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Changes in the Intensity of _Scjlar Radiation
during the Solar Eclipse of April 29, 1976

[. Apparatuses and Mcthod of Measuring the Changes in Solar
Radiation during the Eclipse of April 29, 1976

D N. Mishev A. Y. Stoimenov, A. H. Kroumov, S. T. Kovachev,
B. P. Simeonov, N. D. Pelova, T. K. Yanev

Introduction

The paper describes the apparatuses and methods worked out specially for the
purpose of obtaining data about the change in the solar radiation during the ec-
lipse of April 29, 1976. ;

The results were obtained on the istand of Santorini in Greece and in lhe
town of Stara Zagora in Bulgaria and are related to the slow changes in the in-
tensity of solar radiation, in the first case, and to the rapid changes in its spect-
ral composition at the maximum of the phase, in the second case.

Spectrometric Apparatuses

For investigating the slow changes in the intensity of the solar flux in the visible
and near-inirared region of the optic spectrum we used a device, worked out by
the Team on Remote Sensing at the Central Laboratory for Space Research, for
measuring the spectral reflective characteristics of natural formations ISOH-010.
The block diagram of the device is shown on Fig. 1. The optico-mechanical sys-
tem (OMS) provides for the discretization of the visible and near-infrared re-
gion of the light spectrum by means of 11 interference filters. The average semi-
width of the filters is 12 nm, with maxima at 413, 428, 443, 482, 513, 543, 596,
652, 710, 749 and 795 nm, respectively. The field of view of the optic input of
the system is 15°. A phototransistor operating with accumulation of the charges
has been used in the transformation of the light flux into electric signal. The
phototransistor is fed by a pulse generator (PG) and a forming device (FD),
which yield pulses of 2 ps durations and 450 Hz frequency of repetition. A se-
ries of pulses are obtained at the output of the FD, whose scope is proportional
to the intensity of the light flux. By the peak detector (PD) this series is trams-
formed into direct voltage measured by the pointer-type indreafor 1"
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A multi-channel scanning spectrophotometer was designed for the purpose
of investigating the rapid changes in the intensity of the solar flux. Its-block
diagram is shown on Fig. 2. The input optic equipment (IOE), projects the image
of the investigated object (the solar disk in this case) on the plane of the dispers.

—
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Fig. 2

ing device (DSD), at the output of which an optical spectrum is obtained with
geometric dimensions suitable for the phototransducer. The dispersing device
used is a volume phase hologram on diffractional grating, worked out at the
Central Laboratory for Optical Registration and Processing of Information at
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the Bulgarian Academy of Sciences. Its basic characteristics are: transmission
coefficient — 0.3; dispersion capacity — 1000 lines/mm; optical resolution —
2 nm; dimensions — 45x45x2 mm. The use of this grating considerably sim-
plifies the design of the spectrophotometer, reducing the loss of light and ruling
out the appearance of specters of a higher order and “ghosts”.

The block of the phototransducer  (PHD) is a linear discrete structure of
15 phototransistors type BPY 61-111 operating on a pattern of charge accumu-
lation. The design and operation pattern provide for discretization of the output
information in relation to the length of the light wave and for obtaining higher
sensitivity. The tofal resolution for each channel,-at 300-nm width of the optic
spectrum, is not below 20 nm. Within.the frameworks of the investigated spect-
ral range {rom 450 to 7560 nm, channel No. 1 records the region of 730 to 760 nm,
channel No. 2 — 710 to 730 nm, etc. The mean quadratic error of the entire tract
of the photoelectric conversion is below 1 per cent.

The output signal of the phototransducer has the shape of a comb function.
The forming circuit (FMC) rounds off the peak of the pulse, and this permits
the analogue-to-digital conversion in the first microsecond after the front.

The pattern oi charge accumulation is obtained by consecutive scanning
of the phototransistors with pulses obtained at the outputs of a 16-bit shift re-
gister (SRG). The sixteenth output forms a control signal “End of spectrum?.
In AMP the pulses from the shiit register are amplified for the purpose of obtain-
ing the necessary double amplitude of 10 V. The clock pulses for the shift re-
gister with repetition frequency of* 100 Hz are produced in the quartz square-
pulse generator (QGN) at a frequency of 100 KHz and demultiplied by 1000 —
DMP. The quariz stabilization is necessary for the accurate observance of the
scale of relative time. The same pulses also go into SGN, where strobe pulses
of duration 1 ps and repetition- frequency- of 100 Hz are formed. The rear front

of these putses fixes the moment of measuring the double amplitude of the output
signal.

Data Registration System

Underlying the system of registration for the data from the multi-channel
scanning spectrophotometer (MSS) in real time is an abridged configuration of
the 1ZOT-0310 minicomputer. The block diagram of the system and its connec-
tion with the spectrophotometer are shown on Fig. 3. Its standard part inclu-
des a central processor unit with 8K core memory, an operator’s board — te-
letype ASR-33 control unit, and a rapid punch-tape output — DZM 180.

For the purpose of connecting the system with the multichannel scanning
spectrophotometer and for converting the analogue information into digital
form, a fast analogue-to-digital converter (ADC) has been used, in addition to
a specially designed controller along the channel for programmed input/output
transfers. The ADC is of the successive approximation type coding with 1.2 mil-
lion conversions per second with 8-bit parallel binary code output.

The specialized controller receives from the spectrophotometer also control
signals along the Uy bus. Its programme control from the computer is realized
by a set of six specialized input-output instructions.

The automatic operation of the system in a mode of recording, the preli-
minary processing (compression) of the spectral information, and taking it on
punched tape in real time is done under the control of a specially worked out
programme. It is written in programme assembler’s language and occupies only
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7108 memory locations. The block diagram of the generalized algorithm of ope-
ration of the programme is shown on Fig. 4.

The synchronization of the recording process after the manual starting of
the complex takes place at a signal of ES — end of the successive spectrum, Each

A g ]
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Successive value (point) of the currently recorded spectrum (corresponding to
the light intensity for the successive band of the spectral range investigated)-
is compared with the value of the corresponding point’ from ‘the preceding spect--
(um, Any difference in the values greater than the one determined in advance.
e..g. the mean quadratic étror of the measurement and converting tract) is an
ndication for recording and for taking on punched tape the spectral information
for the entire. incoming spectrum. - ... . . )3 ST S

Puriching of the spectral information is done at the rapid punch-tape output
during the passage of the even spectra and continues during-the recording of the
subsequent (odd) spectrum. This makes it possible to put the data on-punched
tape without any need to change the reel during the entire measurement. Paral-
lel with that, each different spectriim is memorized also in the computer memqr’lyl,'
together with its serial number (a maximum of 375 full ‘spectra), thereby dupli-
cating the information punched for the sake of raising the reliability of the Sys-
tem of recording. “ - e ; s

Under this mode of operation the aggregate of hardware and software pos-
sesses the following major characteristics: it et e g

— Time resolution: 160 spectra/ms at 160 ms/channel;

— Number of spectra obtained: 6.95 spectrals, ‘or 375 spectra/min:

— Number of spectra recorded: 3.125 spectra/s, or 187.5 spectra/min;

— Number of spectra recorded: in the operative storage of the computer —
375 consecutive differing spectra; on punched tape - practically unlimited
number; '
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— Period of uninterrupted recording: practically over 4 hours. ;

The programme supervises the correct operation of the system during the
experiment, analysing the state of the flags of the control device for connection
between the specirophotometer and the computer and the number of consecu-

Registration point;
Comparison with the
precedinag one

Punch of point;
Record in MM

" FErfgr nmehsagos
Soentrum ko

regdairation

Spectrum skip
Punch of precua-

. dinp spectruin
points

Tig. 4

tively entering points of the spectrum. In case of an accidental error, indication
is given at the operator’s board (bell-ring) and the number of this spectrum is
memorized in a particular region of the storage. A constanfly recurring error
requires the intervention of the operator. The eycle of the programme is infi-
nite and it can be stopped manually from the operator’s board.



Cc;nditions of Measurement and Results

According to preliminary instructions, the measurements on the island of San-
torini in Greece were carried out at 15-min intervals, the duration of each mea-
surement (in the 11 spectral ranges) being not longer than 2 min. The measure-
ments embrace the interval from 10:00 h Eastern European time to 15:00 h both
on the day of the total annular solar eclipse on April 29, 1976, and on the days
of April 27 and 28. The atmospheric conditions on April 29 were ideal for such
investigations, whereas on April 27 and 28 there were light high-altitude clouds
and atmospheric haze.

In addition to the measurements of the direct solar radiation, records were
taken also of the spectral characteristics of the flux of diffusely scattered light.
For the purpose, following each measurement of the direct flux, the direction of

8oog |-

zs.&J§

v .7olﬁq =
éqpoi :
'éauo =
4008
3000

2000 | .

600

hoo 500 : 620 700 800 ,nm

Fig. 5

measurement was changed at an angle of 180° in-the horizontal plane, preserving
the angle in the vertical plane. Neutral filters were used at the input of the optic-
al equipment due to the high intensity of the light flux upon direct orientation
toward the Sun. The device was oriented immediately before each measurement..

In order to make a relative quantitative evaluation of the measurement
of the intensity of the light fluxes at the different phases of the eclipse, the va-

8



lues of the quantities measured upon using neutral filters have been reduced to
the values recorded without them in relative units. The intensity of a flux caus-
ing the maximum deflection of the indicator without the use of filier has beent
accepted as having 100 relative units.

All data obtained from the observations have been tabulated and prepared
for further processing. Figure 5 shows the change in the intensity of the direct
light flux depending on the time for the eleven spectral ranges investigated.

The measurements in Stara Zagora of the intensity of the direct light flux
during the partial (79%) annular solar eclipse were carried out in the interval
of 11:00 to 14:00 with average duration of 4 min and 10 successive meastrements.
Four of them were concentrated around the phase of theeclipse, and the measure-
ment during the phase continued for 10 min. Slight haze appeared during some
of the measurements, and one of them reacted to the trail of exhaust gases left
by some plane along the path of the light flux. The measurements envisaged at
the same time intervals during the following day, April 30, could not be carried
out on account of dense clouds and rain. The direction of the input optic device
of the multi-channel spectrophotometer was done by hand prior to each optic
or electronic measurement.

The data from the measurements were recorded on punched tape in real time
in eight-bit binary code. During the investigations, the automatic control of
the veracity of the information recorded and the subsequent comparison of the
punched tape from the direct recording and the dump of the region for data in
the memory after each recording, all showed the perfect working condition of
the apparatuses during their operation.

To provide visual presentation for the great volume of daia obtained, the
results from the punched tapes were printed in tapular form, and the values
of the intensity depending on the time were tabulated for cach channel in-
vestigated.

Conclusions

In the course of the investigation of the changes in the intensity of the solar ra-
diation during the solar eclipse, measurements were taken of both the main and
the rapid changes in the solar flux in the visible and near-infrared regiom of the
spectrum. The data obtained were processed by UZOT-0310 minicomputer, and
the results of that processing are contained in the article entitled “Statistical
Analysis of the Change in Solar Radiation during the Eclipse of April 29, 19767
which is published in the present issue.

The method worked out and the apparatuses designed provide for univer-
sal application and may be used in a number of studies — daily and seasonal
ofes — of the dynamics of the changes in solar radiation, of the diffuse scatier
of light in the atmosphere, and in other studies.

The results obtained and the experience accumulated point to a number of
changes and improvements which may be introduced in the design and opera-
tion of the complex. A portable variant of the systemisto be designed, involv-
ing the utilization of microprocessor modules and the introduction of new me-
thods of compression and of preliminary processing of the data obtained in
real time.



Vismenenne MHTEHCHBHOCTH COMHEUHORN paguanyun
BO BDEMsT COJHEUHOTO satmenus 29 anpeas 1976 r.

I. Aunapatypa n meron ans USMEDEHHS USMEHEHHH COMNEYHOH DAAMALHE BO
BPEMS. CONHEUHOrO 3atvennsi 29 anpeas 1976 r.

A. H. Muwes, A. H. Cmoumenos, A. X. Kpymos, C. T. Kosaues, B. [1. Cumeoros,
H. . Hewsa, T. K. Snes :

{(Peawwue

B paBore onucanm IKCIEPHMEHTH, npoBellenHble B [penun — ua ocrpoBe Can-
TOpHEH # B Bosrapum — B rop. Crapa-3aropa Mas wcenenoBanns: cofinednol panua-
HHK BO BpeMsi CoMHeTHOro satMenns 29 anpens 1976 r. [lawo I0EPCBHGe onACaHHe
HCNO/Ib3oBANION CTIeKTPANbHON anNapaTypsl ¥ CHCTEMbI PerucTpaunHt SpCTphX
COEKTPOB Ha Gase MuHu-IBM, ux HapameTphi K Jeficrue. [lpuBenenn ycnosug
HPOBENens SKCHePUMERTa U JaHa TNpeABapHUTENbHAS 06paboTKa ToMyHeRHBIX
pe3yJipraros.
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Changes in the Intensity of Solar Radiation
during the Solar Eclipse of April 29, 1976

[1. Statistical Analysis of the Changes in Solar Radiation during
the Eclipse of April 29, 1976 '

T. K. Yanev, N. D. Pelova, A. Y. Stoimenov, A. H. Kroumou,
S. T. Kovachev, D. N. Mishev

A statistical analysis has been made of the data obtained about the variations
in solar radiation during the eclipse of April 28, 1976. The resulis were obtained
on the island of Santorini in Greece and in the town of Stara Zagora in Bulga-
ria [1].

In the first case the information obiained was about the slow changes in
the intensity of solar radiation, while in the second case it was about the rapid
changes in the spectral composition of sclar radiation, mainly ai the maximum
of the eclipse phase.

The Istand of Sanforint

The data about the change of I(f) were obtained during relatively long inter-
vals of 10 to 30 min. The average value of /{f) for an inferval of 1-2 s was es-
tablished at each measurement [2].

The analysis of the data on I(f) shows that the ratio of two necighbouring
spectra in time is in many cases close to constant asregards the parameter wave-
length and with ¢ fixed, i. e. that two neighbouring spectra are in an approxi-
mately multiplicative ratio. This ratio should have been accurately multi-
plicative if theSun was a fully homogeneous source of radiation and if the tract
of propagation and registration did not contain any noise. Of course, the size
of this constant (it is a constant at fixed time and parameter — wavelength)
changes depending on time, both on account of the change in the inclination of
the Sun and on account of the covering of the Sun’s disk in the course of the
eclipse. ' :

pTable i contains the values of the ratios

BiLer =T (0 £ IO tig)
of the neighbouring in time recorded spectra of I{f, A). The variation coefficient
V, of the series obtained of Py has also been calculated. Under conditions
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of completely homogeneous source of light and of undisturbed transmission-
reception tract, the variation coefficient must be equal to zero, regardless ol
the movement of the Sun’s disk and of its being covered by the Moon'’s disk du-
ring the eclipse. These properties of Vg make it suitable for an integral assess-
ment of both phenomena, namely, inhomogeneity of the Sun and noise in the
transmission-reception tract. ' _

Table | shows that the variation coefficienis related to the phase of the ec-
lipse are the biggest and, at the same time, they are by one order bigger than
the other variation coefficients.

Stara Zagora

The main object of the investigation in the recording of the solar eclipse in Stara
Zagora were the rapid transitional processes in the intensily [{f) of the solar
radiation. Presented in this article are the processed data from the “phase” ol
the eclipse [2].

The dynamics of I(f) is characlerized by its first derivative in timne. In view
of the fact that the data are in a discrete form and the interval of discretization
is constant, an evaluation of the size of the first derivative may be obtained from
the neighbouring differences Alj, jp1=1—1+1, which have been further used in
investigating the changes of I(f).

The analysis of the neighbouring differences A; ;4 has shown the existence
of strong grouping (over 95%) for all channels in three intervals: for A; ;1
——9, 0 and 2 relative units (one such unit is equal to 40 mV). This does not
make it possible to apply correctly the «2-criterion for evaluating the degree of
proximity with normal distribution. Nevertheless, on the basis of considerations
for many, mutually independent, random and equal factors (each one of them
with a small contribution to the total dispersion) affecting the formation of Alj, j+1,
it may be assumed that in these intervals the distribution will be close to the
normal one. Under this assumption a check was made with the r-criterion for

gross deviations from AT [3):

2 (A1, 41—Ty?
e el

e —

r=1zﬂmax,mm—df|l S=
S n—1

All differences Al =4 relative units proved to be non-inherent to the assum-
ed normal distribution in the above three untervals. That is why these dif-
ferences are further on treated as bearers of the basic information about the dy-
namics of the transitional processes Al and are called supraliminal differences.

The supraliminal differences for all pairs of channels were investigated by
linear correlation and regression analysis (single correlation), provided in a gi-
ven pair of channels in the course of the eclipse phase there apperaed suprali-
minal differences of more than 4 times and simultaneously in both channels
of the examined pair of channels. The intensity in the channel bearing a smaller
number was accepted as the x argument. The coefficient of linear correlation r,
the regression coefficients of the model, and Fisher's F-criterion for adequacy
of the linear model were calculated.

The analysis indicates that the correlation between the supraliminal dif-
ferences is comparatively poor, with the exception of the following pairs of chan-
nels: 6-11, 6-12, 813, and 8-13, for which 7>0.70 and F> F, at a confidence le-
vel of p<0.05.
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Tabie 2

Supraliminal Differences for Groups of Three Channels for Which the Common Coeffictent
of Correlation is R>070 :

Sp. | Sp.
Channel | Ch
1269 | 1290 | 1639 73 | sm | 1000 1365 ‘ 1394
VI BT B S LA VI [ —16 8 -8 —44 44
XI —8 8 6 IX — 4 4 4 116 —116
XII 4 | —10]| 4 I X1 ‘ -- 6 4 —8 24 24
5 | . e  —
Channel
an | s | o7 | s 1072 e | 133 1365 | 1s9s ] 1444
Vin 4 8 —16 8 —8 —8 — 4 —d44 ] 44 4
Xl 4 12 — B 12 —8 4 —4 28 —26 26
Xi! & 8 — B 4 4 —6 -—4 —24 24 —26
Sp. Sp. |
Channel Channel
73 | 82 | 136 | 1444 a1 | 73 | sw 1665 | 134
VI —16 8 —44 4 IX 116 | —4 4 166 —166
X — 6 12 26 26 XII —24 | —6 12 24 — 26
Xiv — 6 4 | —32 | —34 X1l 4| —6 4 —24 24
Sp. i Sp.
Channel Channel
s 46 | 788 | a2 | 160 | 1365 | 1444 1454 1269
Xir —24 4 —6 12 —6 26 26 —28 VI —4
XIII 4 6 —6 4 —6 | —24 | —926 24 X1 4
XIV 6 4 —6 4 —4 | —32 | —34 8 X —6 |

One characteristic feature is that the synchronous appearance of suprali-
rainal differences in a given pair of channels is divided by irregular and long time
intervals.

Table 2 coniains the combinations of each three out of all channels in which
there is simullaneous appearance of supraliminal differences connected with a2
single correlation coefficient r>0.70.

Conclusion

The principal results from the analysis of the data about the solar eclipse of April
29, 1976, may be formulated as follows:

Island of Santorini

Since on the island of Santorini the eclipse was annular during the phase (96%)
and the observations of the Sun’s disk were carried out in clear weather, it may
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he assumed that the large values of the variation coefficient V; during the phase
are due in the first place to inhomogeneity in the visible part of the Sun (about
4 per cent of the full disk). The contribution of the error of the measurement de-
vice for raising the variation coefficient is inessential because the maximum er-
ror of the apparatus used is about 1 per cent.

The variation coefficient is independent of the constant of the neutral fil-
ters. That is why, neutral filters of unknown constant may be used for obtaining
primary information about the intensity of the solar radiation (the constant is
eancelled in the expression for V).

The Town of Stara Zagora

The -distribution of the neighbouring differences Al ;. in all channels is ex
pressed unimodally by an arithmetical mean almost equal to zefo and by inci-
dental supraliminal differences of various magnitude. This shows that there is
no predominant manner in which the rapid transitional processes I{f) take place
during the observed phase of the eclipse.

The linear correlation among the values of the supraliminal differences
is poor, with the exception of several pairs of channels for which r>0.70 and
F>F, at a confidence level of p<0.05.

In channels 8 to 13 there exists a marked tendency toward simultaneous
appearance of the supraliminal differences [2].
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B nepsom cayuae cuumanace HudiOpMAUKA O MEIEHHBIX H3MEHEHMSX COJ-
HEUHOH PajHallMK, 4 BO BIOPOM — OLICEDBIE MBMEHEHHS 1O CHEXTPY, B OCHOBHOM
BC BpeMS MAaKCHMyMa ashl 3aTMeHHS, _ | ! bz o

AHBNNS MeLJIEHHBIX H3MEHEHHH NPOBOMMNCS C, HCCASHOBAHHEM OTHOHIEHMI
1 pnst cocennux BO BpemeHH CHEKTPOB, a OHICTPblE HAMEHEHNHS — PasHOCTAMH CO-
CeJIHHX CNEKTPOB. :

- OcHoBgble DesyJbTalhi NPOBEJEHHOTO AHANH3A: ; _

— HaOJIONAIOTCs SHAUHTEALHBIE DO aMIVIHIYAE MeIJSHHBIC HIMEHOHMS Hil-
TEHCHBHOCTH CORHEYHOH pajinaundy Bo Bpemst (asB 3ATMEHHS, KOTOPHE MOMHO
O0BACHHTL HEFOMOTEHHOCTHIO BUAUMOR BO Bpemst (hasbl YaCTH CONHEUHOrs AMCKA.

— OblcTpeie HameHeHMs (NEPCXOKHBIE IPOLCCCH) He CONPOBOMAAIOTCH KaKHUM-
MG TPEBaHPYIONIEM BHJOM 3AKOHOMEDHOCTH BO BpeMenw. '
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lon and Electron Analysis in Retarding Electric
Field for lonospheric Studies

Performed with the Intercosmos-8
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K. I. Gringaus, G. L. Gdalevich, V. F. Gubskiy,
K. B. Serafimov, S. K. Chapkunov

Intreduction

The Intercosmos-8 satellite was launched on Decernber 1, 1972. Experiments on
this satellite were a continuation of the ioncspheric studies initiated by the
Intercosmos-2 satellite [}-4] and by the geophysical rockets Vertical-1 and
Vertical-2. :

Specialists from Bulgaria, the German Democratic Republic, USSR and
Czechoslovakia took part in the study.

The initial orbital parameters of Intercosmos-8 were the following: apogee —
679 km, perigee — 214 km, inclination — 71°, and period — 93.2 mm.

The following measurements were carried otit: :

1. Positive ion density.

2, Electron temperature.

3. Electron density and temperature. _

4. Intergal electron density between the satellite and the ground-based
radio-receiving stations. '

5. Electron fluxes with 40 keV and protons with 1 MeV of energy.

The following scientific equipment was instalied on the satellite:

__ Sensors of the instruments for ionospheric parameter measurements;
semiconducting and gas-discharge counters for high-energy electrons and pro-
tons {USSR). ' 4

_Instrument for plasma parameter measurements with the help of ion traps
and Langmuir probe (Bulgaria). :

— “Mayak” radio-emitter and intermediate device for the registration of
the Langmuir probe data in the satellite memory {GDR}.

— Instrument for measurements of eleciron temperature with a high-fre-
quency probe (Czechoslovakia).

2 KoCcMHUECKE HICHEARANHA, HH. 2 17



Specialists from Bulgaria, the German Democratic Republic and Czecho-
slovakia took part in the technological and launch tests of the above items- of
equipment. They also took part in the satellite launch. AL KPR 2

The experimental data obtained as a result of the measurements carried
out on the satellite with the scientific equipment were processed as follows:
from the ion traps — in Bulgaria and in the USSR; from the Langmuir probe —
in Bulgaria and in the USSR, from the high-frequency probe in Czechoslo-
vakia and in the USSR.

Information on the Soviet-Bulgarian
Probe Experimeni with Intercosmos-8

The choice was a satellite with chemical battery, for carrying out the experiments
listed above. The purpose was to reduce to the minimum the medium deforma-
tion caused by the satellite during the probe measurements, The currents of the
solar batteries were apt to generate magnetic fields, despite the precautions ta-
ken. Their influcnce on the measurements of the cold ionospheric plasma local
parameters is difficult {o be accounted for,

Fig. 1. General view of the Infercosmos-8 saieliite
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Fig. 2. View of {te Intercosmos-§ ion traps

The satellite did not have an orientation system, but it was provided with
equipment ensuring the determinatien of its direction with respect to the mag-
netic field and the Sun (Fig. 1). As the satellite was not oriented, the ion traps
were spherical in shape, which ensured the minimum dependence of the measure-
ment results on the probe orientation. The iron traps were mounted on booms
diametrally opposed to one another, so that at any motent one of them could
be out of the rarefied zone which was formed in the direction opposite to the sa-
tellite velocity vector. The Langmuir probe was mounted on the central cross-
section plane of the satellite, perpendicular to the two traps. _

The spherical ion traps are the first instruments with which the successful
ionospheric study by direct probe techniques had begun and the first distribu-
tion of the ionospheric charged particle concentrations had been obtained [6].
Since then, spherical ion traps have been applied on a numbcer of occasions for
fonospheric measurements in the Soviet Union and in other countries.

The traps used on Intercosmos-8 (Fig. 2) were 60 mm in diameter and were
mounted on booms 500 mm in length, so as to be out of the layer with the bulk elect-
ric charge which surrounded the satellite. The collector of each trap was 20 mm
in diameter and was enveloped in an anti-photoelectronic grid 26 mm in dia-
meter. A potential of — 100 V with respect o the satellite body was applied
to the grids. Isolated voltage of —80 V with respect to the amplifier inputs (see
[5]) was applied to the collectors for full ion collection in the internal space of
the traps. 2 :

A linearly changing voltage, varying from —o V to 415 V for 6 s with res-
pect to the salellite, was applied to the outer grids of the traps. Much like in the
case described in [L], this voliage was applied in turns to the outer envelopes.

The currents measured were commutated in turns to the input of the same
amplifier [7], in order io reduce the indeterminateness introduced by the drift
of the different DC. amplifiers, and also lo reduce the energy source, the weight
and the number of the lelemectric channels necessary for data broadcasting.

The determination of the positive ion density was accomplished by the tech-
nique suggested in [6], i. e. along the slope of the vol{-ampere curve..
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Fig. 3. View of Lo Intercosinps.§ Langmuir probe

As in [4], the electron density and the temperature were -measured by the
method of the Langmuir probe. Only one cylindrical Langmuir probe was mount-
ed on the Intercosmos-8 satellite (Fig. 8). The probe was detached from the sa-
tellite body by a boom 500 mm long.

The probe (Fig. 3) was 6 mm in diameter and 20 mm long, and it was position-
ed between two protective sections. The overall length of the probe and of
the \Brotective sections was 110 mm. The probe voltage varied from— 1V to
-4 V in 1 s,

Unlike in the case of the Intercosmos-2 experiment, the present measure-
ments of the electron temperature and density, made with the Langmuir probe
were carried out not only during the direct radiotelemetric connection with
the ground-based receiving stations, i. e. in the zones of the direct visibility
of the satellite, but also out of the limits of these stations.

By means of the satellite memory device the Langmuir probe operated in
memory-regime, and this made it possible fo retain the measurement results
during the full satellite turn around the Earth, followed by informational emis-
sion effected by the telemetric communication line.

The ion trap data were also recorded during the satellite flight out of the
visibility zone of the receiving radiotelemetric station.

Brief Characteristics of the Recorded Information

The operation of the satellite equipment continued for almost two months,
and during that time it was possible to have a number of direct radio-communi-
cation searces, as well as reproduction of the information kept by the memory
device during the full satellite turns of the Farth.

The results from the probe measurements of the local parameters i (or a;)
close to the satellite, together with the data from the ground observations on
coherent radiowaves, can be used for the determination of the vertical distriby-
tion N (k) up to the satellite altitudes. Records of the volt-ampere characteris-
tics are given below.

The records of the telemetric control on the saw-tooih voltage applied to
the trap envelopes, as well as the volt-ampere characteristics of the iron traps,
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are shown on Fig. 4. During the first six seconds we recorded the collector cur-
rent of the trap, to the outer envelope of which a linearly changing voltage was
applied, and the envelope of the other trap was simultaneously provided with
a potential of —5V with respect to the satellite body. The second trap operated
during the following 6 seconds, and the outer grid of the first trap was provid-
ed with a potential of —5 V. In this manner we can see both spherical traps in
operation on the same record, and this facilitates the processing of the results
of the experiment. _

Figure 5 shows records of the telemetric control of the saw-tooth vollage
which is applied to the collector and of the protective electrodes of the Lang-
muir cylindrical probe, as well as a record of the volt-ampere characterisiics
of this probe under conditions of direct data transmission.

Records of the telemetric control of the lineariy changing voltage, and volt-
ampere characteristics of the Langmuir probe are shown in memory regime onl

Fig. 6. The saw-tooth voltage generator (8] is conirolied under these conditions

Fig. 5. Langmuir probe records in real lime lelemelry
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Fig. 6. Langmuir probe ielemetric records in the memory resime

by the intermediate device, so that the scanning gencrated for 1 s and the corres-
ponding volt-ampere charact ristic is recorded, while during the following §
seconds the “enlarged” characteristic is reproduced. _ :

The Bulgarian equipment used in taking the above measurements is des-
cribed in detail in [5].
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VceneloBaHHE CTPYKTYDHBIX Napamerpos noHocdhepsl MeTOAOM
aHajin3a HOHCB K 3JIEKTPCHOB

B 3aMKMpPAIONIEM 3/IEKTPHUECKOM TIOJE, .

IPOBeJIeHHOe TIPH [OMOLLY NC3 ,Harepxocmoc-8°

K. H. I'puneaya, I'. JI. I'daresus, B. &. Tybexud,
K. B. Cepapumoe, C. K. Hankoitios

(FPeawnel

Bxpartie nepedncliclbl SKCNEPHMENTL [T pealusHpyIomne HX annaparypsl, BKIIO-
yeHHLIX B COCTAB CIYTHHKA .,I/imep1<ocmoc-8".

 PAcCMOTPEeHBE SOHACBEIE IKCIEPHMEHTBI 1A HCCJACA0BAHMS 3JIEKTPOHHON KOH-
UEHTPALMK ¥ SNEKTDOHHOH TEMIEPATYphl, Peaju3yeMble ¢ TOMOLUBIO LHJAHHIAPH-
yeckoro 3cHAg JicHrMoopa, B AJin HCCAeloBaHHA HOHHO! KOHIEHTpaluii H HOHHOM
TemnepaTypel (B ONpeAencHHbIX rpapuiax) C MOMOUIBIO TPEXINEKTPOLHDIX cepu-
YeCKHX HOHHBIX JOBYILEK.

[loxasaHbl XapakTepHbie PeruCrporpaMybl HCCJICAYEMbIX napamMeTpoB, [o-
AYYeHHBIX [0 TeJeMeTPHHECKHM KanasiaM, o6CTy KU BATOLLHM COBETCKO-00JIrapCKHit
30nfOBbIH SKcmepuMenT. BkpaTue paccMOTPEHbl HEKOTOPLIE 0coGeHHOCTH TeJle-
MeTpHUCCKof 3aliMCH B 9TCM [1ePBOM KOCMHUECKOM skcnepuvenTe ¢ yyactuem LleH-
TpaibHoi AafopaTopHH KOCMHMUECKHX yeclieioBanuil DosarapcKoll axaneMult Hayk.
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Introduction

It is known that there is a large number of physico-chemical processes which
bring the different atmospheric components into a state of excitation. A consi-
derable part of the day airglow is emitted as a result of pholoionizational exci-
tation. For instance, the photoionization of the oxygen molecule can bring to
excitation one or two oxygen atoms:

(1) Oz+4 (from Sun)—>0*-+-0O,

The atomic and molecular excifation of the upper atmosphere can also be
provoked by collisions with the precipitating particles from the magnetosphere
in a reaction of the following type:

© Ote—> O*te,

The electren in the left part of the expression (2) possesses energy slightly
superior fo the thermal energy of the electrons in the ionospheric plasma. The
atomic or molecular excitaticn level depends on the electron or proton energy
as well as on the cross-section of the interactions.

The ionospheric subthermal electrons, the so-called pholoelectrons obtain-
ed during the photoicnizaticnal process, can also take part in reaction (2)
during the day (E- and F-regions).

Particularly important is the contribution by the recombination aerono-
mical reactions, primarily by the so-called reactions of dissociative recombina-
tions of the molecular ions in the irradiational ionospheric processes. The main
reactions of that type are:

(3) OF4+e > O0*40 (O
{4) NO* +e - O*1LO up(NO+)
(5) Ni4+e > NN ap(N2)

These reactions are of an order of 10-7 cm3s -1 [1, 2] and their velocity con-
stanits are written at the right-hand side of the expressions,
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Reactions (3), (4) and (5) operate diurnally and they play a particularly im-
portant role during the night, when there is no ionizing source. That is
how the concentrations of electrons and of molecular ions are delermined by these
reactions. The quick disappearance of the molecular ions during the night is
compensated on account ol the ion-exchange reaction of the following type:

(8) O++0, -»OF 40 velocity of K, according to [3].

In the ionosphere the aeroncmical reaclicns of type (7) are around fifty in
dumber or more. A teview of these reactions in the ionosphere is offered in
greater detail in [1-6] and in some other papers.

The examples given until now refer predominantly to the oxygen atoms and
molecules, because they play the most important role in the F-region.

The irradiation of the atmospheric components can be obtained by the
re-emission of some lines and bands of the solar light. This phenomenon takes
place mainly during the twilight but essentially it has no considerable effect on
the airglow processes of the upper atmosphere.

It could safely be maintained that the airglow emissions from the aurora and
from the upper aimospheric layers above the middle, low and equatorial lati-
tudes are practically the same. The difference lies mainly in the infensity and
in the fact that the polar emissions operate according to reaction (2), while at
other latitudes reactions (1), (8), (4), (6) and (6) are valid. The theory of air-
glow emissions through the aurora and upper atmosphere can be found in [1].

Notwithstanding the fact that considerable progress has been made in the study

of the upper atmosphere airglow and that there are many publications on this
problem which show the connection between ionospheric processes and airglow,
there is still no unanimous opinion on the nature of these connections. This is
due mainly to the fact that until now the airglow emissions have been studied
1 an isolated manner. In such an eminent publication on atmospheric emissions
s [1], these connections are treated mainly as being statistical in character,
while one of the latest monographs published in 1975 on the ionosphere [7] con-
tents itself with the deseription of the airglow-ionospheric connections obtained
during the 1960s. ;

The purpose of this paper is to describe the first measurement results from
the ajrglow emissions of the upper atmosphere carried out in Cuba and to show
the connection existing between some of them and the ionospheric parameters
measured there.

Selection of Measuring Emissions,
Measuring Techaniques and Equipment

In order to study the ccnnecticns between the airglow emissicns of the upper
atmosphere and the ionospheric parameters, the best way is to choose emissions
from the E- and F-layers. This is determined mainly by the presence of a rela-
tively small number of atmospheric components and by the absence of complex
molecular ions (e. g. negative ones). Furthermore, in order to reveal the physic-
al connection of these parameters it is most convenient fo choose the emission
lines because, as it will be seen later on, they are best suited to photoelectric
measutemerits. .

The following emissions were selected for the purpose: First is the red oxy-
gen line with 2 6300 A of longitude (in fact this is the doublel $300-6364). This
Tine is emitted in the F-region. Second is the green oxygen line A 6577 A Ttis
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emitfed mainly in the E-region {80-120 km), though about 15-20 per cent of
its intensity is emitted in the F-region [8]. The third is one of the lines of the

first negative system of the Ny* molecule. Iis longitude is 4278 A, The negative

system is excited only by direct particle precipitation, and this provokes simul-
taneous ionization and excitation. Therefore, when controlling the emission,
we can study the precipitation particle effects on the upper atmosphere.

In order to establish the quick variations of these emissions, which is par-
ticularly important for the phasic processes in the ionosphere, we have selected
the two-filter photoelectric method, As we know, electrophotometry enables us
to obtain a very high temporal resolution and, on the other hand, the sensiti-
vity of this technique greatly exceeds that of the photographic method.

The two-filter technique has been chosen for the following considerations:
The latitude of each one of the selected emissions is of the order of 10-2 A (at
normal ifonospheric temperatures). There exists no filter with such resolution.
The filters used in the equipment have a half-latitude of 50 A. Therefore, each
filter together with the emission is also pervious by the spectral phone. We used

Fig. 1

a second filter in order to isolate the photte, and by that filter we measiired the
phone close to the emission.

The electrophotometer used for the observations consisted of an optical
system (fnl! angle — 109, a disk with interference filters, and a photoreceiver —
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photomultiplier FEU-79. The principle blocks are shown on Fig. 1. Besides the -
six photofilters, there were two more positions on the disk-—one for the measure-
ments of the dark current and another one for mounting the photostandard for
the purpose .of continuous control over the sensitivity of the equipment., The
disk with the photofilters was rotated by a motor provided with reduction gear.
More detailed information about the equipment used can be found in [9], and
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A

# . pending on the_time, is shown in Fig. 2 (green and blue lines) and in Fig. 3 {red

greater details on the electron blocks are to be found in [10]. The technique of
information processing is described in i4].

Measurement Results

In Cuba, the first observations on atmospheric emissions were carried out during
the nights of November 3-4, 1975, from the area of the Institute of Geophysics
and Astronomy of the Cuban Academy of Sciences. Similar observations were
performed during the subsequent three nights. Tt is necessary to have in mind
the specific requirements on the atmospheric conditions during such kinds of
observations. In the first place, the atmospheric transparency must be very
high and stable, without any clouds or scattered light. The obesrvations can
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Designations as in Fig. 2
r

be effected at lunar phase smaller than 0.5, though the best siluation is about

the new moon period.
., The behaviour of the intensity of the measured atmospheric emissions, de-
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line). The threshold sensitivity of the equipment for all three lines is of the or-
der of 4-5 R, The relative error of the measurcments is 5 per cent and the tempo-
ral resolution is 6-7 min {i. e. two neighbouring values are divided by an in-
terval of 6-7 min for one emission).

The behaviour of the green emission which had been observed for four nights
did not differ distinctly from the measurements of this line at midlatitudes —
ci. [1, 4, 8, 11]. The emission intensity changed within the range of 190-400 R,
which was the normal limit for disturbed conditions. Quick intensity fluctua-
tions were typical here, as in the case of the midlatitudes. This was explained by
the fact that the red emission was irradiated in the E-region in the range of 80-120
km at a reaction of the following iype:

(7) O+0+0—-+0,+0(D).

This reaction, initially suggested by Chapman, is known as the triple col-
lision. Therefore, oxygen concentration fluctuations {atmospheric density) can
strongly influence the intensity of the emission. 1t is also well known that strong
atmospheric turbulence takes place in the region of 100-120 km.

It was interesting to follow the behaviour of the 4270 A emission during
the nights already mentioned (Fig. 2). It can be seen that the intensity of this
line changed within a narrow range of 3-4 R. As we have already observed (Sec-
tion 2), the threshold sensitivity of the equipment was of the orderof4-5 R, and
the measurement error was about 5 per cent. Therefore, we can assume with
certainty that there was no emission of the 4978 A line during these nights, i. e.
no particle precipitation had taken place. The increase of theorder of 7R record-
ed at 01:30 was probably due to the pass of a star source through the angle field
of the apparatus.

The behaviour of the red line will be examined further omn.

Correlation between the Irradiation
of the Red Oxygen Emission and
Some Parameters of the F-Region

It has been shown by D. Barbier [12] that between /.F and and A'F para-
meters of the night F-region and the irradiation of the red oxygen line there exists
a definite relation of the following type:

® Toaan=K(oF)® exp(— 520 +C,

where foF is the critical irequency and A'F is the operative height of the F-
region, while H is the scale height. K and C are two constants determined for
each stalion separately during simultaneous jonospheric and optical observa-
tions.

On the basis of a more up-to-date theory of the region, Serafimov and Go-
goshev worked out a new formula in 1972 which is similar to (8), with the empi-
rical constant K of formula (8) now being the following:

(9} K=1.24>10% . R,[0q) 00 .

where K,—=4.10-" cm®~! [3, 6] is the rate constant of exchange reaction {6} ..
and [O,]s is the molecular oxygen density at 200 km level.

Other publications (e. g. [13, 14]) show the use of the N, (A} profile lor the
calenlation of the red emission theoretical profite. _

29



Figure 4 shows the behaviour of the % 6300 A line intensity (by observaticns)
for the nig ht of November 3-4, 1975, and also the behaviour of foF and h'F by
observations at the San Jose ionospheric station. Since November 3rd was a mag-
netically quiet day as regards the solar activity (see Table 1), coefficients K and €

ey
1_*”]“
e =
100 |-

80 |

w2 2L 22 B M b1tz g3 g4 05 05
- Local time
Fig. 4
f — Iz experimental (Navember 3-4, 1975, Hava na) 2 — Tasoe theoretical

were calculated, havihg the following values: K=1.96 and C=60 R by the
correlation function

(0) L o= f{(foF)? exp (- ZEZ20)]

After that, using formula (8), the theorerical intensities of the red emission wele
calculated as shown on Fig. 4. :

It sheuld be borne in mind that, on account of the clouds, the apparatus
hed to be switched off several times (see interval 21:30-22:30; 22:30-22:45;
22:45-23:20). Theoretical-to-experimental data scatter appears during the night
and immediately before the morning hours. There was good agreement between
{hecry and practice during the 23:00-04:30 interval, In fact, as shown in [15],
formula (8) and the other similar formulas give the rate of the ionospheric re-
ccmbinaticn, Therefore, Fig. 4 can be interpreted in the following manner: the
red emissicn increase which begins at about 01:00 is due only to the dissocia-
tive recembinaticn increase given by fermula (3). But it is still difficult to suggest
the reascns for that increase. .

Befcre examining the emission behaviour during the other days, we shall
examine the solar and geomagnetic activity: levels for one period of observa-
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tion. Data irom solar observations were obtained at the Observatory of the In-
stitute of Geophysics and Astronomy of the Cuban Academy of Sciences, with
the exception of the radioemissicn in the range of 10 cm — Boulder. They are
givenn in Table 1.

Table 1
. | | |
November 1 2 3 ‘| 4 3 6 ‘ i 8 ] ‘ 10
o o 3 | - -
Radioemission 2 cmi 515 | 518 | BT l 51¢ | 523 | 5256 | 525 ‘ 526 | 524 | 522
Radicemission 4 cm 149 156 151 154 167 159 159 | 159 156 15%
Radicemission 10 cm 72 73 74 ‘ 77 80 | 82| 8 83 80 | 80

The radicemission data are given in 1072 w/m® iz unils.

According to the dala obtained, the firsl days of November were guicter.
Over a period of three days — from the 1st to the 3rd November, the radicemis-
sion increased from 72 to 74 units. On the 4th day it had already risen to 77, and on
the 5th day it rose fo 80, remaining constant on the 6th and 7ih davs. The inten-

1,R A ;
160 e e
" JN k=20 c=b0
149 1
! i %

20 21 2F2 253 g0 a1 n: 23 ) Uy uh
Lacal tige
Fig. &

t — experimenial; 2 — theoretical

sity decreased after the 8th day, The magnetic data show {hat a :Ilnagnet;"lé dis-
turharice had set in on the second day and that iis maximum;appeated about the
4th to the bth November. ' ¥ IFTFET ORI PSP 1 SIEN
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Resuliing from the increase in solar and geomagnetic activity, there appear-
ed a gradual intensity increase of the red emission, as can be seen in Figs. 4
and 5. Thus the minimum night intensity on the 3rd and 4th November was
already of the order of 60 R. On November 4-5 it became of the order of 80 R,
and on November 5-6 it rose to more than 90 R.

A bright star source crossed the zemith about 23:45 and 01:30 of the first
night, and this resulted in an intensity increase. The disturbance of the pealk
during the other nights 4-5 minutes earlier than during the first night confirms
the fact that it was really a star source.

In addition to the intensity increase, which was probably due to the solar
activity increase, we examined yet another important detail. This was the scat-
ter between the experimental and the theoretical data for November 4-5 and
5-6, when in calculating them we used the same constants as for the November
3-4, namely, K=1.96 and C=60 R. This phenomenon probably has a bearing
on the negative ionospheric disturbance during that time — probably the re-
sult of the geomagnetic storm. This was immediately {o be observed in the night
drop of the critical frequencies.

As it is known, one of the suggestions made for explaining such a drop is
the redisiribution of the eleciron density in height, which cannot possibly be
controlled by vertical sounding. In this manner the electrons over the maximurm
of the F-region can contribute considerably to the irradiation, which is still
uncontrollable,

In all probability, at this point the thermal excitation source G (ID) by reac-
tion (2) already begins operating, but because of the unavailability of data on
the ionospheric temperature at that time it is difficult to express a positive opi-
niofl on this problein.

Nevertheless, we can still consider one more source for the increase of A
6300 A. Let us examine expression (9). As we know, the upper atmospheric den-
sity in the F-region increases by one order during solar and geomagnetic acti-
vity, the increase being by several orders at higher levels (cf. for instance the
review in [7]), Let us then have an increasc of K in the theoretical calculation
I4309 by formula (8) so that the theoretical data would best agree with the expe-
riment. The best agreement is obtained at X=20. This means that we have aug-
mented K by one order. If we now look at formula (S) and assume that the coef-
ficient K, cannot be augmented to such a magnitude, which follows from the
temperature dependence of thal coefficient, there remains only the considerable
increase of [Olane. More precisely, we should say that the product [K2]-Cagou
has increased by one order of magnitude.

Finally, we would like to mention that this was one of the probabilities
given above.

Conclusions

1, The first observations of the atmospheric emissions in Cuba and their compa-
rison with the midlatitudinal observations — e. g. those in|l, 3, 4, 8, 11, 12] —
have shown that the behaviour of some of the emissions was the same, ¢. g. the
green and the blue emissions, while in the case of the red one there were definite
differences,

2. In Cuba, the red ernission, which represents the rate of the night recom-
bination process, shows a definite increase after midnight. This results from
the dissociative recombinational increase in the F-region. These processes are
probably related fo the increase of the critical frequencies f,F after midnight,
as described in [17}, but their physical mechanism is still unclarified.
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3. The first night observations of the 4278 A emission, though only for three
nights during a disturbed period (the maximum K index at that time was K=4),
showed no remarkable particle precipitation. In any case, if we use the techni-
que given in [18, 19] and keep into consideration the fact thet the intensity of
% 4978 A was close to zero, we are entitled to maintain that the upper boundary
of the precipitated electron flux, i such does exist, is below 2 x 10~%erg/cm® s.

-+ The authors express their gratitude to Professer Kiril Serafinmov, Directer of the Cent-
tal Laboratory for Space Research in Sofia, and to Dr. Rosancdo Alvarez, Direcler of the
Institute of Geophysics and Astronomy in. Havana, for lhe all-rcund help rendered by them
during the organization of these observations in Cuba.
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TlepBbie De3YJLTaTHl M3MEPEHHs ONTUHECKHX oMHUCCHE HOHOCDHEPHL,
nposenentoro nHa Ky6e

M. M. Focowes, CAK . Yanxuiros, X. C. Fonsusec,
J. Hasacuo, K. Xua

(Peawowme)

B BBejJleHHH PACCMOTPEHbI (PUaHUeCKHe OCHOBL CYIIECTBOBAKUS ONTHYECKHX 3IMUC-
cuil nonocdepsl. Buumanue yJIesieHo (OTOHOHHSHPYIOUMM [Iponeccam B RHEBHBIX
ycsioBusiX. PaccMOTpPeRbl TPOLECCH JICCOIMATHBHON PEKOMOMHAIIA MOJEKYIAD:
HBLIX MOHOB B HOHOC(Epe. ;
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Lesibio paGoTsl ABJstleTcs onucanue HEPBbIX DE3YNIbTaTOB. H3MEPEHUS OnTH-
“HECKHX SMHCCHI HOHOC(EPEL, NMOJYUEHHBIX. C HOMOMLbI) BoarapeKoii. sAekTpOdoTO-
‘METPHYECKOH anmnapartypsl Ha TeppuTopuy PecnyGimku KyGa. . i
. Onucana uameputesibnas TexHHKA W PHMEHsIeMbIE TIDH H3MEPEHHSX TeXHH-
UECKHE CpelcTBd; 06p4llieH0 BHHMaHHe Ha BBIOOD H3MEPAeMBIX SMHCCHIL,

[Tpupenens: pesysibrats: H3MEPEHHH M ClleslaHbl BLIBOABI HA OCHOBE MepBhIX
H3MEPeHHI ecTeCTBeHHbIX 4TMOCEPHBIX ONTHYECKHX SMHCCHI, IPOBEJeHHBIX 6oJI-
I'apo-KYOHHCKHM KOJIJIEKTHBOM Ha Ky6e. /lano conocraienne ¢ auasiornumnmuy
IRCICPHMEHTAMH, TIDOBEJEHHBIMH B CPeHHX IHPOTaX, H YKa3aubl HEKOTOPHIC
OCOBEHHOCTH 13MEPEHHs B HAKHX uiHpoTax, : : iU iy
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BULGARIAN ACADEMY OF SCIENCES

$PACL RESEARCH IN BULGARIA, 2
Sofia - 1979

The Negative lons in the F-Region
under Night Conditions |

K. B. Serafimov.

It was believed until recently that the negative ions limit their elfects at night
to the height of the night E-layer (about 120 km -— cf. [1, 2, 3]). However, a
number of new studies have indicated that notwithstanding the low densities
of the negative ions, their integral abundance is significant and, taking into
account their activity in a number of basic aeronamical processes, it will become
necessary to undertake a basic re-examination of their role [4, 5, 6]. For instarce,
it is stated in [6] that at high geomagnetic latitudes the abundance of negative
ions in the F-region is sufficient for them to contribute essentially to the neut-
ralization processes, i. e. the ion-ion recombination in the circumpolar regions
between the positive and the negative icns in the high ionosphere is not negli-
gible. On that basis it would be necessary to re-examine the neutralization pro-
cesses and to assess the role of the dissociative recombination in the above geo-
graphic regions. In addition to that, as a sequence of the essential influence of
the ion-ion recombination, we should find a considerable portion of oxygen atoms
in a O(D) state, which are emitted by the red oxygen line Ay 6300 A in the spec-
trum of the night airglow. However, this line is generated also at the dominant
neutralization mechanism — the dissociative recombination which also leads
to considerable O(*D) densities. It has been pointed out in [4, b] that the nega-
tive ion densities in the F-region are so low that their role in the neutralization pro-
cesses and in the generation of the red line is negligible. The aim of our present
work was to create a model for the altitudinal and seasonal variations of the coe-
ficient of the negative ions & in the F-region, through which to provide objecti-
fication for the examination of that problem, both for the aims of the studies
of the neutralization processes and of night airglow and for the independent mor-
phological investigation of the ionosphere, the analysis of the night plasma-
sphere included.

Initial data for the development of models for the variations of the nega- -
tive ion night coefficient in the high and outer ionosphere in the work under-
taken will be provided by the international models for the neutral atmosphere — .
CIRA 72 (see [7] and for the ionosphere [8]). The CITRA-72 model has many de- -
ficiencies, particularly under low solar activity, but we shall not dwell on them -
here. Similar is the situation with the International Model for the lonosphere

(8], which is still far from being a unified representation of the average
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night conditions. In particular, we showed a group of Bulgarian ionospheric
models in [9] which, at medium geographic latitudes at least, offer better appro-
ximations to the real ionosphere. Particularly convenient for the above-maxi-
mal, outer ionosphere, in which the negative ions have their influence, is the mo-
del developed in [10] which provides for convenient analytical calculations.
Notwithstanding the deficiencies of the international models, at the present
- stage they are the only internationally accepted approximation to reality, and
on that account they are at the basis of the present work.

The generation of the negative ions takes place mainly through the radia-
tive attachment reaction, and these ions are almost entirely of the atomic oxy-
gen om account of its familiar electron affinity

) Ote—O+hv, X,

wﬁere v is a continuum photon (A< 8463 A), as the coefficient K; of {1} is in
accordance with [11]: K;=1.3X10-1 cm3s-1, Part of the negative jons disap-
pear by an associative detachment reaction

() ' 0~ +0=0,te", K,

where the velocily K,=1.4X10-1 cmPs-1 [12], while the other essential part
is involved in the ion-ion recombination:
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@3) O+ +0-——0*+0* + KE, K,

where the velocity Kg==1.5x10-7? cm3s-1 [5, 13]. -
Consequently, the equilibrium equation of the negative oxygen ions in the
F-region for the photochemical processes in -first approximation will be
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where R,(h)=[0*]/N,, and N, is the electron density which, just as [O], [O*]
and Re, is a function of the altitude A.

The models for the [O0-] distribution can be obtained from {5} by using the
profiles for [O,] () for the CIRA-72 model under different conditions and the
model for O* (k) irom [8]. For the sake of convenience we here propose models
for the coefficient of the negative ions A determined by

[T KfO]
Bl YW T RIOMHKs0 T

From [7, 8] we can obtain averaged approximating models for the varia-
tions of A which may be applied to concrete profiles Ne(h) obtained, in order to
calculate the density [O-] by means of (6). Of course, this will be a first appro-
ximation which makes it possible, under any normal conditions, using a pro-
file Ne(h) obtained from vertical probing (with ionospheric stations or rockets),
from the incoherent scatter, or by any other method, to determine the profile
of the negative ions [O~]{by using a model for the standard averaged values
of &. Likewise, using such a model of 4, it is possible to restore any value for
[O-] at a given altitude, geographic conditions and phase of solar activity.
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The data on N, and [O*] in [8] are provided for two levels of solar activity —
at R=10 and at R=100, where R is the average monthly number of the sun-
spots. The transition from these data about the solar activity to the parameter
used in [7], namely, the exospheric temperature (Tex)is done as in [14], accor-
ding to the following dependence
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Koy
300 -
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Fig. &

(7) Toxm=5134+3.4 R,

Hence at R=10 we have T.z=550 K, while at R=100 the corresponding
Tex~900 (in first approximation, according to the available dataon T, in [7D).

The models obtained for the variations of 2 according to initial data of the
international models [7, 8] for 00:00 h local time have been shown in Fig. 1 —
for the 6th month at ¢=45° and for both levels of solar activity, in Fig. 2—for
‘the 9th month and ¢=45°, in Fig. 3 — for the 12th month and ¢=45° and in
Figs. 4 and 5 — for the months of June and January, respectively, though at
o=18" .

From Figs. 1, 2, 3, 4, 5 it is possible to deduce the Iollowing principal laws
telated to the altitudinal, latitudinal, cyeclic and seasonal specifics of the coeffi-
Llent of the negative ions A: '

. L. The mazimum value of A is-at the beginning of the F-region where, under
any conditions up to altiftides of 220 km we gave

g | K303 K4[0%].
.. 1t follows in this case that Seta wtht
2 : ]
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9. The absolute values of & in the F-region are rather low and they always
remain below the value of 0.93x107° X

3. At low solar activity for the sector hzhoF the distributioq of x(h)'ls
close to the exponential one, with the exception of the equirtoxes. With the rise
in the solar activity there occurs a considerable complication in the i) profile,
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showing a number of extrema and inflex reglons in the summer and at the equi-
nox periods.

4. The rise in the solar activity is accompanied by a sharp rise in the values
of &, the rise reaching one order and more for the above-maximal outer ionosphere.

. Since the model value of R for high activity used by us, R=10G, is far from being
maximal, it follows that & may have higher values as well, though always lower

“than the limiting value (9). :

» 5. At mid-latitudes the seasonal run shows maxima of % for most of the
F-region during equinox and two slightly outlined maxima during the surmmer
and winter. - _ ang gl ITRinEI-S _

. 6. The A(h) profiles for relatively low geographic latitudes {p=18") are ge-
‘nerally of the same nature as at mid-latitudes and bear confirmatiomn for the re-
gularities 1, 2, 3 and 4 mentioned above. s Euigwy 1

7. Under low solar activity A shows no particular geographic variations in
the latitudinal interval of 18 to 45°. At high activity the increase in the geogra-
phic latitude within the above interval is accompanied by a rise in A as well.
~_ The absolute values.of the night densities of the negative ions [O~] are of
particular interest. By way of example, Fig. 6 shows the respective altitudinal
profiles [0=](h) for 00:00 h of the month of June at @=45° for both levels (R=
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=10 and R=100) of the solar activity according to the data for A in Fig. 1 and
the electron density model [8]. 1t is obvious that there isa considerable increase
in the ifon density [O~1 at-high solar activity. The total number of the nega-
five ions in the F-region
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is'obtained in the order of 107 ions per column of 1 em? cross-section (in the example
.examined from Fig. 6, this number at R=100 is approximately 3.35% 107
cm~*). According to the data in [1,2, 8], the averaged abundance of negative ions
in the vertical column of the night D-region is about 108 up to several times
10" em=2, the total amount of O- ions in the vertical column varying from 108
to 10° em~2. It is obvious that the total abundance of O~ negative ions in the
D-region and in the F-region is comparable during the night, notwithstanding
~the very low densities of these ions in the high ionospliere. Of course, the integ-
ral number of the negative ions in the night D-region is appreciably larger than in
the night F-region, mainly at the expense of ions heavier than the O- ion.
It should be pointed out that there are only assumptions about the densi-
- ties of the negative ions in the night F-region in the equatorial and circumpolar
-regions. It has been assumed in [6], for instance, that the role of the ion-ion re-
combination and of the negative ions increases poleward, because there is a den-
‘sity increase of atomic oxygen compared to molecular oxygen. It is obvious that
this will raise A and O-, but at the rather frequent excessive increases of the elec-
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tron density at high geographic latitudes » will decrease to ils value at average
conditions. | LI . -

The low ion densities of O may lead to certain interesting effects, parti-
cularly in the case of local measurements. For instance, if we compare the local
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intensity of the night airglow obtained from the dissociative 1800 and from the
ton-ion recombination Ziago we shall obfain the following expression:

":i 37 _A ’ B 500k 1 K101 [O+] [+ B}
! g s00 Aezep AssmlX {014 K,{01n10,)} :

(11}

where JB(;‘L)-"—‘&?'1 7Moo coefficients y; and y, are the rates of recharg-
o alNe-i— asNe 1 S i T2 g

ing the oxygen and nitrogen molecules respectively with the oxygen atomic
ions, while d; and o, are the coefficients of dissociative recombination of

OF and NO*; A=0.0091 ™1 Agage=0.0069 s~ p=0.12.

Under different conditions the ratio (11) becomes equal to or bigger than
unity for k£ equal to 500-800 km. Under the average conditions of the examined
models for a height of 600 km the ratio (11) is 6, and this signifies that at these
altitudes there is a decisive predominance of the ion recombination over the dis-
sociative one, and the local airglow is defined irom the ion-jon recombination.
However, the local intensity of this airglow is much lower than thatat altitudes of
900 to 300 km where the predominant generating mechanism of the red oxygen
line is the dissociative recombination. That is why, the examination of the ion-
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-ioft recombination only at high altitudes (> 500 km), is justified taking into
account the local problems.

It is of essential significance that at very high solar activity the recombina-
tion of O* at altitudes of about 600 km is determined practically by the commen-
surate action of the ion and radiative recombination. The ion-ion recombina-
tion in this important night transition region to the plasmasphere is not negli-
gible as compared with the radiative one and is considerably more intensive than
the dissociative one.

In conclusion, we have developed model profiles under different condi-

tions of determining the coefficient of negative ions A. These averaged model
profiles may be used to obtain the profiles of the negative ions in the F-region
by using N(h)-profiles which are multiplied by the closest in conditions A(h)-
profiles. By way of example we have shown also a [0~] (h)-profile for averaged
conditions in which we also determined the integral amount of negative ions
“in a vertical column | em?® in cross-section in the night F-region. The quantity
obtained is commensurate with the corresponding number of ions [O-] in a ver-
tical column of the night F-region. We also showed a number of local cases in
which it is of essential significance to take account of the negative ion
effects,

Appreciation is (ue to M Gogoshev and Ts. Gogosheva for the discussions held
with them on certain aspects of the work dope.
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OrpuiaTesbhipe Honsl B HOUROH [F-008aCTH

K. B. Cepagunmos

(Peswwue}

Henonbays MemKIyHapoaHble MOAE/H Hefitpadibtoli atMocdepel H woHocdepsl,
B paboTe pelieHbl YypaBHEHUS fanamca IS OTPHUIATENbHEX MOHOB B F-ofnactH.
TTonyuen Ko3(pUUHEHT OTPHUATEILHBIX HOHOB %, MaKCHMaJfbHOE 3HayeHme KoTo-
pOro He NpeBbIIAeT 1.10-%, Crenanbl BLIBEOAB 00 OMHA2EMBEIX CE3OHHBIX H OPG-
CTPAHCTBEHHBIX BapHaUHAX A

JlaHa OUEHKA WHTErpPajibHOH TJOTHOCTH OTPHIATEILHBIX IIOHOB HA BBHICOTE
cppie 160 kM nopsiaka 107 cm~?. Jlauo cpaBHenue JIOKAJbHON HHTEHCHBHOCTH
cpevueHus HouHoTO Heba, ABASOIErccs pesy/bTaTOM AMCCOLMATHBHOI M HOHHO-
wonmol pexowOuauun. Bxaan ofoux MeEXanusMos cousMepHuM Ha BHCOTaX
500—600 kM.
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Iniroduction

Intercosmos-12 satellite was launched on October 31, 1974 with parameters:
apogee — 718 km, perigee — 250 km, inclination -— 74°. The main purpose of
the experiment was to elaborate a measurement technique for charged particle
density and ion mass composition of the ionospheric plasma. For that purpose,
a mass-spectrometer and a set of probes for density and temperature measure-
ments were mounted on board. That provided the possibility of comparing measure-
ment results on ion composition between the mass-spectrometer and ion traps;
on charged particle density between ion traps, Langmuir probe and radio-fre-
quency capacity probe, and on the satellite potential-between all the instruments
given above.

Unfortunately, because of technical reasons, both the ion traps and the
Langmuir probe operated alternatively to the radio-frequency capacity probe.

This paper gives brief description on part of the above instruments and on
some of the scientific problems which could be investigated by them.

The result processing is only in its initial phase, therefore here we would
just compare results from mass-spectrometric measurements of ion composition
to ion composition data obtained by simultaneous (or comparable) ion trap
measurements. Such a comparison is important for the adjustment of the measure-
ment results. Ton traps could give error in measurement of the main ion compo-
nents (H+* and O*) because of small quantities of other ion components. On the
other hand, the mass-spectrometer gives correct data only in a relatively small
range of “attack angles®, and the poor knowledge on the satellite orientation does
not permit yet to obtain precise values both for absolute and for relative ion com-
ponent densities.
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Equipment

The radio-frequency mass-spectrometer was designed for measuring the ion com-
position as well as for elaboration of a measurement technique of neutral com-
position in upper terrestrial atmosphere. The radio-frequency mass-spectrometer
(USSR and Czechosovakia) and the calibrator (Romania) were mounted on inde-
pendent waterproof container with inner temperature and pressure control.

The calibrator was designed for the flight calibration of the mass-spectro-
meter in the measurement regime of neutral ccmpositicn [1]. The calibrator ori-
ginates a calibration flux of molecular hydrogen at the input of the mass-spectro-
meter. | The principle of hydrogen diffusion through a thin wall of stainless steel
at constant temperature is used.

The analyser A-2 of the MH-6407 P 2 equipment was used as sensor of the
mass-spectrometer. The electrenic device is more refined than that of MH-8407P
and has the following specifics: resonant ions penetrating the collector are mo-
dulated in the section of the radio-frequency grids, which are supplied with am-
plitude-modulated high-frequency voltage. An a. c. amplifier with synchronous
detector at the input cffecis the automatic scale selection dependent on the input
signal voltage.

In all there atre four scales with amplifying coefficient ratios of 1:10:100:1000.
In real time telemetry regime the mass-numbers are measured in three subran-
ges — 1-4 a. m. u.; 4-20 a. m. u.; 16-60 a. m. u. The recovery of these sectors
provides a possibility for more precise discrimination within the accelerating
potential in each of the sectors by the mutual control of the measurements at
both ends of the subrange. In memory regime there are considerably narrower
sectors of the range: about 1 2. m. u., about 4 a. m. u. and 14-18 a. m. u. The
most important parameters — the frequency of the supplied voltage, its amplitude
with respect to the retarding potenlial, the emission current of the ion source
and some others become stable.

The Bulgarian-Soviet experiment of measuring positive ion density and
electron density and temperature was performed with the help of theree-elect-
rode spherical traps and Langmuir probe. Detailed equipment description has
been given in [3]. :

In order to measure the electron density and the so-called “floating poten-
tial”, a radio-frequency capacity probe was mounted on board, designed and made
in the GDR [4]. This instrument measured the reactive impedance of a flat ca-
pacitor, immersed into the ionospheric plasma at a frequency of 10 MHz. The
capacitor is a system of two disk grids 100 mm in diameter, fixed at 50 mm dis-
tance one from the other.

Results and Discussion

The volt-ampere characteristic of the spherical traps shows, as a rule, the
availability of two ion components in ionospheric plasma at multiple orbital
sectors (Fig. 1).

The analysis results for the case repetition frequency at.a given difference
of these components mass-numbers have shown that the maximal frequency of
appearance of mass-numbers difference is about M=14=-15, which suggested
that these components have to be considered as hydrogen fons (H*, M=1) and
oxygen ions (O+, M=16). Based on that, the volt-ampere characteristic was
effected under the consideration of the availability of these two ion species {5, 6].
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Ort mass-spectrometric data, the information of
33, 77 and 78 (orbit 32, 76 and 77
of the 185th orbit for the followi
netic latitude — 4-50°, local time — 20:30-22:30.
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) was processed, as well as the direct emission
¢ — 800710 km, geomag-

Tabie 1
Helght, km fjf{’;:}ﬁﬁf‘eéi"g_ L‘;‘;ﬂ,‘ﬁ;‘}f; Orbit Mass spectrometer Ion trap

7il —32 22723 77 0.5—0.1 —
712 —29 2227 78 0.5—0.1 0.2
711 —34 34 0.5
688 — 8 21 58 76 I—g.1 0.15
683 —21 2241 32 1-—0.1
688 —13 2157 77 1—0.2

34 0.4
638 11 21 34 78 204 0.72
863 34 2058 76 2—0.4 072
560 20 21 30 34 2.0
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Fig. 2. Type of information oblained by mass specirometer on beacd the Intercasmos-13
salellite. Data acguisition regime 77. SV — scanning voltage. The shape of the peaks de-
termines the range of the mass (H+ or O-). IS — indication of sensitivity. The parameter
is equal to: O volls at mass peaks below 6V; 1.6V — <6 10V; 8V - <X 10°V, 4.5V —
< 6X 10?2 V. The SI impulses are distorted (real shape is rectangle) due to the small trans-
mission band of the telemetry storage device. MS —- mass spectrum, The measured peaks
corresponding to the H+ and O+ ions are designated. The rest - peaks of Lhe jons subject te
registration gu'ring the reverse course of scainning and limited by the amplifier al the aulo-
‘matic switehing of its dial - .
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The mass-specirometric information obtained in reproduction seance No.
77 is given in Fig. 2. The selection of the processed material was determined by
the volume of spherical trap data processed by now (orbits 34, 76 and 185). The
resulfs compared between mass-spectrometric and spherical trap data are given
in Table 1 and Fig. 3,
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Fig. 3. Dala about the ion compoesition obtained by lraps afid mass spectrome-
ier in data acquisilion regime 77 on lhe Inlercosmos-12- artificial satellite,
Traps, absolute icn concentration {solid and dashed lines). Traps, components
ralio {dashed-dotted line}

The mass-spectrometric data have determined the ion density ratio n [H*]/
n[O+]. As mentioned, the absolute calibration of mass-spectrometric data by
the eleciron density was hampered because no processed data on satellite orien-
tation were available, and that resulted in impossibility to determine the angle
value between the mass-spectrometric analyzer and the satellite velocity vector.
Because of that, the ratio n [H+]/n[O*] is given with error bars for the minimum
angle of attack (evidently exceeding 0°). In order to evaluate these error bars
the “angle characteristics’ of O* and H+ obfained for the analogous experiment
Orecl-2 [7] have been used. The minimum attack angles were obviously located
within the limits of 30-60°

Certain indeterminateness of the ratic of ion densities, determined in me-
mory regime, is introduced by the electronics specificity (ihte dynamic range of
the equipment was not fully realized). In real time felemetry regime the picture
was more positive, providing the fact that the resulis along the 185th orbit were
from this disadvantage. Data on ion composition, obtained at the 185th orbit,
were used for the specification of the minimum attack angle as well as the den-
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sity ratio n [H*]/n[O*]. These' specifications were effected with the help of data
on the absolute density values of O* and H* by trap data. As already mentioned,
the processing of trap data was carried out under the assumption of only two ion
species being available. Nevertheless, the recording of He*" by. the mass-spec-
trometer and. the data obtained on the relative:He+ density with respect to O* .
have permitted the correction of the results for the absolute ion density measur--
ed by the traps. At the 185th orbit on mass-spectrometric data, at minimum
attack angles (maximum current for Ot), n[H*]/n[O+]=0.9. And on trap data,
considering He*, the same ratio is 5=7. (The interval is determined by the maxi-
mum  scatter of the experimental points on trap data.) The discrepancy with
the mass-spectrometric data from 6 to 8 times could obviously be explained with
the discrimination of ions by the inlet angle, as the real attack angle is different
from 0° In order to explain such a discrepancy, we have to consider the value
of the real attack angle being-equal to 50-55° (by the angle characteristics used
in [7]). The O* current reduced to 0° is of the order of (4.8-6.6)% 10~ a, which
corresponds to (1.4-1.6) x 10* em=? by trap data. Therefore, the sensitivity
oAf the 3mass-spectrometer with respect to O* ranges between 3 and 4x 10~
et

Thus the value of the “angle characteristics’ of the mass-spectrometer, to-
gether with the absolute ion density values obtained by the trap data, made it
possible to effect absolute mass-spectrometric calibration by O+ ions at definite
orbital sectors. That gave the possibility to obtain rectified values of the ion
density ratio H+/O* at some of the other orbital sectors, by mass-spectromet-
ric data (with no knowledge on the instrument tube orientation with respect to the
satellite velocity vector) using only O* absolute density values obtained by the
trap measurements.

Conclusion

As seen in Fig. 3 and Tabte 1, the nature of the relative H* density changes with
respect to O* obtained by mass-spectrometric data agrees sufficiently with the
probe measurements. The values of this ratio, measured by the traps, is within
the limits of the interval determined by the mass-spectormeter.
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Apanuz pesyabrator MaCC-CHEKTPOMETPHUECKHX H  BOHJOBBIX
HBMEDEHMH, NPOBEJEHHBIX Ha CIyThHHKe ~Hurepkocmoc- 12+

I'. JI. T'danesun, K . B. I'peunes, B. A. Epwiosa, B. I'. Hemomun,
B. . Ozepos, 1. 11. JHaues, H. C.i K ymues, T. H. Heanosa, H. Kepesu,
B. Mepua, 1. Pucmorw, I, Todopesn, 10. Pycmenbayx, . M muaayep

Pezioae)

Cnyrauk Mureprocmoc™ G BLiBejen ua opoury 31 oxratps 1974 ¢, [Tapaserpat
OPOHTLI CIYTHHKA: BelCOTa anores 718 KM, BbICOTA nepurest 250 kv, naKAoHenne
opoHTLl 74%. Ocnosnoil sanaueii SKCHepuMenta Oblla o6paBoTKa METOMMKH Hame-
PEHHE KOHUEHTPANHIl 3apSKEHHBIX 4aCTHL, 1 M3CCOBOTO COCTABA HOHOB B HOHO-
ceproit nnasme. C 31oil 1edblo Ha o YTHHKe 6biia VeTanoBaena Mace-CHeKTpomMeT-
PHUECKas annaparypa u KOMIVIEKC 30HAOB A% H3MeDeHHA KOHUCHTDAIH H Teh-
HNEPaTypel sapsiuetHblX Yacruil. Baaropaps STOMY OKa3aM0Ch BO3MOMMBIM HpO-
BECTH CpaBHEHHE pe3y.IbTATOB HaMepeHHil coclana YOHOB, MOAYUEHHBIX C TOMOUILIO
MACC-CNeKTPOMETPa i HOHHBIX JIOBYLUEK, 3 TAKKE 30HAA JIsHIrmIopa ¥ pajuodactor-
HOTO EMKOCTHOrO 30HAa, H NOTEHIHAJA CIYTHUKE — IOCPEACTBOM BCEX Hepedmc-
JEHHBIX TIpHGOPOB,
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Pulse Generator with Quartz Stabilization
of the Frequency
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Inireduction

The large-scale application of integrated circuits in computing technology, in
measurement equipment and in data processing systems has led to the solution
of technical problems on a qualitatively higher level. In addition fo the func-
tions for which they are designed, the standard NAND gates can be intercon-
nected to form various pulse generator circuits. In view of the requirements exist-
ing in the above fields as regards the stability and reliability of lhe pulse gene-
rators, increasingly frequent use has been made of circuits with highly stable
delay lines or quartz resonators as time-setting elements.

This paper describes the operation and analyzes the characteristics of a
pulse generator circuit with quartz stabilization of the frequency, which has
been realized with standard two-input TTL NAND gates. The circuitry propos-
ed avoids some of the shoricomings of the familiar circuitries (difficulties in
the oscillations of the quartz resonator, oscillations of higher harmonics, and
strong influence of variations in the supply voltage) and offers certain advan-
tages (variable duty ratio of the output pulses, oscillation of the quartz resona-
tor to the frequency of the serial resonance, and possibility of varying the frequency
within narrow limits).

General Considerations Related to the Quariz
Stabilization of the Pulse Generators

By the inclusion of a quartz resonator in the circuitry of the pulse generator,
under thermostatic conditions of the resonator and of the electronic elements,
it is possible to obtain instability of the {requency generated over a long period
of time within the limits of 10~ to 10-° {2]. '

The equivalent electrical circuitry of the quartz resonator is approximately
of the following type [2-4] — Fig- 1. ns R : : o 3%

{ay mI:'?-:_-l__; i'req'ueﬁcy’ of the serial resorance, -
vIQCq
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(2} wy=(14-0.5 m) frequency of the parallel resonance,

Cq
® m=g
The circuitry proposed makes use of in-series control of the quartz crystal

which is more efficient than the parallel one [3]
T and offers the following advantz ges:
— Lower tendency to parasitic oscillatons:
— Smaller change of the equivalent resis-
Lo lance controlling the generator upon deviation
from the stabilized frequency:
2 ' N -~ In-series control makes it possible to ope-
q T %  rate close to the frequency of the serial resonance.
For the excitation of the quartz resonator in
B the circuitry of the pulse generator it must be
2 connected between points in the circuiiry which
show great variation in the potential difference
l during operation [1, 2]. On the other hand, it is
desirable for the quartz crystal to participate in
Fig. i the feedback circuit; this condition is not com-
Lg — seli-inductance of quartz; Cg— plied with in most practical circuits, but an
seli-capacitance of quartz; R,—resis-  additional condifion is introduced, namely, that
tance of quarts al o Cp — capaci-  tha period of the free oscitlations generated (when
vafes GRATLSCoRLAgtS the quartz resonator is not included in the circnit-
ry) shall be 1.2 to 1.5 times smaller than the period of the stabilized oscilla-
tions [1, 3]. ;

<1 coefficient of incorporation of the quartz in the circuitry.

Operation of the Circuitry

On application of the supply voltage the circuitry begins generating free oscil-
fations with a irequency f,=(1.2—1.5) f, the quartz resonator playing the role
of a capacitor. Alter about 100 ms [4] the resonator is excited and begins to oscil-

D1 S

— Q i o Jiies ' m" @
o I
-

ey

Start~stop contreol

Fig. 2

late with a steadily growing amplitude. Upon reaching the rated amplitude of
the oscillations, the pulse generator is synchronized with the frequency of the
quartz tesonator (Fig. 2). :
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Let us take the moment in which the voltage at point 1 of the circuitry chan-
ges with a jump from a “low™" into a “high’" level as the initial moment in the time-
diagram. At the same moment the change of the voltage in point 2 is equal to
the sum of the change in point 1 and the voltage applied on the quartz resonator.

i} =
. t
usz,v)\
2
@ |
o 2
t
UQ,'{f jb‘

Lo
—3ies.
T

Fig. 3

zZ
The diode D, is reverse bia sed and is cut off, and the current of the excited quarte
crystal begins to flow through the resistor R.. At the moment when the voltagfl’
across the oscillating circuit (composed of the quartz crystal and of the in-serie
connected capacitor) b ecomes equal to 0, determined by the period of the seria
circuit, the current begins to flow in the opposite direction through the diode
D, and the resistor R;. Upon reaching the threshold level 0.8 V. Ug=1.5 V)
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of the integtated circuit IC,, the state of IC, and IC, (IC; and 1C,, respectively)
changes and the voltage at point 2 changes with a jump to a “high”’ level. The
process continues ifs development without stopping in the other branch of the
system, the potentials at the respective points changing into the opposite ones.
Figure 3 shows the voltages at typical points of the circuit, as a function of time.
At point 3 of the circuit it is possible to observe the voltage of the first har-
monic of the excited quartz resonator.

Generated Frequency and Duty Ratio
of the Pulses

The frequency at which the pulse generator operates is determiiied from the fre-
quency of the quartz resonator included in the circuit. The circuitry generates
pulses with a frequency close to that of the serial resonance and may he varied
within narrow limits by the in-series connected capacitor C, thereby effecting an
in-series control of the quartz resonator.

One typical feature of the circuitry is that it can operale al different duty
factors of the output pulses. The duty factor depends on the ralio of the cur-
rents flowing through the resistors R, and R: and may change within the limits
of 0.15-0.85.

The maximum frequency al which the circuil will generate with the use of
standard integraled circuits is foas=15 MHz.

Start-Stop. Operation i
In view of the fact that the stabilization of the circuit is carried-out by a quartz
generator, which is an electromechanical oscillating system and reaches its steady
state of operation relatively slowly, the start-stop operation cannot be realiz-
ed in the basic section of the circuit. For the purpose of starting and stopping
the pulse series from outputs 4 and 5 (Fig. 2), provisions have been made for two
additional integrated circuits (IC, and IC,) which are controlled from an exter-
nal logic condition, invelving no implementation of a condition that starting
and stopping should take place with a certain phase.

Infiuence of Variations in the Supply
Voltage and in the Ambient Temperature

As regards the influence of the variations in the supply voltage and in the ambient
temperature, the circuit may be divided in two parts: quartz resonator and elec-
tronic part. The stability of the quartz resonator is determined from the selected
section of the crysral and, accordingly, from the temperature coefficient of the
frequency change. In this case an appraisal will be given only about the stabi-
lity of the electronic part of the circuitry.

The summary influence of the changes in the supply voliage and in the am-
bient temperature (in the entire working ‘range U.=-15 V5%, T,=0-76°C)
is expressed as instability of the- frequency <10-7 (at a duty ratioc for the outpuy
pulses d==0.5) [2] and tests of the circuitry under real conditions.



Praclical Realization of the Circuitry
of the Pulse Generator with Quartiz
Stabilization of the Frequency

Several variants have been realized of the examined circuitry, use being made
of high-stabllity quartz resonators of the C. E. P. E. Company (Italy) and of the
following electronic * elements: SN7400N, SN74HOON, SNBH4OON, 1NGI4,
ING16, BAY7!, BAY74, 2N2007, and BSX29. At a frequency of the quartz re-
sonalors 50 kHz and 100 kHz, of stabilized supply voltage and duty ratio of the
pulses 6—0.5, withoul taking any measures for temperature stabilization of
the circuitry, an instabiiity of 5> 10-* was measured for a period of 1 hour under
laboratory conditions. -
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UMNy bCHBIE TeHEpaTOp C KBAPileBOH CTa0UAM3aNHeH YaACTOThHE

b. [F. Hees
P oo M)

B cBA3K C WHPOKHM TIPHMEHEHHEM HHTErPa/bHBIX CXen H TPEOOBAHHAM K cTabNJIb:
HOCTH H - HUFEIKHOCTH WMHYJIBCHBIX FeHepATOPOB B chCTemaX oOpaloTkH uHGOpMa-
IME [IpeAJaTaeTess CXeMa MMTIYJBCHOGTO Fenepatopa ¢ KBapleBoil crabuiusaiueit
YaCTOTHI.

B pabore onucaHo AEACTBHE U aHAAN3WPYIOTCH ocoBerHOCTH fIpejiaraeMol
CXeMbl HMITYABLCHOTO TenepaTopa. HaHpas cxema JiMillehd HEKOTOPBIX HENOCTATKOB
U3BECTHBIX CXEM; @ {IMEHHO! OTCYTCTBYIOT TPYIHOCTH, CBA32HHbIE ¢ BO3OYMKAeHHEM
KBapHeBOTo PeSOHATOPa, C BO3OYIKAEHHEM HA BHICLUHX rapMOHHKAX H € BAHAHHCM
nanpsxkenns muTanus: [lokasanel raxke npenmyllecTsa JAHHOI CXeMbl — Tiepe-
MeRHEI - KOBQOHIIENT  3aNOJIHEHTIS ‘BEIXOAHBIX: HMAYJILCOB, BO30YIKAeHIE pesona-
TOpa Ba 9acToTe CepHIHOrO Pe3onaHca, BOIMOKHOCTH MIMEHEHHS HaCTOTHI B HEKO-
TOPHIX NpefieNax. - SRR Lal 2 = (S SR :

FIpHBOASTES - OMYUCHHBIC - Pe3YJIBTATH! DU [pa KTHZECKOH peaansaiiiy CxeMbl
HMIYABCIIOTG TeHepatopa ¢ ®papileBofl CTa6UAN3ATHEN YdCTOTHI. S
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ULGARIAN ACADEMY OF SCIENCES
PACE RESEARCH IN BULGARIA, 2
Sofia - 1979

Orbits of Artificial Earth Satellites Used
in the Intersputnik System with Optimum Position
for Bulgaria

P. Stoyanou, E. Alexandrova

This is an examination of the problems related to the determination of the op-
timum elliptic orbit for Bulgaria. Graphs have been given of geostationary and
elliptic orbits with different longitudes of the apogee with respect to Sofia. The
authors have analysed the conditions for communication of the other participants
in the Interspuinik system when the satellite operates at an optimum orbit for
our country. Quantitative evaluations have been given of the conditions for
communication with an artificial earth satellite on elliptic and geostation-
ary orbits,

Intrbduction

One of the forthcoming objectives of Bulgaria is the construction of an earth
station (ES) for communications through artificial earth satellites (AES). In
her capacity of participant in the Infersputnik international system for satel-
lite communications, Bulgaria will operate with the.satellites of that system and
is interested in obtaining the optimum or near-optimum choice of the elliptic
orbit to be used. =

One basic variable parameter in the optimization of the conditions for ope-
ration with AES on an eiliptic orbit is the position of the orbital plane in rela-
tion to Bulgaria. The distance between the meridian of the orbit apogee A and
the latitude Ags of the ES determines the proximity of the plane of the elliptic
orbit.

The aim of our present work was to determine A4 in such 2 manner as to
obtlain optimum conditions for communication between the AES and the ES of
Bulgaria. 8

The optimum elliptic orbit is the one which ensures the following:

1. Maximum iime for communication performance with AES;

2. Minimum in size biological zone of the ES;

3. Minimum by-pass angle in a horizontal direction.

This results in improvement of the electromagnetic compatibility with RRL
operating or intended for operation in the band of joint operaticn with ES.

4. The noise temperature introduced through the aerial of the ES station
from the atmosphere should be minimal.
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Basic Dependences

The radius #, of the region of possible radio-communication between an ES and
an AES travelling atong an elliptic orbit of the Molniya-1 type is determined by
the dependence (Fig. 1}

(1) I. 'ro'__"i"g‘éﬁ"ﬁR‘

where 2a; is an arc angle of the radiovisibility
region from the satellite;

i—1, 2,..., n— points {rom the elliptic
orbit; and R is ihe average Earth radius
(6,370 km).

The angle y characterizes the range of vision
from an AES

Rcos gy

{2) Yy== arcsinR—Jr—H-m[grad]‘

where 2 v; is the span of the radiovisibilily apex
angle from an AES upon its travel along an el-
liptic orbit.

20l , is the width of the diagram of AES an-
tenna oriented for operation ata hali-power level.
According to [1}, 2€0°1 =20°,

Fig. 1

4 He=r—R

is the height of the satellite above the Earth’s surface; r; — radius vector of an i
point of the elliptic orbit where the satellite is to be found at the particular mo-
ment: and p; is the minimum angle of operation of the aerial of the ES above
the horizon,
In view of considerations for reducing the noise temperature of the aerial,
as introduced from the Earth, B;=6° :
. The dependence between the above angles is determined from

(59 = 90°(vi+B)) [grad)
and . 4
& B;:arccos.R+§ ** sin -y [grad].

Determining the Optimum Elliptic
Orbit for Buigaria

The town of Sofia (gesgraphic coordinates A=23° 'e.. 1. and ¢=43" n. 1.) was-se-

lected as the 'observation: poifit in determining the visibility of the satellife pass
along a certain elliptic orbit. The position of ihe sateilite in a vertical plane is

57



determined by the angle above the horizon A°, while the direction toward the
horizon is determined by the azimuth angle &
The angle A® is determined by the dependence

[ AM s COSE—RIr ;
(7) A= arctgm =dre tg—sﬂ"" Igrady,

where r is the radius-veclor of the point at which ihe AES is to be found, and
€ is the geocentric angle between the point
of observation € (A, o) and the projection of
the satellite on the Earth’s surface N (Asat,
Psar). The angle @ determines the distance

T2, g - between the points C and ¥ by the dependence
Fsap for

, ©

- ®) 0= o+ R

; The angle @ is delermined from the
FiE 2 spherical triangle NCP (Fig. 2)
{9 ©=arccos [sin @ . sin @sa1-Cos © . COS gyt . COS AL] [grad],

where X and ¢ are the coordinates of the observation point;

Asar an1d Qeqt are geographical coordinates of the satellite projection:
(10} AL =Rt —A.

The azimuth angle £, taken in 3 North-Easl — South-West direction, is
determined from

{t1) : E=AA
when At is to the east of the meridian A=23"¢e. |. and from
(12 E=360"—AA

when A isto the West of the meridian A==23"¢. |., while A4 is determined from
the spherical {riangle NCP

- singg,, —sing . cos @
{13} 44 =arccos o - [grad).

The geographic coordinates of the satellite hsate 9sai al any moment of its
movement along the elliptic orbit are determined by the geocentric projection
of the orbit on the Earth’s surface, Figure 3 shows the geocenftric projection of the
odd elliptic trajectory, according to [2], due account being taken of the Earth’s
rmovement.

The projection of the even elliptic trajectory is.a continuation of the odd one
and has the position of the apogee Ay

{14) AA =Rk 4 1809, -

Figure 4 shows graphically presented ellipticorbits with different longitude of
the apogee A, (A7), as they are seen from the selecled observation peint. The
positioniof the satetlite’is determined in relation to the nioment of lime in which
the AES passes through the perigee point (fo= 00 [V 8 &S SRR Tulh .
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Table 1 gives the basic quantities which are characteristic of the elliptic
orbit, namely: the radius-vector r, V¢ {the angle between the direction to the perigee
and r), the radiovisibility zone from the satetlite {u, r,) and the distance from the
observation poini to the projection of the satellite on the Earth's surface (6, p)
for the selected elliptic orbits with different longitude of the apogee in function
oi absolute time. o :

For the purpose of determining the duration of ihe session for communica-
tion with the AES, we com-
pate the visual zone of the

AES from (1) and {he dis- Psat s
tance to the undersatellite 80° I .
point from (8} (Table ). . 1,0700 - 7]6h

. At p>r, (B>0) the 7" o~
AES cannot “see’’ us with 500 |- SRfRe 3
its aerials. Our visibilily he® L 2 1hpEeah
toward the satellite is deler- Ha 10,108 3Gl e e TH3D
mined by A from (7) and & = T
from (1) or (12), and de- 25
pends on the overlap angle ) 230w I T2 01 b o

1o the horizon. When it is
possible to ensure a mini-
mum covering angle (Binin—
5% for all orbits shown on
Fig. 4, we can follow the
movemen{ of the satellite
within an approximately 11-
hour sector. In order iore-
alize the communication ses-
sion it is necessary io ad-
just the diagram of direct-  giq, 3

ed opetation of the salel-

lte’s aerial. )

2. At p<r. (@ <o) the AES satellite can be used to establish commusication
with member-country of the Intersputnik system. The boundary line p=r, at
R=5° and y=10°, plotted by a broken line on Fig. 4, determines the duration
of the communication session as shown in Table 2. The results obtained show that
upon using one AES travelling along an elliptic orbit with different positions
of the apogee, the total time of the communication session is a sum of two variable
componeiits. :

The dimensions of the biological zone of the ES for protection from the ir-
radiation of the aerial within the microwave band for persons not professionally
involved in radiation and for the population is determined, as regards intensity,
at i pW/em® [3].

The size of the biozone depends on the power ol the operating fransmitters

_and on the values of the operative angles in horizontal and vertical directions.
The dimensions of the biozones for the selected orbits al {ransmitter power Py,
=10 kW, as well as the bypass angles from the aerial in-a horizontal direction,
'am"given ST a Rl ad o Mgy oo e sis e e ey =

The noise temperature of the aerial Ty, (introduced from dry atmosphere)

“is significant to the qualily of the signal received from the satellite, whose va-
lise is of the order of 10" W/m? 1t depends on the angle above the horizon

" A°at which the gerialisoperafilg =~~~ T T T

i3
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(15) Tra=g g K]
according to {2]. This formula is valid for the 1 =8 GHz band and A>3+5° The
values of the noise temperature of the aerial, calculated for an angle, which is
the averaged value of the angles at which the aerial of the ES operates during
most of the session for AES satellite communication, are plotied in Table 2.
A comparison of all optimized quantilies in Table 2 shows that the ellip-
tic orbit with Aa==95" e. 1. and A3==856" w. 1. is oplimal both as regards the time
of the communication session through the AES and also as regards the other pa-
rameters: the bypass angle of the acrial in the horizontal plane is minimal, the
area of the biozone is alsc minimal and the noisc temperature of the aerial Ty,
is very close to the lowest calculaied value.

Geostationary Orbit

The vistbility of a geostationary sateilite {angles 4 and g} is determined with
formulae (7) to (13} for a satellite lravelling along an elliptic orbit, and for a
geostationary satellite @.,=0 and (9) it is as follows:

(186) ©—arccos {cos ¢ . cos AA] {grad].

At a consiant height Hei=236,000 kin and constant distance r=Hq+R for
a geostationary sateilite, (7) becomes as follows:

1. C0s O—-0.15
(a7 A=arctg 2S00 [grad].

The angle AA for a geostationary satellite is determined from (13) and be-
comes

_ tgy
{18} A_arccoslzg@ .
The azimuth angle £ is determined from (11} and {12). Figure 5 shows a gra-
phically presented geostationary orbit with visibility from the selected obser-
vation point of Sefia. Broken lines show the intervals of possible position of a
geostationary AES in the Intersputnik sysem from 6 to 28° w. 1. and from 68 to
95° e, 1, [4]. The positions have been designated of a western satellite at 16° w. L.
and an eastern satellite at 68° e, 1. which have been established as fully satisfying
the needs of Buigaria for communications over an AES with all countries in the
world. For the purpose of comparison, Table 2 contains the values corresponding
to the optimizing guantities.

Analysis of the Results Obtained

The visibility of the oplimum for our couniry elliptic orbit from several points
with changing latitudinal parameter — Moscow (858° n. 1.; 38° e, 1.), Novosi-
birsk (65° 1. 1.; 82° e. 1.}, Warsaw (62° n. 1.; 20° e. 1.), Ulan Bator (48° n. 1.;
107° e. 1.}, Sofia (43°n. 1.; 23°e. 1.}, and Cuba (22° n. 1.; 86° w. 1.) calculated
according to formulae {7} to (13), is shown on Fig. 6. Given below are the cal-
culated times for the communication sessioil.

The conclusion may be drawn from the above data and from Fig. 6 that the
conditions of operation oifered by this orbit are not unfavourable both as
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Communication time

Town 1si revolution 2nd revolution Total
Moscow & h 58 min 7 h 38 min 16 h 36 min
Novosibirsk % b 34 min 7h 16 h 34 min
Warsaw 8 h 38 min 7 {1 53 min 16 h 26 min
Ulan Bator ¢ h 50 min 6 h 12 min 16 h 02 min
Sofia 8 b 21 min 7 &t 42 min 16 h 03 min
Cuba — I¢ k 36 min 10 h 38 min

regards the duralion of ihe communicalion session and as regards the operating
anigle of the acrial. The data available warrant the conclusion that shifting to
the south results in a decrease in the period of the session.

The defermination of an elliptical orbit which is optimal for the countries
belonging to the Inferspuinik system has not been the object of the present work.

It can be seen from Fig. 5 that the ES in Sofia can esiablish communication
with geosfationary satellites at a minimum overlap angle foward the horizon
of 5°, above the meridians from 94.3% ¢. 1. o 48.3% w. [. which are visible in a ho-
rizontal plane in the directions from 103° to 257°. For the purpose of comparing
the changes in the conditions of operation with the above Western and Eastern
geostationary satellites from two points of different latifude, calculations
have been made for Sofia and Warsaw.

Eastern AES B Western AES
Losatlon 4° Tha [7k] ‘ hiozone [dea) A4° | Tpa [°K] | biozone [dea]
Sofla 237 8.2 1380 30.1 ‘ 5.0 1320
Warsaw 16.0 | %l 1425 244 6.05 1380

It is possible to conclude from the comparative data presented above that,
practically, the conditions of operation change only insignificantly with the
change in latitude:

Conelusion

The analysis of the results obtained shows that the optimum elliptic orbit for
Bulgaria is that with apogee of an even revolution over meridian 95° e. 1. and of
the odd one over meridian 85° w. 1.

For our latitude the geostationary satellites examined offer definitely bet-
ter conditions for communication through AES.
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Ontnmanpabe s HPB opbutst UC3,
HCIIONB30OBAHHLIE B CHCTEME JHTepCny TR

1. Cmosros, E. Axexcandposa

{(Peswowe)

PaccMOTpeHsl BONPOCH, CBSI3AHHBIE C ONPEAC/EHHEM ontamanbrol nas HPB 3a-
AunTHUecKoil op6uthl. ['paduueckn npejcTaB/ieHbl reocralHONapHas M VHI-
THYecKHe OpOHTH ¢ H3MEHEHHEM reorpacduuecKoil J0TOTH ¥ aROTER N0 OTHROMIEHUIO
k Couu. AnanusupoBakbl yCJIOBHS CBA3H € APYTHMH Y4acTHHKaMH B CHCTEME
JAuTepenyTHHK® B YCJOBHAX paGoThl €O CRHYTHHKOM H& onTUManBHCH AN
pamedl ‘crpansl opéute. [laHhl KOJHUECTBeHHBIE OLEHKH YCJIOBUIL CBASH CO CTIYTHY-
KaMu Ha SJJHITHUECKMX ¥ reocrauioHapHofi OpGHTaX. '
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BULGARIAN ACADEMY OF SCIENCES

SPACE RESEARCH IN BULGARIA, 2
Sofia - 1879

Satellite Equipment for Determinin
the Overall Planetary Distribution |
of the Major Atmospheric Emissions -—— EMO-1

I. Purpose and Research Objectives, Measurement Technique,
Optical Diagram and Mechanical Aspects

M. M. Gogoshev, S. K. Chapkunov, V. T. Simov, V. Vatsou,
M. H. Petrounova, S. I. Surgoychev, Ts. N. Gogosheva,
M. Vatsova, P. T. Petkov, N. P. Petkoy

Purpose and Research Objectives

The interest shown in the study of the atmospheric emissions is due to the fact
that they can be used in obtaining information on:

A. Important aeronomic processes in the ionosphere in the altitudinal range
of 60 to several thousand kilometers above the Earth’s surface. Significant among
these processes are the dissociative recombination of the molecular ions in the
E and F lonospheric regions, a large spectrum of ion-exchange reactions, and
the radiative recombination.

B. The precipitation of protons and electrons of different energy.

C. The heating of the high atmosphere under the effect of eleciromagnetic
waves of various nature and genesis, and alse the defecting of acoustic and inner
gravitational waves.

D. The ionospheric-magnetospheric interactions.

E. The study of various aspects of the physics of solar-terrestrial rela-
tionships.

Measurements of the spectrum of the luminescent atmospheric layers are
usually carried out from observation points fixed on the Earth's surface. This
method offers certain advantages (possibility for continuous observations, con-
tinuity and homogeneity of the data, etc.), but it has a number of disadvantages
as well. In the first place, we would like to refer to the spatial limitations of the
data obtained. By way of example we would like to take the case of the mag-
netospheric-ionospheric interaction. The penetration of energy from the mag-
netosphere to the ionosphere is not the same at different points of the Earth’s
surface. This is due to the sectoral structure of the magnetosphere which is re-
lated not only to the shape of the terrestrial magnetic field but also to the diur-
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nal rotation of the Earth, o the constant change in the direclion to the Sun,
for any given point. Consequently, it is not possible to obtain sufficiently com-
plete information for this effect from such a fixed point. The network of obser-
vation stations is most unevenly distributed, and observations are often unavail-
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able where they are most needed, e. g. in the region of the polar casp, in the mid-
latitudinal trough, and in the crests of the geomagnetic equatorial anomaly.
On the other hand, even ii there was a sufficiently complete network of obser-
vation stations, their data would not have been sufficient to carry out magnetc-
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spheric investigations for the following two reascns: The first cne is that in view
of the need of synchronization, it becomes necessary to carry out observtions at
periods of bad weather, in the presence of the Moon, ete., and this is not always
possible. The second reason is that, with a sufficiently large network of obser-
vation the unification and the mutual calibration of the apparatuses used is
practically impossible. This, of course, will lead to essential differences and to
incompatibility of the data obtained,

With the possibilities now available for using the artificial Earth satel-
lites (AES) for research purposes, it is possible to eliminate the two essential short-
comings of the terrestrial apparatuses. By the satellite electrophotometers it
is possible to obtain overall planetary characteristics of the atmospheric emis-
sions. And in view-of the fact that these apparatuses fly in a complex set with
other measurement devices, the scientific justification and the value of the data
obtained are much greater.

A number of apparatuses have been developed in the course of the last de-
cade for operation on board various satellites, whose aim is the investigation of
the optic atmospheric emissions in a broad spectral and energy range, as is the
case with the equipment on board the 0GO-4 [1, 2], Atmospheric Explorer [3],
ISIS-2 [4, 5] and many other satellites.

The present article describes the electrophotometric apparatuses designed at
the Central Laboratory for Space Research of the Bulgarian Academy of Sciences
for investigating the overall plenetary distribution of the following major at-
mospheric¢ emissions:

1. The red oxygen double O (*P—ID)x 6300—6364 A

2. The green oxygen line Of (:D--1S)a 5577 A.

3. The line A 4278 A from the iirst negative system of the singly-ionized nit-
rogen molecule,

The intensity of these lines was measured by what is known as the two-fil-
ter method which has been explaied in [6]. _

All filters and the calibrated standard source are situated on a revol-
ving disk. ‘
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A general view of the photometer is shown on Fig. 1. Figure 2 shows indi-
vidual units of the equipment. Figure 3 presents the measurement diagram, rea-
tized by means of a satellite with a minimum altitude of 500 km, which is orient-
ed and stabilized with respect to the Earth’s surface. The electrophotometer EMO-1
is fitted to the board side and is oriented at a given angle to the Earth’s surface
(y=79°). An analogous diagram is to be found, by way of example, in OGO-6 [7].

The angle v is selected in accordance with the following considerations. At
a minimum attitude of the satellite of 500 km, the optic axis of the photometer
must be tangential to the Earth’s surface. At the passage to the perigee altitude,
and at the perigee, the photometer measures emissions from different almospheric
layers at a certain altitide above the Earth.

Optical Diagram

The selection of the optical diagram is determined by the orbital parameters,
by the altitudinal dimensions and the distribution of the emitting layers, and
by a certain destabilization of the carrier. In accordance with the above consi-
derations, a rectangular field of vision has been selected with vertical dimension
1° and horizontal dimension 3.5°. The photo recciver was FEU-79 whose spec-
tral curve embraces the range examined with very high sensitivity.
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The principal function of the optical diagram in this case is to improve the
signal-to-noise ratio and also fo locate the emitting layers. In selecting this sys-
tem it is sometimes necessary to take account of mcqmpgtlble and contradic-
tory requirements related to the weight of the device, its size, and its structural
and technological requirements. A fwo-component Keplerian telescopic system
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has been selected in this case. In order to reduce the weight and to minimize the
losses of absorption, two simple lenses were selected fcr objective and ocular
(Fabri’s lens).
To ensure the correct operation of the interferential photo filters, the photo-
electric multiplier, together with the electrcn blocks, is placed in a sealed con-
F?eld'aperthre

“ntErFerEnCe
Filter)

Lens of Fabry

Photemul tipliar

Lens

g o

tainer ensuring suitable temperature conditions and normal atmospheric pres-
sure. On that account, and also in view of limitalions in size and weight, the
optic system was cl the joint type (Fig. 4). |

The free diameter of the interference photo filters, which has also been se-
lected on consideraticns of compactness, is 18 mm. The focal distance, at the vi-
sual angle selected (Fig. 5), is the following: i

= Da_

(i) Fo= g,

wiete £, is the focal distance of the objective, Dy is the size of the blind of the
visual field, and W, is one-half the angle of the visual field. In this case, at a
visual angle of 3.5° the focal distance of the objective is 284.2 mm. %

The basic ratio for the telescopic systems is A o

@ Yo =t
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where Fy is the focal distance of the ocular (Fabri's lens), D, is the diameter of

the input aperture (coinciding with the diameter of the gbjeclive}, and D¢ is the
diameter of the ou put aperture.

With a view to the optimum utilization of the optic system as a transmit-
ter of photoenergy, it is necessary for the photocathode of FEU to be in the plane
of the output aperture. Besides that, the output aperture must be equal to or
smaller than the diameter of the photocathode. Then it follows from (2) that at
a 60 mm diameter of the objective we shall have

3) vo=10 and Fi;=24.42 mm.

The operation of the apparatus is accompanied by the influence of strong
sources of light situated close (at an angle) to the regions sttbject to measurement.
These sources usually have radiation energy (their own or reflected) exceeding
the energy measured. The fube with protective diaphragms (Fig. 6) is used to
eliminate the influence of these sources. The principal dimensions of this system
are determined from the following formuiae

Dy

® D=ygw-gW’
where D, is the iree diameter of the objective, W, is the angle of the protection,
and W, is one-hali the angle of the visual field.

___(Byt By cos (W, +4W ) cos W,
®) Homin= sin [{W, W) —Wy] '

where B, is the depth of the blind and AW, is the angle of deflection of the axis
of the apparatus from its nominal position as a result of the incomplete stabi-
lization of the object.

=pg¥itigh,,
) o Dth Wi—tg W,
In this formula D, is the diameter of the last diaphragm.

All diaphragms have sharp edges and curvature radius not exceeding seve-
ral microns. In order to reduce the background noise from the edges, only the
first and the last diaphragm are situated outside, parallel to it at a distance B;.

The position of the diaphragms along the axis has been determined graphi-
cally. In order to reduce the amount of the dispersed light, the inside of the tube
is furrowed and light-absorbing coatings are laid on the polished diaphragms.

To reduce the dispersed light in the optical glass, the latter has been select-
ed with minimum bubbles and non-uniformities in its structure.

We know that under ccnditicns of radiation the optic glasses reduce their trans-
parency coefficient and become stained. This leads to errors in measurement.
Special types of glass have been selected in order to avoid this shortcoming, and
their properties are not affected by the radiation. Ceme

Mechanical Equipment T—

The body of the EMO-1 device consists of the following principal units (Fig.7)
base (1), cover (3) and tube with protective diaphragms (2). Fitted to the base
are the unit with FEU, the elecfronic block, the disk with the filters, and the
siep-by-step generator. T

This design provides for easy assembly and adjustment of the device, since
free access is obtained to the basic umit by the removal of the cover. The base
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has six apertures by means of which the device is attached to the carrier, thereby
providing fcr efficient heat exchange. The cover (3) ends in a flange whose groove
contains vacuum rubber 4 mm thick. The casing of the optic system is fitted to
the front part of the cover. The latter ends with a socket in which the tubes with

g ¥ Fig. 8

the optic elements are secured. Further fitted to the cover are an illumination
adm:ttn}g the photo flux to the sealed part of the device, four sealed connectors
and a pipe connection for filling the device with inert gas.

Kinematic Diagram

In selecting the kinematic diagram the aim is to perform the cyclic rotation of
the disk with the interference photofilters by a minimum number of elements.
Out of the possible solutions — ratchet gear, Geneva wheel, driving with single-
revolution clutch, and step-by-step motor, the choice fell on the last one. Fig. 8
shows the kinematicj diagram of the drive. The step-by-step motor with bipolar
control has the following characteristics: supply voltage 15 V, power 1,5 W, and
weight 0.7 N. The control of the motor is shown on the block diagram shown on
Fig. 9, in whith PG is a generator of tact pulses, CR isa resolution circuit, PM is
a prohibiting monovibrator, ID is a;pulse distribution, PA is a power ampli-
fier, and M is{a step-by-step motor.

PG cp o PA ‘- "
PM J

L

Fig. 9

The pulse generator provides rectangular pulses with a period 7=200 ms.
These pulses are sent lo the pulse distributor while there is no ban from PM.
The prohibiting pulse from PM has a duration of 1.2 sec. The pulse distributor
1D converts the pulses received intoa two-phase system (Fig. 10), phases A and B.
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These rectangular pulses from the power amplifier are fed to the step-by-step
motor M. Integrated logic circuifs have been used in the design of PG, PM, ID
and CP.

"The power amplifier PA is of the non-reversive type and is fed by a d. ¢
. supply. PA consisis of two identical channels amplifving the 1D pulses obtai-;

PH i Fﬂ—-a—__

— -

200ms
_...;..“..._._—1_-‘._.
PG [__
1.28% 8
€L o o

e
Phase A
Phase B —
t
:Eg.\ - F
ing. 10

ed. The PA amplifier is designed with silicon transistors operating on a key
pattern.

The step-by-step motor, according to the block diagram on Fig. 10, will
move until it receives a prohibiting impulse from PM. Upon reaching a parti-
cular position, the motor and the disk with filters connected to its axle stop for
4 certain time, during which a measurement is taken. After that the motor is
reset. The eight positions of the disk are covered successively in this marnner.

When two of the authors (M. G.and Ts. G.) first suggested the idea of using
these apparatuses, it obtained full suppert and its realization became possible
thanks to the active assistance of Professor K. Serafimoy, Corresponding Member
of the Bulgarian Academy of Sciences and Director of the Central Laboratory
for Space Research in Sofia. The authors would like to express their warmest
gratitude to him.
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Cnyrhukobas annapatypa aas ompejeseuus obIenN aneTap Horo
PaCipENRCACHHS " BAKICHIMX aTMOCHEPIIRIX SMHCCHI — 3SMO ]

Ilpeniasuauenne o HAYUHbIe 3afadud, MEeTOAMKa H3MEPEHHSH,
ONTHHCCKAA CXeMa H Mexanuka ’

M. M. Tozouws, C. K. Yankewos, B. T. Cuncs, B. Bayoe, M. X. Mempynosa,
C. H. Cupeotines, 1. H. Foeowesa, M. Bayosa, I1. T. flemxos, H. H. Hemkos

(Peswne)

Pacemarpusaercs npegpasnauenve u Hayunnie 3aaaun npubopa IMO 1, Brmouey-
HOTO B CCCTAB Hay4HOH annaparypei cOvexta TMna AYOC B COOTBETCTBHE o apo-
rpammoll ,Mriepkocmoc”.  Brpatue NEPEUHCACHH Te HOHOCQepHbIE Napamer-
PEI, O KOTOPRIX MOMHO CYAHTH N0 DEBYJLTATAM U3MEPENHS, NOAYUCHHBIMH C npu-
fopon 3IMO 1,

Pacemotpena npumensiemas ontuueckas CX€Ma, BRINO.HEHHAN B COOTBETCTBHU
C OrPaHHYEHHAMH, HAK/IAALIBAEMBIMH Ha OOBEKT, a TaKiKe C TPeOOBAHK MY, APent-
ABJIAEMBIMH K HayYHOMY skcrepumenty. Jlano KopoTkoe onHcaHie vexaauky apu-
Gopa, npeHasHaYEHHON IS peajusanuu ABY(PUIILTPOBOIO. METOAZ M3MEPCHHS
ONTHYECKHX SMHCCHH. JIMCKyTHpyeTCs: BulbpaHHasi KHHeMarHueCKas TXeMa.
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