbers) on & paper tape.
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A specially designed seven channel integral amplitudinsal
analysator, automatically plugged in in each register of the
system serves as the electronic installation for the entire
system.

Inasmuch as the system allows to obtain a great deal
of information-.about the concentration of fog particles and
spectra of their distribution according to size, it 1s possible
with its help to follow up the character of f..¢ parameten

alterations in the various aress o{ h? i?st,llati n fror
the moment of its formatlon up to its full dispersion.

Knowing the spectra of distribuvion, it 1s easily possible
to calculate, using the metho" suggested by L.M. Tevine, all
basic microstructural fog characteristics and tc¢ fin: their
changes in time. All measurings conducted up to the ,resensv
were limited by measurement diapason 2 + mk ir disumcter,
although, in principle, the lower (porog : threshold ?)
of the register, applied in the system, may »2 lawered up to
0,2 mk . The grasstest “»g concentrations, mesasured by this
system, were limited to 3000 cm. particles. Mcre detalled
information about register parameters and measurements erraxs
are given in (1) and (2).

Blook-schema nf the system

The block-schema of the system is shown on draw. 1 .
Photoelectric devices applied in the system as registers -
(D1+ D5), are described in (1). Each register has its own
feeding block (BP-1 « BP5), which insures a corstant stresa or
tension 8 in the photometr{c l:mp of the register and in the
airblower motor. The feeding of smplifiers end ::“wds repsaters,
deposed in the register head, is insured by & source of anode
and incandescent tension (IANN), which is 3ommon for all
registers. A source of high temcion (IVN) serves to feed
photoelectronic wmultipliers.

Impulses of positive polarity from the registers, proportional
with the amplitude measuremenets of aerosol particlas, act on the
signal commutator (KS) which affects on the analysis of the
corresponrding signsl from each register. Analysis and registra-
tion of data are carried out by means of a seven channel inte-
gral smplitude analrsator and an electro~directed printing
machine, Channel construction of analysators is uniform. Their
differentiation lies only in the number of discharges.

Inpulses entering amplifiers amplify and through the
cathode rspeater in the negative polarity get on sall seven
comparison schemes, sach of these having its own determined
level of echievement (srabativanya : working in harmony).

Levels are determined by the operamtor with the belp of (zadatchi-
ka ?) of supporting tensions (ZON) after receiving gradua-
ted curves of sll registers plugged into the system.

As the various types of registers, due to their parameter
dispersion forming their element have various functional depen-
dencies of amplitude of exit impulses from the size& (diameter)
of asrosocl particles U =ef(d), then to obtain uniform diameter
intervals of particles between the channels, it is necessary
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) to wve various levels of achievement for various registers.

! Therefere the (zadatchik) of supporting tensions plug in

f five 1level schemes ( according to the number of rezisters)
each of which consiygts of seven leveling chains, iasuring
smooth regulation of apparatus achievement regarding the
comparison of each channel; With the help of the commutator
of supporting tensions (XON) +‘hese chains are trans-plugged
in the process of work in a synchronic manner with the
trans-plugging of working registers.

. The level of achievement of eachsubsequent (next) channel
is higher than the levelof the previous one . At the time of
workinz out the scheme of comparison st its exit appears the
impulse of positive: polarity. From the exit of each cogparison
scheme impul'ses fall separately, each according to its channel,
where they are amplified, after which they are formulated by
the formulator (F) and fall into the electronic meter. Optical
indicators (0OI) are used for the visual control of channel
work.,

Readings of meters through double-tenth denumerator
(deshifrator) are registered in figures by using lamps of the
IN-1 type, and also by means of & step searchen-%?) = (shagovoy
iskatel!') (SB~1), four cathode repeaters (KP) and a diode-
relay deshifrator (decipharor ?), installed simultaneously in
a EYNM~-23 machime, and are written down on a paper tape in the
machine.

The master console (blok upravleniys) by means of the
analyser works out all necessary commands for the control
of the recording part of the system. Both by manual and automa-
tic control the time of measuring by one register consists of
three 'tycles : "measuring", "printing" and "indication".
After giving the command "print" the order of going through
of control commands is the same in both cases. On the chain
"print" plugs in the electroengine of the typewriter. Simulta-
neously with this on the chain "signal in-out® the entrances
of the channel amplifiers close by an electrmic key, so that
impulses on their entrance do not go throughe With the use of
a cam system and typewriter contacts on the chain "synchroni-
s sation" is carried out the control by means of (shagovoy
; iskatel' =? step searcher) and solenold printing. After
the printing of one line is given the command : "stop-print®.
At the end of the predetermined time, is given the command
"break" (sbros) as a result of which the indications of the
counters of all channels turn to zeroi a8 to the chain
"signal in-out™ the plug in of amplifiers open and the "measuring"
cycle begins. The time of the cyclefprint™ is constant and
equal to 7,5 sec. The time of "measuring™ cycle and "indica-
tion"™ may be regulated from O wup to 20 seconds.

WLEL TN riay €0 Lohor f

A control generator is used to chieck the registering parts
of the system prior to starting measuring.

Automation block insures the handling of all operations
by commutation of entry signels from the registers corresponding

- B




to each register of the thresholdi circult, realizes the
changing of the print color; sets in motion register motors

at the time of indication and the dialling of infomrmation and
unplugs them upon completion of setting; sets up the light
showing the number of the register plugged in at a given time.
Besides, iin the block circuit are foreseen manusl control by
way of step (shagovie) searchers, who plug over the outputs
for registers and threshold circuits, manual unplugging of

air blowers and cable signals of any reglster as well as
plugging over of color printing on any of the registers.

The system can work with any selected number of
reglisters from one to five. Upon obtaining of data and
registration of the last register, the circuit automatically
plugs in the first register.

Thus, the system works automatically during the: whols
experiment. The only thing required from the operator is to
Plug in the circuit when the fog forms and plug it off affer
its full dispersion.

BRIEF DESCRIPTION OF THE SEPARATE FARTS OF THE SYSTEM.
1 - Photoreceiver circuit.

The basic photoelectric devices used in the given system
consaist of threa functional circuits ¢

a) optical circuit for the formation of working light volumej.
b) the circuit (prososa) of amerosol through working light volume;

¢} photoreceiver for the transformation of dispersing particiles
from light pulses into electnic pulses.

The device 18 explained in detail in (1), therefore we
shall limit ourselves only on the schema of the photoreceiver,
inasmuch as it diffdrs .
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Pitc. 2. Goronpucmius  Photoreceiver

The photoregeiver (draw.2) includes a photoslectronia:
multiplier of the FEU-15\-type and a preamplifier with & cathode
repeater on 8 6N3P bulb (valve). The light current; diffused by
aerosol garticle, falls on FEU cathode . On the anale load FEU
agnes out the negative pulse of tension, the size of which upon
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resistance of the snode chain &and upon work on linear participa-
tion of 1light characteristic: FEU proportional to the square
diameter of particle.This square dependency lowers the dynamic
dispason of dimensions measured by devices. For the purpose of
widening the dispason in the anode chain FEU a nonlinear semi-
conductor resistance is plugged in. Chain parameters C1 - Rj-Ro
are selecterd for each register in relation to parameters of .
its elements (brightness of illuminator, character of the light
field, intermal sensitivity of F&U etc;$ and from the nec&bsary
diapason amplitude for the selected analyzers The output pulse
is removed from ' resistance Rg of the cathode repeater and by
(koskcual'nomu) cable of a lefigth going up to 50 m. from the
point of measurement is passed on to the laboratory for analysis. .

2 - CONTROL GENERATOR

The control generator is constructed according to the
disgram of a selfpropelled multivibrator on a 6N3P lamp (valve).
The duration of generating pulses 60 mksek. Frequency repetition
(modulation ?) near 3 kgtz) . Aplitude of output pulses of posi-
tive polarity is regulated by potentiometer Rg . The gensrator
is plugged in the input of the aplifier by connector P,

During the experiment the connector P is connected to the input
amplifier of the output cable with the signal commutator.
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3 - AMPLINIER end CATHODE REPEATER.,

The amplifier (draw.4) 1s put together accarding to the
usual plan of an amplifier on resistances on bulbs BN6P and 6DZ5SP
It has a stepped (1:2) regulation of amplification with the iaelp
of connector P and (plavmayas) reostat Rj . ‘

The link between the amplifier and the circuit of compéri-
son of the analyzer is done through the cathode repeater,

collected on the lamp 6N6P, of which both halfs are plugged in
in a parallel fashion. ‘

s4¢ draw. 4 attack ed




4 ~  COMPARISON CIRCUIT

- The .comparison circuit is in fact a balancing diodo-
regsnerative comparator, built on tremsistor and silicon
diodes. Comparator plan (draw.5) is made outi of comparison
circuit, comstructed on diodes I; snd Dp bloek
seneratér on PP1 (P16) transistor. and blocking
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The comparator works in the following manner. Before tansion
signal U, applied on input 1 reaches supporting level U,, diode
Do is open. Its current is determined by the tension sum o and
E and resistance Rq. The plugging in of winding II" of the
transformer is such that the blocking generator does mot function
(return connection is negative) . Diode Dy is closed off,

At the moment of comparison (Uc = Up) diode D3} opens and

closes the circuit of winding II'; this makes diod D2 to close
and the blocking-generator creates a short pulse, which is in
fact the output pulse of the comparator. Diode D2 remains
closed up to the time when the process of discharge of conden-
sator Cj 18 completed (the process of reinstating the original
condition of the comparator). The comparator will be sensitive
to the next pulse only afferthe reinstatement of the initial
condition.

Elements R2 Rz Ry and Cp form the usual circuit of the
temperature etabilisation of the yorking part of the transistor.
Diode D3 shunts the transformer and prevents (demfiruyet)
pulse excitation of waves in it. Elements D.; and Rs have
as purpose the restoration of constant composer (zero? - Collec~-
ting feeding Ex = -6 v is removed from the special divider
of stabilized tension «150 v in the analyzer. The setting of
level U, is set by potentiometers of the threshold circuits
in the (zadachnik) ol the threshold tensions , The sensitivity
of the comparator is no less than 20 mv. Pulses of the positive
polarity, from the comparators outputs fall on doublecascade
channel amplifiers.




5 = CHANNEL AMPLIFIER WITH OPTICAL INDICATOR (drw.6)

The channel amplifier is put together on a double tridde
EN3P and represents a doublecascade amplifier on resistances.
The positive pulss with the corresponding comparison circuit
enters on the net of the left hand side half of the valve.
From the right hand side half anode the amplified pulse of
the positive polarity supplies the (formirovatel').
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An optical indicator selected on valve SE1P is plugged in
to the leff anode of valve 6N3P. The optical indicator served
for visual control of comparators work and is used at the time

of installatibn of thresholds (srabativanys) with use of
control generator.
draw.6 draw.?

Channel amplifier with visual indicator. d

. (formirovatel')
~
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6 - { formirovatel')

on draw.? is
selected on

one half of valve 6N3P according to the circuit of the
braked (impeded) blocking-generator. On the input of the
formirovatel') from the channel amplifier is applied a pulse
with an amplitude ..of no less than 35 v. Gutput pulses
of the regative polarityare removed from the separate winding

of the transformer blocking-generator and fall (are applied)
on the input to the first decade of the meter.




7 = METER AND REGISTRATION ELEMENTS,

The accounting of formed pulses in the channels is carried
out in tens (decade), selected on valves 6N3P., Coef ficient of
the countlng, equal to ten, is obtained by introduction of édirect
Estraight) and obldaue 1link . To the left anodes of valves of
triggernikh yacheek) are plugged in deshifrators of figure
nuseral) indication and diodo-relay deshiffrator machine EUM 23
4 (drawing 8) . For this purpose a reverse double functioning, for
which to the sero state of triggers correspond high potentialis
on valve anodes (left hand side valves of triggers are closed).
Triggers are started with negative pulses of 30 + 50 v amplitude
and a front steepness not exceeding 1 mksek. The speed of
ten count is 200 kgc.

The decipheror of numeral indication is done on transistors
of the P26 type, into .which collector chains are plugred in
relays of the RES 22 type. A valve IN 1 is used fr the indicator
itself.

Diode-relaying decipher for print is set on D226 diodes
and type RKM 1 relays. Relay contacts commutate solenoid print.
Mechanical carriage return is replaced by an electric one.

8 -  CONTROL CONSOLE BY ANALYZER

Electric circuit of contrel console by analyzer allows to
maintain or set Mr the necessary time of exposition (selection of
information) using an electronic relay; the time of entire cycle
and handles the work of the printing zachine and other elements
of the analyzer. On the front penel of the block are located
the control elements of measuring time and indications, signal
switch and the switch to switch over the work regime zmunual or
asutomatic), knod of break of¢, knob for starting printing and
velves for signal indication, mezasuring and printing.

9 - AUTOMATION AND COMMUTATION ELEMENTS .

The basic circult of the automation block, of the signal
conmutator, of the (zadatchik problem setter) and of the
coamutator of supporting tensions is shown on draw., @ . As was
already indicated above, the circuit does all operations sutoma-
tically, this during the process of measuring the spectrum and
drop concentration during the lifespan of the srtificial cloud
this for any number of working registers st any given time.

Let us examine the jworking of the circuit during the
automatic cycle . If the measurineg is effectuated by all five
registers, then By and By are switched off, Bg +._Bq; are
on, and (pereklyuchatel') switches P1 « PS are set at
position %.
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The automatic cycle is set by relay P9 of the analyzer.
Feeding on winding of relay Pg 4is spplied during printing time.
At that moment, contact of relsy P? which is usually off is
switched on and the chain of winding on relay P8 is insured .
The capacity of C4 is charged through the normally closed
contact of relay P8 . At the end of printing (srabativayet)
relay Pg and the capezity Cy4 discharges through winding of
relay P» ., Through contacts of this reluy are given pulses

of tenslon on windings of stew searchers SHI 1 and SHI 2
which make one stcp « At tlat time, SHI 4 plugs in to the
input of the amplifier the signal cabls of the next register,
switches on the motor of its ajnvent and the corresponding
bulb signal on the deck. The step sesrcher SHI 2 switches
on the corresponding threshold c¢ircuit. During the time of
indication (t 2 sec;) a flow of serosol is established
through the capillar of the register. After this, the circuit
of the analyzer i  transfered tc fie selection of information
by electronic re’ .5 7 1 the contrci console Ly analyzer. Upon
termination of selection relay fin is worked off, removing
current from relay ' P8 winding. During this, the capacity

C4 1is transfrred to charge and feeding chain of the mojor
for the air blower is switcheé off. The entire cycls is
repeated with the next register.

Let us assume that the secondregister must be excluded.
To achieve this, it is necessary to switch off B2, syitch over
P2, put in position 2 and close off the switchoff B9 . As
this takes place on the corresponding lamel of the threshold
searchers is applied tension 24v , these through their contacts
Jump over the position corresponding to the excepted register
and immediately switch on to the next register (working register).

To render the work easier; one of the resiters' showings
are registered by a red light. The selection of the register
is performed by & galette switchover GF . The ecircuit of color
change of print works in the following masnner 3 through the
lamels of the stepped searcher SHI 1 corresponding to the
selected register and through the galette switchover; feeding
is provided for winding of relay P6. The capacity of €2, charged
up to tenslon 24v is plugged on to the electromagnet EM and is
discharged through its winding. The electromagnet moves the
tape leader and through it < a two color tape. The capacity of
C3 begins to get charged. Ugon completion of cycle for print,
relay P6 loses current (power) , switching the charged capacity
C3 to the electromaghet EM2, which changes the tape on to
another color,

On plan ( draw.9) are shown also the levelling chains for
all channels of the first register, Chain circuits fr the
remaining registers are analoious to those shown. The capacity
of CI and C5 are used for putting out the sparks in the contacts
of stepped searchers.
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CONCLUSION

Prolonged experimentation of the system in the laboratory
of expserimental installations of the Institute of applied geo-
physics branch indicated the efficiency of the system. A series
of experiments took place during that time with the purpose of
clarifying the possitilities of producing models of various
cloud processes in chesmbers. During the time of testing and
when the system was idle, a comparison of various models
applied in the system of photoelectric registers was studied.
The comparison indicated that diffferent registers give coinci-
dentul results just as much for the concentration of particles
of aserosol as fir the character of gpectrum distribution within
the limits of error for the given concentration .

Comparison of meteresological distance of visibility,
calculated out of spectrum measurements, with the distance of
visibility, measured by optical devices, partly by a ons
channel photometer of direct action and a laser, the length
of the ray wave which 1s loeated ir the visible ares of the
spectrum ; a satisfactory coincidence was also sh&wn.
Comparison of wave gize, calculated out of the shown system
with waves measured according to the Zaytzev system indicated
that the greatest diffference in the results of both systems
lies within the limits of 15 % .

RESULTS

1 - An sutomatic five point system for measuring concentration

and spectrum of concentration of fog drops, artificially
created in the experimental installations of the IAG branch:
has been studied, built and tested ; it also has been put into
exploitation .

2 Prolonged testing and comparison with other devices prove
reliability of results cbtained with the described system.

3 = The system can be used to carry out numerous experiments

in chambers needing to obtain a great deal of information
about spectrum distribution of fog drops according to size and
concentration in the entire volume of the chamber, which cannot
be done with isclated instruments .

Iu conclusion, authors express their sincere appreciation

to all laboratory workers who took part in the fulfilment of
tke given work.
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and size of for drops using the device "Aelita'
(this publication of selections)

3 = Volkovittzkii 0.A, - Korpleks eksperimental’nikh ustanovok
dlya geophysicheskikh jpsledovanii., Metereologiya i
gidrologya. NUe 6, vip. 7 1967

Complex of experimentul inskallaticns f®r geophysicel
research. Metereology wnd hyarology. No.6 1965

4 -  Laktionov A/G. Pribor dlya potocknogo avtomaticheizkogo
cpredelenya chastit¢hnikh kontsentratzii i ismererii
rasmerov tverdikh i zhidkikh aerosol’nikh chautits.

Sb. Iasledovaniya oblakov, osadkcy i grozovogo slectri-
chestva. Gydnnmeteoizdat L, 1957

Device for mass production autometis definition of
particle concentrations an- measuring of sizes of
hard and liquid aerosol particles.
Selection of researsh cn clouds, deposits (sediments):
and storm eleatricity. Hydrometeopublications L. 19

5 -« Ermoshina L.I. Smirnov V.V,
Primenenya potochnikh lovushek dlye zabora prob tumana
v kamerakh , Trudi IPG wvip 7 1967

Application of mass produced traps for (zabora)
tests of fog in chambers. Works of the IAP No.7 1967

6 ~ Laktionov A.G. Avtomaticheskii potochnii pribor
dlya issledovanyia estestvenikh asrosoley. Isv. AN USSR
ser; geoph. No. 11 1959

Automatic mass produced device for research on
natural aerosols. Academy of Sciences of the USSR publ.
gedphys. series No.11 1959
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Levine L.M. Starostina P.H. Chudaykin A.V.
Aerosol traps, used by the Elbruz expedition.
Selection Research on clouds, sediments and storm
electricity. Hydrometeopublications L. 1857

Aerosol'nye lovushki primenysemie v rabotakh
Elbrusskoy expeditzii. Sb. issledovaniya
oblakov, osadkov i grozovovo electrichestrva.

Gidrometeoizdat L. 1957

Levine L/M. 1Issledovanya po physike grubodispersnikh
aerosoley. Izd. AN SSSR 1961

Research on physics of coarsely dispersed aerosols.
Academy of Sciences of the USSR publicaton L. 1957

Mumanenko A.F. Primenenie metoda zaitzeva dlya
opredelenya vodnosti tumanov v kamerakh (see present

selection

Application of the Zaitsev method for determination
of fogs in chambers.,
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