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BULGARIAN ACADEMY OF SCIKNCES

SPACE RUESEARCH IN BULGARIA, 3
Sofia - 1980

Development of Information Possibilities
of Scientific Satellite Experiments

K. B. Serafimov, S. K. Chapkunov, T. N. lvanova, I. B. lvanov

A determinant facior in the contemporary stage of space research is the rapid
increase of the information flux necessary to be transmitied to ground-based
receiving stations. That is why special attention is paid to the information
capaeity increase in complex experiments, preserving the information capacities
of the service satellite systems. This refers mainly te experiments involving
studies of the structural parameters such as space plasma, solar wind and pla-
netary atmosphere.

The problem of increasing the information possibilities in sateilite experi-
ments could be considered in two aspects, namely:

— The necessity to compress the information taken by the satellite, aim-
ing at the decrease in the number of telemetric channels used. In this man-
ner the possibility is created of performing new experiments and of using
classical equipment for new additional measurements.

— The necessity, when a definite type of telemetric system is available
(with limited information capacity), o establish conditions for recording data
in special iime intervals. This is the so-called intermediate information storage.

In the case of information compression the data are transformed so that,
with quality preserved, the energy or the frequency band during emission is
decreased, or the memory volume in data storage is reduced. The “shrink”
efiect cannot he determined simply as it depends exclusively on the methods
of primary data presentation. Usually, with a given source whose limits are
known in advance, this effect is evaluated by the degree ot approximation to
a minimum admissible volume to secure the informative capacily of its data.

There are three methods of information compression which are used more
frequently. The first one is based on statistical coding and is subject to the
theory of information. In this case the discrete data cbiained through the
phenomenon recorded are presented wilh the help of a definite number of
symbols. During the statistical processing the volume of data stored is decreased,
as the quantities which do not contain information for a given parameter are
reduced,

The second method of compression is known as the interpolation and ex-
trapolation method. Its effectivily does not differ from the first one, but it is
easier to perform and can be applied successfully in cases when fhe parate-
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ters of the source are not fully known. This method usually involves partial
approximation of the initial characteristics to a known simpler function. After-
wards, insiead of the entire characteristics, only the parameters specifying each
sector of the approximating curve are transmitied [1],

The third method is applied usually in statistical measurementis. In this
case the experimenter is interested not in the momentum quantities of fhe pa-
rameter observed but ip its mean value, dispersion, derivatives, etc. The r1e-~
placement of the initial parametric totalily by some of its characteristics is
designated as parametric separation. This resvlis in rapid volume reduction of
transmitied or stored data. Typical of this method is the performance of incon-
vertible initial data transformations. So ihere are some doubis as to whether

it can be taken as a compression methed. it is clear that Lhe final result makes

it possible to relate this method to the one described above, notwithstanding
the fact of the qualitative transition io a new datfa totality |2, 3, 4| This me-
thod might require verification of the agreement beiween the data obfained
during the experiment and the mathematical model of the phenomenon. It is
a problem soived basically by statistical methods in the ground-based receiv-
ing stations.

In addition to the above meibods there are olhers which, through one
designation or another, could be related to the types already listed but which
possess their own specificities.

By way of example we shall consider the information compression in
probe methods of plasma diagnostics. These methods are used in studying the
vollage-current dependence of conducter {probe) immersed into the space
plasma. Usually a linearly changing voliage is applied to the elecirodeimmers-
ed in the plasma, and measuremenis are laken of the probe currenl of the
input of a DC amplifier connected with the electrode {collector). The sawtooth
sweep and the current signal amplified and iransformed inic voltage are
recorded simultaneously. It is obvious that in order to transmit ithe volt-am-
pere characieristic thus obfained we need felemetry wilh sufficiently big capa-
city. This restricts the experiments performed on the same carrier and is not
admissible, taking into account the fact {hat the probe measurements are usually
accessory. In this case, the use of the equipment described in [3] to determine the
ptobe characteristic derivatives reduces many times the volume of the information
transmitted, The method described in [3] and the equipment initially used on-
board the Ariel-1 satellite are interesting irowmn the point of view of the pos-
sibilities provided for fully utilizing the Langmuir probe specificities. Measure-
ments might be taken in this caseof ihe thermal jon densilies and temperatures
fion trap) or of the electron densities and temperatures (electron probe) in
the ionosphere. ’

In the equipment considered use is made of the fact that the information
necessary for the voli-smpere characteristics occurs in a tore suitable and
reasonable form if one deals with the curve derivatives.

The expression for the curve sector related to electron retarding can be
presented as follows:

3 aba? ety . A
lo=len €XPD kT‘__ —iy—ip,

where {J is the probe potential (negative} with respect to the space potential;
and i, and i, are the positive ion current and the photocurrent, respectively.
As U is negative, the i, and i, currents change with the change of L/ much
less than the current #,. Then we obtain after differentiation by U/
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as well as

2 19
E: 2= (Ffe) le,
theretore
e'; kT,
e T -
i, 2

For the linear part of the semilogarithmic characteristic this ratic is cons-
tant and its transmission by the telemetric system requires much smaller dy-
namic range than is the case when the curve itself is transmitted, Besides the
electron temperature we can obtain the electron density, as this value corres-
ponds to the refraction point of the characteristic.

The circuit used to obtain the derivatives is shown on Fig. 1. In order to
determine the slope and the curvature of the characleristic, two voltages with
small amplitudes are amplified and mixed. If the AC voltages are presented in
the form of U/, 0s (w ¢+ &) and C,cos {wyf+ey), Where w,<w, then the ex-
pression for the current / could be written in the form of a row

f=ly +- 7| U, cos {m -+ e3) Uy cos (gt -+ 6}
-+ 'Ee,I Uy €08 {wyf - &)+ Uy cos {0yt +8)]B-| +--,

where the currents and their derivatives relate to values corresponding to the
DC voltage value along the sweep at the moment £

In this way the amplitude of the componeni with angular frequency
wyU ) yields the vaiue of i, In the ciccuit an automatic adjustment of gain
is ciliployed to keep constant the outpui signal of the first amplifier. The va-
lne £, which changes within broad limits is determined by the voltage of the
automatic adjustment circait. The quadratic ferm in the expression contains the
component

2U,U; c0s (o, f+-8;) €OS {eof--£4) i,

Therefore, the second output signal gives the modulation relative depth which
is proportional to 2U i,

The circuit shown in Fig. 1 differs from the one used in Ariel-1,

The reasons for making the given circuit complicated lie in the inconve-
nience of the suggested method. Actually, the above reasoning assumes that
aiy deviation of the current carriers from the Maxwellian distribution would
occur i instability of the ratio #//7 and could be identified. In the general

case, this is not observed even at net electron measurements where a shatp
carrier potential change (in transition from light to nonlight orbital sector and
the reverse, when other items of probe equipment are operating on the same
carrier-satellite) could result in operation out of the linear-logarithmic region
of the volt-ampere characteristic.

On the other hand, any occurrence of & new iype of positive ions is ref- -
lected in a new slope of the volt-ampere characteristic for the ion measure-
ments. This makes it still more difficult to decode the type of the characteristic
derivatives, In general, the unavailability of the authentic volt-ampere character-
istic is an essential defect which constitutes a specific feature of the third type
of methads for information compression. ;



To a certain extent the reliability of the method {4,5] could be increased
by telemetry through given sufficiently long time intervals and the authentic
volt-ampere characterislic. Furthermore, as shown on Fig. 1, i is possible to
use the same number of telemetric channels. The full equipment description for
Fig. 1 is given in [6].
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Fig. 1. Circuit dingram: DC — diode commutator, T — trigger, SP Is and SP
165 — synchropulses, C — converter

Everything said until now refers to the first aspect of the problem of
information possibility increase in satellite experiments.

If we continue developing the case presented in Fig. 1, we shall notice
ihat all observations relate to direct data transmission regime, when the tele-
metric system information possibilities are sutficiently large. When we pass io
data memory regime, basic for most of fhe satellite experiments, the number
of points transmitted per time unit from the characterislics of inferest decrea-
ses rapidly.

In probe experiments the interpretation is impossible in the case of a small
number ot points (e. g under 12). That is why experimenters reach a compro-
mise solution — decrease of the number of characteristics used at the expense
of an increase of the number of points transmitted from a separate characte-
ristic. This is the second aspect of the problem of information possibility in-
crease, as mentioned in the initial part of this paper, namely, the establishment
of record conditions in determined time intervals of interpretable data. The
other denomination of this method is infemediate information storage.

The method consists of the following [7]: Over a certain period of time
discrete measurements are performed with relatively large frequency of discre-
tization, after which values obtained in the discrete imeasurements ate trans-
mitted over a period of time several times longer than the measurement pe-
riod. Thus we obtain a picture of the measured voli-ampere characteristic,
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stretched in time for esiablishing, under the above condiiions, in order to in-
crease the number of poiuts transmitied at the expense of the number of cha-
racteristics taken down.

The block circuitry of such a memory device designed on the basis of the
intermediate memory method is shown on Fig. 2. For considerations of con-
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Fig, 2. Block-diagram of the memory unit: MO — master osciflator, § —
electron switch, S-C — synchronizer-converter, ADC — A-D converter, BC-256 —
binary counter, DV-8 and DV-256 — dividers, AMV 1,2 — multivibrators, DAC —
D-A converter, RAM — real access memory

venienice the operation is described based on a concrele circuit version. The
master oscillator {MO) with square angle oscillation frequency of 65,563 kHz
feeds the eleciron swifch (S) through the divider {DV-256) with square vol-
tage frequency of 256 Hz. The swilch S is maintained by a synchronizer-con-
vertor (8-C) {3] at the inpul of which & synchronizing voltage “meander” type
Uy enters with a 2 s period of repelition (Fig. 3a). At the ouiput of the S-C
we obtain voltage Us ¢ as shown on Fig. 3b. Therefore the record time
T weme {1 sec in this case) of the controlling input of the switch S has a lo-
gical “0” and the reading time Ti..q(8 s in this case) has a logical #1”, In the
time interval “record” 256 strobes are fed Vs {Fig. 3d) through the astable
multivibrator AMV | to the A-D converter (ADC), i e. at the rate of 256
measuremernts per second. At the same time, through the binary counier, up
to 256 (BC-256) RAM memory addresses with organization 256X 8 {Fig. 3¢)
are involved. As in the concrele case use is nade of RAM type 110%ta with
access time of abont 1 s, there immediately follows a trapsformation time re-
quirement of ADC 1 s. As seen from Fig. 2, the A-D converier is of 8 bits
with parallel outpul which feeds the memory. The conirol voltage from S-C
feeds the bus READ/WRITE (R/W) as during the record there is a logical
“1” at the input R/W and a logical “0" during reading.

The recorded information is transmitfed after the measurement (7Tre.s). The
switch S is in position 2. The irequency divider DV-8 reduces & limes the

7



frequency of the memory addresses involvement. The delay line DL is neces-
sary to shift the strobes [/ss {Fig. 3d) from the astable multivibrator AMV, to
2 s with respect to the pulses controlling the addressing counter BC-256 (3¢).
This necessity arises from the time of memory access. So at the input of the

Fig. 3. Operations scheme

D-A converter {DAC) the 256 measured values enter with Irequency 8 times
lower and converl again in analogue form. The DAC is necessary only if lhe
telemetric channels by which the information is transmitted are in an analogue
form. In case they are digitals the DAC drops out of the circuit.

As the suggesied intermediate memory device is used in different probe
experiments with different types of volt-ampere characterisiics, it is very dif-
ficult to determine simply according to Kotelnikov’s theorem ihe necessary
number of discrete measurements. That is why, on the basis of the siructure
shown in Fig. 2,'i{ is possible to use storages of different capacities, as the
frequency of the master oscillator and the capacily of the addressing counter
would be subject fo change. _

Besides that, in the availability of digital telemetric channels, it is pos-
sible to use several telemetric channels simulfaneously, especially in data trans-
mission, with a cerfain complication of this structure. When we dispose of a
microprocessor with an appropriately given programme (e. g. by first or se-
cond derivative change) the possibility arises of processing the volt-ampere
characteristic recorded in the memory and of transmitting information only for
special points from it.

Conclusion

The devices discussed above have been developed at the Ceniral Laboratory
for Space Research of the Bulgarian Academy of Sciences. Notwithstanding the
fact that they are infended for probe measurements, the principles involved
in their design could be employed in any type of space research where the
final result is an analogue signal {volt-ampere characteristic). The reasonabie
employment of the possibilities of increasing the effectivity of space experi-
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menis would lead to the full use of the experimental technique and equipment
and of the satellile system. This could open up an entirely new stage in this
field, particularly in routine space morphological measurements.
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[onuiuenne MHQOPMAITMOHHBIX BOBMOKROCTEH
HAYYHLIX COYTHHKOBHIX SKCHEPHMEHTOB

K. B. Cepagunos, C. K. Hanwenos, T. f1. Heanosa, H. b, Heanos

{Pesoae)

Ha coBpevenHOM 3Taue HCCAEAOBAHHA KOCMOCE H3YYAIOTCH CBASH MOXIy ABIAS-
HUSIMH, YCTAHOBJIEHHBIMH NPEXHUMH W3MEDEHHAMH, ¥ BAKOHOMEPHOCTAMH B OKO-
703€MHOM KOCMHYecKOM npocrpascTBe. IT0 TpeOyeT OCYLIECTBACHUA KOMIAEKC-
HbIX HAYUHBIX SKCIEPUMEHTOB. Pe3K0 BOSpACTaeT MOTOK HAYYHOH HHODMALIHH,
KoTopas NMepenaercs Ha RasemHble IPHeMHBie CTAHLKY. la STOM 9Tane npuxo-
JWTCR PeliaTh BOTMPOCH], CBA3AHEbIE C YIUIOTHeHHEM MHQOPM2IUOHHLIX KAHEAOB;
¢ CKATHRM fepejlaBaemMoro HHQ)OPMalUMOHHOTO NOTOKA, KOTAZ STO BOSMONHO H
nenecooGpasio, HHBIMU CACBAMH — C (OBhlUExUeM HHODOPMAUHCHHHX BOSMOX-
pocTell HAYYHHIX CHYTHHKOBBIX SKCrepuMeHTOB. KOPOTKO paccMOTPEHBI HEKOTO-
pEe MeToAbl CxaTHa MH(pOpMaLUM. AHANUSHPYETCH a(hdexTHBROCTE TpenBapu-
Tenpsoit 06paboTku undopmanun. B kayectse rnpumepa paccMOTDEH uacTHBIN
cayuall — KOCMHYECKHH B0HJOBBIH HAYYHBIH BKCNEPHMEHT. Paccmarpusaiorcs
HEKOTODbE BOHJOBBIE CUCTEMBl C NPEABAPHTENBHOMH o6paboTkoi cursana U HX
neGopMatOEEbIe BO3MOKHOCTH,
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On the Possibilities of Digital Method
Applications in Probe Space
Experiments

§. Chapkunov, V. Genov, V. Markov

Recently the digital methods of information transmission find greater applica-
tion in radiotelemetry, replacing the analog ones. That is due to the success-
ful development of the pulse-digital technique and to some advantages of the
digital systems compared to analog ones. The information signals {rom the
ionospheric scientific experiments are analog in their majority. In order o be
transmitted by the digital telemetric chaunels, it is necessary for the dynamic
range of the analog process to be divided into a finite number of subregions,
i, e. to be quantized by level. When the value of the measured quantity falls
in some of the subregions, a value approximated to the closest higher or low-
est level value is transmitied. If instead of this approximated value the num-
ber of the subregions is transmitted, then this method of transmission is ecall-
ed digital. A reestablishment of the quantized instantaneous signal value is
performed in the receiving part through various methods of interpolation. The
basic advantages of the digital methods, justifying them as a real and proimis-
ing way to transmit information are: possibility of fncrease without informa-
tional losses, easy transfer and storage by one memory device into another,
direct introduction into a digital computer, and possibility 1o increase the noise
resistance of the system while introducing coding of informational excess.

The objective of this work is to evaluate the application possibilities of
the principal digital methods in analog-digital informational transmission from
direct probe space experiments.

We discuss and compare methods for: (a) pulse-code presentation with
uniform quantization; (b) relative (difference) presentation; (¢) delta-presen-
tation.

Two determined probe signals are processed under linear and step inter-
polation,

We should note that the paper deliberately avoids the analysis of the
adaptive informational presentation methods. The reason being: the relative
complexity of equipment in the receiving and emitting part when using these
methods; the variety and the relatively greal possibilities of these methods is
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S“bfﬁct to a separate analysis which could be further developed in another
work.

The first analysed signal is the classicat volt-ampere charactetistic of the
Langmuir probe, The curve in Fig. 1 is a typical characteristic obtained dur-

10 nl'e
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Fig. 1
a — Typleal characterlsiics obtatned duting the operation of the Bul-

garlan  probe equipment mounted onbeard the Vertiesi-5 rocket (I877);
b — The transformed characteristics of Fig, 1a

ing the operation of the Bulgatian probe equipment onboard the Vertical-6
rocket (1977).

Figure 1b shows the iransformed characieristic of Fig. la taking info ac-
count that the sweep is linear and with period of 1 s.

The analysis and conclusions from the characteristic shown are valuable
for the digital transmission of volt-ampere characteristics in general.

The minimal and maximal electron probe currents are, respectively,
L min=0.16 10 A and [y mar=7.75X10~% A. The maximal input level of the
telemetric system Uiamer==6 V and the minimal Uy min= Uy =I5 miys —j—“i—

e max

—0.127 V. The sweep voltage at values shown in Fig. la would be described
by the expression Vew=—2.2+5¢ (¢ changing from 0 to T), and the exponen-
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tial sector of the V-A characteristic can be presented analytically by the ex-
pression

£
& Ut)==Us.exp (58], o i,
£
where k- o 7.73.
(2) U(t)=Uq.exp k (--2.2+458)= U, . exp (— 2.2k +5 kt).

Furthermore, all conclusions would be drawn for the exponential part of
the V-A characteristic, as it is the limiting secfor in analog-fo-digital iransfor-
mations.

The main parameters characterizing the digital signal presentation are:
quantization level number, quantization step and discretization frequency.

When determining the quantization level number M and the quantization
step dk, we start from the expected dynamic signal range and the mnecessary
accuracy (error) of quantization. We accept quantization error— I per cent.
The maximum relative error and the mean-quadratic deilection are, respec-
tively

dg  dg i

) dgmex = o7, Shdg =M
and
1
4 e 1
{4) ? NN
where dg — quantization step;
Us — signal dynamic range;
Us:{fmax‘“Umin
M — quantization level number,
hence
I 1
) M= 5 =607 =50

but M=2", therefore we chose the closest multiple to the 2" number —
M=64. At 64 levels the mean-quadratic error from quantization would be
y3=0.46 per cent, -

The guantization step is equal fo

©) dg=5.-95 103V,

At uaiform quantization, the quantization level is placed in the middle of the
quantization interval. The absolute error obtained in identifying the instanianeous
value with the quantization jevel is

(7} gg=4q—4,

dq — quantization level;

A —- counted instantaneous value,

And the maximal absolute quantization error would be
(8) | &g !rnax == %‘

I2



The discretization frequency of the signal described in (2) is defermined by
its correlative funciion. This frequency should be withiy the limits 1.5 to 6 of
the discretizaiion frequency defined by Kotelnikov’s theorem

{9) Fy=(1.56)2 forr.

The amplitude-frequency specirum width is obtained from the spectral
density, calculated from the formulae in (1), in our case A fer=-30 Hz.

We should underline that the discretization frequency can be determined
more accuralely by the relationship between the interpretation error and the
signal correlative function.

When interpolating the examined signal with a polynomial of first power
(step function), we obtain: :

discretization period 7,=0.004 s,

discretization frequency [F,=250 Uz,

informational’ transmission rale f=F,.m=1,500 bil/s.

At interpolation of the informational signal with the Lagrange polynomial
of second power we obtain 7,= 0.0078 s; F,=130 Hz and /=780 bit/s.

In ditferential methods of informational presentation the difference bet-
ween two instantaneous values sampled in two subsequent discretization in-
stants is quantized. These methods are valid only when there is a considerable
decrease of the emilted informational quantity. It is obvious that the uniform
difference representation could be valid when the signal fluctuates fast wiih
small amplitudes and slowly changes within the limits of the full scale.

Therefore, the differential presentation is valid if an informational com-
pression is obtained, i. e. if the difference between coordinates is encoded
with less symbols than the discrete instantaneous value

{10} Mg = 1 -— Ay,

where mg, is symbols number in the difference coordinate,
m — symbols number with which the discrete instanianeous value is
transmitted.
Amg=E — where E is a full number minimal in the discretization range.

1 1
(11) A thg- 5{2 log, 2[1—2:}(?011}’
where BT, is the reduced signal correlative function.

For the case {Fig. 1b) we obtain k(7T,)=0.85 at step function of inter-
polation and at the above-obiained values of 7, and £, Hence 4m=085 1.
Therefore, at difference presentation the number of binary symbols is the
same one with which the instantanecus discrete valueis given at pulse-code
modulation with uniform quantization.

Upon linear interpotation and difference presentation we obtain 7,=0.0078s;
B (Ty)=055 and Am,<1.

We see that the difference presentation of the symbeol examined is not effec-
tive (at both ways of signal interpretation from Fig. 1), because of lack of
information compression, '

Upon delta-presentation of the signal the discretization frequency has to
be selected in such a way that the function change per unit of discretization
period would be less than the quantization step.

For interpolation with polynomial of first power, the quantization step is
selected by the dependence
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emaxS2dg-:-0.06V,
dg=0.08,
r dg=0.03V,
il for the discretization frequency we obtain
W{EHTH-UD]=dg Fy=1500 Hz,

for the interpolation with polynomial irom second
power

1 il Enax = d? =008V
- | dg=0.068V

Fig. 2. A signal shape from an Fo=720 Hz.
efectron temperature study experi- s . 5 o
ment  with  double modulation The transmission rate of information quaniity in

probe : bath cases of interpolation is approximately
equal to the rafe in PCM, but this is achieved
with much higher discretization frequency and
the accuracy of this presentation method is much smailer becanse of the sum-
ming error efiect irom the different coordinates. For this signal type the
classical PCM method appears to suit best in analog-digital presentation.
In many cases the information from V-A characteristic can be obtained
with greater accuracy by their derivatives. Series of experiments prove that in
practice (2, 3]. The signal shape from an eleciron temperature study experiment
with double-modulation probe is shown in Fig. 2 and can be described analy-
tically by the expression

U(t)=A.exp [_.E%:_ggl?_ ]

t,=05s,

where :
A=6V — signal amplitude,
a=30X10-% is determined by the condition { -{,=a

Ufay=Aexp (0.5).

The processing results of this signal from the three digital methods with the
described fechniques are given in Table I.

As is seen from the Table, it is more reasonable for this signal also to
use classical pulse-code preseniation of the signal at linear interpolation. The
relative presentation of this signal type has small coefiicienis of iniormation
compression (1.5} and upen delta-presentation in transmifting the same infor-
mation much greater discretization irequency js necessary.

In conclusion, we can say thait the digital methods application (namely,
the classical pulse-code presentation} in probe methods is very effective when
accompanied by prior processing of the V-A characteristic onboard the space-
craft, This processing should include the defermination of the first and second
signal derivatives. On ihe one hand, the differentiation decreases the dynamic
range of the transmiited information, while on the other, it increases the ac-
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Tabie 1

g Method of digital Level No. Gnant, Dlser, inf. Compr.
o] presentation of quant, siep frequency trans. coeff
;-% rate
z M 4, vl [Hz) [blt/s]
| Glassical pulse-code pre- 64 95%10-8 | 110 660 —_
sentation |
=l . 1 == . i R T s
oE | Relative (differ) presen- | 64 g5%10 ¥ | 100 500 1.5
= & tation .
§ |— . I ___i‘._ =Y
27| Deita-presentation 200 3010 8 |I 2260 2260 =
Classical pulse-code pre- 64 5% 10 3 54 ‘ 324 —
o | sentation
S |- e - e e e ——— i
8% | Relative (differ.) presen- 64 9514 3 54 270 —
E g | tation
L | = — e s
E
| Delta-presentation 200 60X 10—3 1670 1670 —
curacy of the measured parameters (electron density and temperature) and

faciliates the ground-based compuiing of the telemetric information,
‘Such are in fact the development trends of the probe methods at the
Central Labotatory for Space Research of the Bulgarian Academy of Sciences.
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O BO3BMOMHOCTSIX NPUMEHEHHS HHU(POBBIX METOLOR
B 30HAOBHIX KOCMUYECKMX 3KCIEPUMEHTaX

C. K. Yanxwunos, B. lenos, B. Mapwos

(Pegome)

PacCMOTPEHB! BOSMOMHOCTH ADHMEHEHUs OCHOBHBIX CYHIECTBYIOUIMX METOLOB
ananoro-uudposoro npeotpasosanus AR ABYX KOHKDETHBIX CHIHAJIOB. B xauec-
TBE KOBEKDETHBIX TDHMEPOB BOCIDHHATH K/IACCHYECKAs BOJbTAMIICpHAA XapaKTe-
. pHCTHKE, TONYYAEMAs NP OpUMEHEHMW B0HAa JlemrMiopa, # XapAKTEPUCTHXA,
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flosryademan npH HCAONB3OBARUM ZBOWHOTO MOAYAALUOHHOIG 30HAZ (mna  onpe-
AEAEHUS NA3MEHHOMH 3JeKTPOHHOH TEeMIepaTypsi).

Hacrora JMCKDETH3AlMM, YHC/IO YPOBHEH W LA KBAHTOBAHUS OpH  3alaH-
HOH OlIMGKe ABJANUCH OCHOBHBIMH [ADAMETPAMH Afs CPEABHEHUS NPRMEHUMOCTH
PasAHUHLIX NU(POBBEIX METOMOB.

HcenenoBanss ABYX KOHKDETHBIX HPUMEDOB NOKAZAAH, YTO KJIaCCHYeCKoe
KOR-MMIYNbCHOE MpeRcTaBaende 00JafaeT OnpeXe/eHHLIME OPEUMYIHECTBAMH
KaK 110 CPABHEHHIO C DASHOCTHBIM NPEACTAB/ACHHEM (K3-3d OTCYTCTBHR KOMIpPECs
CH¥ RAHHBIX B JIOCAEHHEM), TAK M [0 CPABHEHMIO C AEABTA-IPELCTABACHHEM (H3-
3a YBeNMHUEHHS HACTOTHl [AMCKPETHSALMK M YXYAUIEHHR TOYHOCTH ODH AeJbTa-
e iCTARNIEHUN ),
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Introduction

The convective motion of the f-region plasma at high latitudes is one of the
most imporiant parameters affecting its distribution and composition. Above
invariant latitudes of about 60° the dominant driving force for this convection
is an electric field that originates ouiside the ionosphere. The eleciric field is
produced in the magnetosphere, or al its boundary with the interplanetary
medium, by an interaction between the geomagnetic field and the solar wind.
The electric field is communicated fo the ionosphere along the Earth’s highly
conducling magnetic field lines. Thus, our understanding of the high-latitude
Fregion plasma motion is not only necessary for a satisfactory description of
the F.region ifself, but can aiso contribute significantly to our understanding.
of the interaction of the Earth’s aimosphere with the interplanetary medium
The existence of very different convection patterns is pointed out here, and
their implications for F-region plasma disteibutions aud for the interaction of
the magnetosphere with the solar wind are discussed.

Observations

Measurements of the high-lalitude ionospheric eleciric field have been made
for several years on satellites {1] and balloons [2] using dipole antennas. De-
tails of the electric field configuration ou relatively small spatial scales are
obtained from optical tracking of barium ion clouds [3]. More recently two and
three dimensional in sify measurements of the F-region fon velocity have given
more information on the nature of the global ionospheric motion [4, 8. These
measurements all agree that the dominant motion of the plasma above invariant
latitudes of about 60° is one of two-cell-convection perpendicular to the magnetic
field. Above invariant latitudes of 70° to 75° the plasma motion is generaily direcied
away from the Sun with telurn flow toward the Sun at lower latitudes, The ion ve-
locity is quite variable but is of the order of 1 km 7! on the dayside and
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500 m s~! on the nightside. In the regions near dawn and dusk the boundary
between sunward and antisunward convection may be weifl defined and has
been 1ermed “polar cap boundary” (the polar cap being the region of antisun-
ward convection). While other definitions of the polar cap exisi, this definition

e

Fig. 1. Horizonial jon drift velocity vectors from AE-C orbit 13269,
The dashed lines represent most probable convection trajectories
drawn by eye. The hcavy solid line is the location of the polar
cap_boundary which is assumed to be coincident with the pole-
ward edge of the aurorai zone

AE-C; loa drift veloclties; Day 76164 ; Qctdt 13260 ¢ Southern hemisphiere
INVEAT V¥ MLT :

is used throughout this work, Near noon and midnight the flow changes from
sunward to antisunward and vice versa, and the definition of the polar cap
becomes less precise. Quite sophisticated theoretical models have been deve-
loped [6] to show that these generally observed features of the ionospheric
convection patiern are consistent with an electric potential difference of bet-
ween 50 and 100 kV applied across the magnetosphere. Simple convection
models, assuming such a potential drop across the polar cap and assuming a
centered magnetic dipole field with electric equipotential field lines, have been
adopted for studying the F-region plasma distribution [7, 8]. Such studies have
proved very illuminating and have made a pesitive step toward explaining some
features of the high-latitude ionosphere. However, many fealures remain unex-
plained due to some severe restrictions imposed by the convection model. The
most severe of these are probably that the econvection inside the polar cap is
directly antisunward and that the polar cap appears as a circle centered al
the geomagnetic (geographic) pole. . |

Fig. 1 shows the horizontal ion drift velocity observed by the RPA/
Drift Meter on the Atmosphere Explorer-C satelfite [9, 10]. The data from the
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scuthern hemisphere pass of orbit 13269 are shown on an invariant latitude
{A4) and magnetic local time (MLT) dial which is in a coordinate system co-
rotating with the Earth. The lines extending from the spacecraft track are in-
dicative of the direction and magnitude of the instantaneous ion velocity. The

Fig. 2. Horizontal ion drift velocity vectors from AE-C orbit 13254
See Fig. | for details

AB-C+ Iom drift veloclifes; Day 76i63; OCrblt 13204 ; Southern hemisphere
INVLAT V MLT

scale is shown at the bottom right of Fig. 1. The dashed lines represent the
mosl reasonebie convective trajectories and have been drawn by eye with
some atlempt to conserve horizonial magnetic flux, While the data reveal one
convective cell, it is not unreasonable fo expect a second ceil on the morning-
side. The data are therefore consisten! with the expected flow patiern. How-
ever, at about A=75° and 20:00 h MLT the flow inside the polar cap is not
directed exactly antisunward, but rather it is directed away from the pole with
a small component parallel to the noon-midnight plane and directed lowards
midnight. The arrow marks the boundaty beiween flow compomnents that are
sunward and antisunward. It should also be noted that the noou-midnight me-
ridian does not mark a line of symmeiry in the convection pattern. This may
be due to lack of symmetry altogether or to the fact that the line of symmetry
has been rotated towards later local times,

Figure 2 shows the horizontal ion velocity vector observed by AE-C on
the southern hemisphere pass of orbit 13254, While the location in invariant
latitude and magnetic tvime is very similar to that shown in Fig. 1, the con-
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veciive sighature represerited by the dashed lines is very different. The varia-
bifity ol the obsetved ion velocity in the 20:00 to 21:00 b MLT sector is
due to the passage of the satellite along the poleward edge of the auroral
zowe. This boundary is shown by the heavy solid line in Figs. 1 and 2,andis
also representative of the polar cap boundary. These dala are a dramatic example
of flow in the polar cap which is not antisunward but eastward in most of
the 18:00 to 24:00 h MLT region. The difference between the flow geome-~
tries in Figs. 1 and 2 is most clearly seen at 20:00 b MLT, where the flow
in Fig. 1 is directed away from the pole and that in Fig. 2 is directed towards
the pols. Similarly, at local midnight the flow in Fig. 1 is direcied antisun-
ward afile in Fig. 2 it is easiward.

Implications for the F-region

The different F-region plasma distribulions that might result from these two
convection patterns may be appreciated by considering, in the iwo cases, the
history of the plasma at 23:00 h and .{=73° just before il enters the auro-
1al zone. In Fig. 2 it would seem most likely that this plasma will move pa-
rallel to lhe polar cap boundary in the auroral zone. It will enter the polar cap near
19:00h MLT and then move towards miduoight paratlel {o the polar cap boundary.
1t re-enters the auroral zone at about 23:00h MLT. The plasma on-such a ira-
jectory is therefore never subject to the solar ultraviolei lonization. A time of
about two hours may be estimated {or the complete convective patl, at least
hali of which is spent under the influence of energetic particle ionizatien. In
Fig. 1 the plasma will again move paralle]l to the polar cap boundary in ihe
auroral zonme but will enter the polar cap at some magnetic local {lme near
09:00 h, It then moves antisunoward in the polar cap before re-entering the
auroral zone at about 23:00 h MLT. A time of aboul four hours may be es-
timated for such a convective path and the plasma will experience both the
solar ulira-violet ionization source and the casp and night time auroral zone
patticle sources. It shouid not be surprising that under idemiical auroral zone
conditions over an order of magnitude, difference in observed total ion con-
centration may be expected at 23:00 b MLT just before the plasma enters the
auroral zone. It has been assumed here that the jon velocity in the polar cap
is uniform. There are even grealer conseguences to the F-region plasma dis-
fribution if the convection pattern of Fig. 2 represents a redistribution of the
poiar cap eleciric potential so that the plasma flows rapidly paraliel to the
polar cap boundary at the expense of very slow plasma flow in the middle of
the polar cap. Then the plasma in Fig. 1 thai convecis lhrough the dayside
casp may reach A-=80° at midnight about ] h later. However, the same plasma
flowing aceording fo Fig. 2 may take many hours to reach the same location,
leading to total ion concentrations that may differ by 2 or 3 orders of mag-
nitude. Only the effect of the plasma convection on plasma in the polar cap
has been discussed here. However, very subtie changes to the convection pat-
tern can have dramatic consequences for the plasma distribulion in the region
of A=060° The symmetric centered convection model used in [7] and [8] pre-
dicts the existence of a flow stagnation point at 18:60 h MLT and about
A-=63° Unfortunately, such a location for the stagnation point cannot success-
fully explain the observed characteristics of the mid-latitude F-region trough.
However, it has been shown [11] that a convection pattern similar to that in
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Fig. 2 cau move the stagnation poiut to magnetic local times as late as 23:00 h.
Under these conditions theoretical models are in a position to reproduce many
of the mid-latitude trough characteristics. '

Implications for the Magnetosphere

The existence of field aligned currents and large field aligned potential diffe-
rences [12, 13] makes the assumption that electric equipoiential magnetic field
lines exiend from the ionosphere to the magnetosphere extremely dangerous.
It would also suggest that the mapping of observed F-region eleciric potential
distributions info the magnelosphere is of dubious value. However, if it is as-
sumed that the flow configuration near the F-region polar cap boundary is at
least qualitatively similar to the flow near the corresponding boundary in the
magnetosphere, then the F-region observations may become exiremely useful.
Whether this corresponding boundary lies at the magnetopause or inside the
magnetosphere depends on the nalure of the interaction of the magnetosphere
with the solar wind. The flow configuration of Fig. 1 suggests that there is a
substantial flow across the polar cap boundary throughout the nightside. This
may imply that in an open magnetosphere a region of reconnection extends
across a substantial portion of the magnetotail. Alternatively, it may indicate
that the “viscous interaction” associated with a close magnetosphere gradually
weakens as the plasma moves down the tail. Figure 2 would suggest that in
an open magnetosphere a region of reconnection fu the tail occupies only a
small region near tocal midnight and that all the antisunward couvecting plasma
converges towards this point under the influence of the solar wind electric
field. Alternatively it may suggest that the degree of “viscous interaction” in a
closed magnetosphere is very strong and that the boundary layer flow extends
well down the tail it should be pointed out that the existence of a boundary
layer flow and an open magnefosphere are noi muiually exclusive. The situa-
tions described here represent the classical extremes of open and closed mag-
netospheres.

A quantitative description of the F-region plasma distribution depends not
only on the convective motion of the plasma but alsc on the details
of the different sources and sinks of ionization that are encountered
during the convective motion. It is therefore important to establish the rela-
tionship between particle precipitation zones and plasma convection patterns.
While it has been sthown that very different convection signatures can be ob-
served, there is no evidence offered for the stability of these patterns on time
scales of the few hours required for their completion. It may be contidently
expected that the convection patterns depend on substorm activity and other
selar and interplanetary maguetic parameters which change on time scales of
1 hout.

The construction of a model convection pattern which may represent the
observed flow characterisiics under given solar and maguetic couditions is of
great importance to successiul modelling of the high latitude F-region.

The understanding of high-latitude F-region convection will not shed light
directly on the nature of the interaction between the magnetosphere and the solar
wind. However, the behaviour of this convection and its relationship to the field
aligned current distribution and energetic particle precipitation zones may help
to assess the relevance of such data to magnetospheric processes. In particular,
the behavicur of the /region plasma flow near the poiar cap boundary as a
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function of substorm activity and changes in other solar and magnetic para-
meters may well be indicative of the veriability of the magnetosphere-solar
wind interaction, The needed in sifu measurements of the magnetosphere and
solar wind are, or socon will be, undertaken. Simultaneous measurements of
eleciric fields, plasma motion, field aligned currents and energetic particles in
the ionosphere will be undertaken by the Dynamics Explorer Satellites and by
Intercosmos satellite payloads. The data from these salellites will prove valu-
able to the advance in undersianding of the dynamics ef the high-latitude
iohosphere,
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Konsexima 1asMbl B BBICOKOINHPOTHOH F-o0aacTu
P A Xuauc

{Pesione)

WaMepenud ckODOCTH HOHOB B BEICOKOWIMPOTHON F-06NacTé [OKAsHIBAIGT, YTO
KOHBeKIUA MOMET HMEeTh AOBOJLHO PagHylo xorpurypanyio. [Ipu naMeneHuM Kou-
GUTypALMHE KOHBEKIHY MOMXHO OXUAATH B N4HHOM MeCT€ DASHHLBI B HOBHOM
HOHUSHTDAIUH HE HECKONBKO NOPAAKOB. 3TH H3MEHeHHs, BEDORTHO, ABJARIOTCH
pe3yNLTATOM DasHOH CTemeHd B3auMOJeHCTBHR MeX Iy Marvurocepodl ¥ coJ-
HEYHBIM BETDOM,
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Delta-Modulation Digital Processing
of Videoinformation

D. N. Mishev, P. V. Petrov

The differential method of analog signal one-bit coding — the delta-modulation
(DM} —is largely acknowledged as a meaus of economical digital ‘coding in
data transmission through a communication channel. The advantages and ihe
shortcomings of the method in this respect are widely known [1, 2, 3] Recently
certain reliability consolidation of the delta-modulation as a method of informa-
tional coding has been noted [4] and first atiempts at DM digital processing
have been made [5,6,7, 8] but they were more of an incidental rather than
systematic nature.

On the other hand, because of the lower rate of the DM binary digital
stream compared fo the normal or logarithmic PCM at adequately satisfiable
quality of coding (referring to the signal-to-noise ratioc SNR} and of the consi-
derably simplified instrumental design compared to other coding methods {for
instance DPCM), we may consider the DM method as particularly favourable
for videoinformational digital processing.

The purpose of this paper is to present a systematic overview of the DM
possibilities in digital processing in general and to consider some specific pro-
cessing properties of this coding type. As far as the authors are informed, this
may be a first approach of that kind.

1. Ditferential Calculations and Delta-Modulation

The differential algorithms with finite number and step size represent a signi-
ticant portion of the contemporary digital methods applied with finite state
machines (both in step and operational number).

While the ditferential calculus provides the principles, it can be shown
that the . DM is a natural basis for applying these principles in a general sense.
For instance, we can find analogy between the differential algorithms of a
uniform set and the synchronous DM or belween the differential calculus of
nonuniform interpolation sets and some specific types of asynchronous DM. The
linear synchronous 1XM represents the input signal only by constant finite
ditferences [1] although there are varieties (adaptive and/or asynchronous)
[S, 10], where these differences are distinguished between themselves. The
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inear DM does not represent the input signal itself through the tinite diffe-
rences of the I1st order but rather its linear interpolation (with splines of the
Ist order, therefore the macrointerpolation, as far as they interpolaie among
themselves in certain cases, is of “zero” order), and the accuracy is provided
on account of the increased clock frequency (i: e. increased number of interpo-
lation blocks),

Let us consider & function of a variable determined over a discrete set
of equidistant points, i. e.

(li) {f:’flfk’:f(x(]':"kk)! k-TCOHSt}kem,
(1.2) X={xp X,— Xg-kA, F=constlrecm
(1.3) M={m |m|e No}), Np--10,1,2,...,

where M is the index sei of the interpolation set.The differential operator can
be determined [11] as

(1.4) Aflery=fx:- b )= f{xd) = frrs — 1o

The differential operator contribution to the various arithmetic processes is of
particular importance to the further examination of the relationship between
the signal digital processing and the delta-modulation processing system. This
opetrator is linear [1]. Ifs effect on products of lwo functions, for instance, can
be represented by

(1.5) Y=y

Ay = Ao )= et dy = @ b+ g iy,

The operator for the n-th derivalive can be represented as (1.8) [12, 13]
based on the differentlal Table ior uniform interpolation set and sufiiciently
differentiable function

28 i n i 1 1 n
(I.6) (;;E— .r? hl(l ‘I‘/Iy)l 2 .'-;?:H (/jy- '—é' /Jay‘i__s_ Aay =4 ) ')
x,‘EX.
Then for the first derivative it yields
Sl
(1.7) Yy 4V,

as approximation for functions wilh 'finite spectrum at suificiently populated
interpolation set or

(1.8) HM> A,

where HAM is the cardinal number of the index set and A depends on the
spectrum type, i, e. condition {1.8) is equivalent to sufficiently large clock-
frequency in the DM processing system

(1.9) ol o

where f; is the clock-frequency of the DM system.

There are other types of numerical differentiation [12], appropriate to the
given case. |

At functions of fwo arguments z=f{x, y), which represent the natural
generalization of different picture types, we can deline by analogy (1.4) a linear
differential operator [12, 14]. Referring to the latter, the interesting processing
cases, e, g. (1.5), (1.7), can be generalized as well. ' ]
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The prediction process in delta-modulation models another approximative
curve with spline functions of the respective order, following the main process
in the discretization points

(1.10) o, | = sign (G —yi), ze{=1, 1}
‘ "\ yie= g1+, b, ke=const,

is valid for the linear DM, where 6% is the delta-transformation of the analog
signal, x (¢} by the DM coder with A-step and duty cycle interval :=fi; v, 18

the approximated signal respective value ¢,=c¢(¢) and z, is ihe delta-modulalos
output jump, hormalized to the step, prior to encoding into a binary code. The
approximating process y; can be represented as resulting from the two corres-
ponding sequences of the differeniial table for y, and the specitic feaiure of
the Table is the fixed value of the first difference,

The differences available in the differential tables for the input signal and
the approximation would result mainly from the distortions within the coding
process, i. e, from the quantizing noise and from the slope overload noise. [f we
average within a given tinite interval T=nz by the dependence

e dss

(I Al ) '/fym - ym-l—l "‘ym =k ‘2:‘ 2y
f={m— 141

i. e. if we build up the first two columns of the differential table over the
depopulated interpolation set x7-- x7, where the dependence

¥
(1.12) H xp=

is valid, then between the cardinal numbers of the index sets there is a cer-
tain approximation of the two tables in the case of optimal signal quantization
¢ () {with respect to the signal-to-noise ratioc — SNR). Otherwise, ihe approxi-
mation differentiational table would appear in a rather tough fornm, compared
to the input signal table.

By analogy, in other DM types there is an interrelation belween the out-
put sequence of the DM coder variations

(1.13) 20:.={2Vien
and the differential table of the input signal, respectively.

2. Delta-Mcdulation Operations

If we satisfy the familiar requirements [15] for an optimal DM coder, we may
consider x¢ for an accurate digital representation of x? by amplifude.

The delia-transtormation of the input signal ¢ (f) can be represenied as a
binary sequefice

2.1 d:={Bhien, BE{0, 1},

where NV is the index set.
Ii f(f), u{t) and v{f) are the actual input signals, represenied by time
functions with g finite spectrum, and their DM {ranstormations are 8(f), é{w)
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and é(w) and the operation F4=0U+ VY is effected, the processing could be
subdivided inio three classes depending on the result type,

a) the output gives the finite diiferences, AFG—FG —F7 in digital form
coded into 1he respective binary code.

In that case the process can be represented as an output of a ditferential
coder with a pulse-code modulation (DPCM) which ‘encodes the respective
resulting signal, composed by the DM approximations of signals and u(f)
and v(?) :

{2.2) ZIF?; g (Siz, dw, #);

b) the output is represented in DM type Bl=v (BY, BY+), where B/, BY, B?
are respeciively the i-th binary symbols from the corresponding seguences, i, e.

(2.3) of - -p (Bu, 8w, #);

c) the result is represented as a DM approximation F7 before or affer

LF-filtering, decoded respectively, i e. both result processing and decoding
are effected

(2.4) F9 -y (du, dv,+).

Both cases (a) and (b} permil uniquely the direct digital representation of
the signal in the respective system code (by accumulation of /¥ from {(2.2)

and {2.3)). Case{c) is valid when the transformation y is invariant WIth respect
to the binary sequences du, dv or to their resultant and the operation = is
mostly realized by variations of ithe DM decoder parameters,

3. Spatial Invariant Transformations of Pictures

The picture [=B(x, v} can always be represented through a screen scan-
ning system as a function of one argument B{f)= Blx{f), y(f)] through the
evolved functions f.(f), fy (£} [16, 17, 18], where

3.1) Ur=U[B{B)]- U{B[x(2), ¥}

is the output signal of the screen system.

Let transformation ¢%(U) be effected by the DM decoder (1.10). It will
transform the continuous signal of the evolving system u(¢) into the binary
sequence du

(3.2) 88w (8) — duld).

Theretore, the picture [ is transtormed into the sequence du, through the com-
position of the screen system and the DM coder (Fig. 1). When decoding the
du by appropriate decoder (6¥)~! the signal U7(f) could be obtained which

corresponds to the picture /. Thus the spatial invariant operations concerning
contrast variations, inversion, peculiarity outlining, and quantization [20] can
be readily effecied.

We call spatial invariant operations those which accept transtation i e.
when the operational composition over the picture ¢ and the translation 7,,
are commutative [19].

If the operation ¢ is such that ¢[f(x, y)] depends uniquely on f{x, ), i e.
there exists an x(f) such that

(33) @ {fx =2l =z (/) vf¢o vl es
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is valid, where ¢ is the picture set within which the operation ¢ is realized in
the definition region of §, then @ would be the by-element operation for the
picture /, If x is linear and of the {ype

(34) x:x(f.-'):“p'fx"

iy

LS - - i
4_,' ;J.(r mLL\
o
— L
Ly | vz B : L ¢ L) B L o e W -t
Fig. 1. Plcture 1 is trausform- Fig. 2. Spatial invarfant transforma-
ed into the sequence du tion of picture by the composition(3.5)

t could be easily effected by the composition beiween ihe direct and reverse
DM transformations.

(3.5) 5? o (5’:1)—1
accordgge to the scheme
3 {6?‘2;1 =

T

Ix ¢
(3.6) == U(f)—> 6,—— U(H—> 1.
The new signal {/'(#) amplitude will attain the value

: 2
(3.7 i Ay=4, };;‘:AOF-

Obviously picture / is transformed into /' (3.6), where @:/— I' and @[ f(x, ¥
=x(fi{x, y)=Af; as far as the picture / geometry is not deformed, o is the
spatial invariant and actually

wfco, ik €S, Tap ol = Taslbfi)=kf; (x—a, y —0)=k(Tan(f1)
(3.8) =@|Tas (= Tapop—@o Top

Figure 2 shows the cases p>1, p< 1. Under operation we understand precise-

ly the composition (3.5), i. e. the realization of the linear by-element opera-

;] e ) tions of the type y by DM is adequate to the signal coding

e 1 of the evolving system [/(#) by the point 8¢ in the plane

) i of the linear DM transformations and its reconstruction at
U)" *—U®)  poini 6* from the same plane {20}

This type of processing is of the class (2.4} because the output DM se-
quence oz is invariant with respect fo the operation. By analogy, there could
be realized operations of contrasting over determined levels, outlining of spe-
cifics and others [20] by appropriale restrictions over ¢ of the by-element
operations,
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o NP B

Fig. 3. Block-dfagram of that particular element which
applies the spatial invarfant by element operations
of the above-mentioned types

Figure 3 shows the block-scheme of that particular instrument which
applies the spatial invariant by element operations of the above-meniioned
types.

4. Scale Transformations®

A single representation of the signal L(f) (3.2) is realized by the transforma-

tion &% (3.2), which is invariant with respect {o the scales of the two coordi-
nates of the signaland to the coordinates of the picture itself, respectively, since
it is adequately represented by the screen system. In contrast o (3.5), here
the composition will be

8)) & ooty

because the scale transformations over picture /7 are attached to it by [Xf) of
the screen system. It is clear that all similar (purely scalar) operations will be
represented in the plane of the DM transformations [21] by segments parallel
to the abscissal axis Or. The dependence beiween the coded and decoded
signal in that case will be

(4.2) U’(f}:U(t _E-) ,

I. e in fact we have “exiension” (“compression”) of U(f) up to U'(¢) or the
linear picture scale variation takes place because of deformation in the tempo-
! 27 ral axis in the screen system by ¢, obviously the signal tem-
1 i poral deformations U(¢) evolve frequency deformations, accord-
) ing to the compression theorem of the Fourier transiormation
UY“—U'#)  and the signal S(w) spectrum becomes
I o i lzg 121
(4.3) Sw)-=2 S(; o)

T

i - % " T
- ¢ the signal spectrum components {w}en will transform into {w, r_g}fEN,

and the period of the transformed signal U’(i):U’(t-{- 277) will be T'=kT,

*By scale transformations over / we understand here the fransformations of the linear
scale towards the rapid scanning of the screen system, for instance for the sweep e
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Fig. 4. Scale transformation

The new signal U/7{{) will be received at the DM decoder with the same SNR
as in possible reconstruction of U{¢} in the same coding point of the 6':1 signal,

i e. both direct and reverse DM tiransiormations are equally optimal with
respect fo the SNR. Indeed, the familiar formula [1] for the SNRumay yields
o f

(4.4} SNR:naX: W !
where fo=1/z is the DM clock frequency, f, is the boundary frequency of the
lowpass filter LPF permeability into the DM coder, and f; is the frequency of
the processed harmonic signal, i e, SNR is invariant with respect to the fre-
quency region deformation equal for both the decoder and the signal.

Figure 4 shows the two possible cases of temporal scale changes of U(f)

at g=—>1 “extension” and g1 “compression”. Because of the screen system
the pictiire would change geometrically along the same axis proportional to ¢ or

(4.5) 8.0 8., 170 9 =Flgx, y)=o(f)

Operations of ifype (4.5) are intercommutant al certain conditions {21},
which significantly facilitates repetitive processing. ’

o. Application of Some Arithmetic Operations

5.1, Addition
The operation can be represented as
5.1} Fi==Uf4- V1.

By analogy with the differential operator effect in the arithmetic operaiions
point 1, [11] the addition in this case could be represented by 2zdu and zdéw

(5.2 AF;—z44-22.
it can be proved that .
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is valid [22] and the process is of the (2.2) type. When representing the
DPCM outpul 4F by symbol, we can trace the correspondence

10, B;ca=(B,' BIABY- 1)
(5.4) |4F,)={ 0L, B¢ p—1B, B: + B}
00, B,y -{B;| BV BY)

Expression (3.8) yields the dependence at synchronous binary sequences du and
dv obtained by a linear DM with equal parameters. The reestablishing of the
actual values could be effected through integration, i e.

i—1 i—1

(5.5) Fi= D AF;> 2zt am),

i=0 j=0
The logical scheme through which (5.2) is transformed into (5.4) is shown in
Fig. 5 as the integration over (5.5) can be etfected by reversive counter shown
with dashed line (the amplitudinal tecovery in the differeniial methods is re-
duced always to integration and therefore this counter is typical for any simi-
lar cperation). -

In general the addition of n-variables could be effected also by the corres-
ponding DM fransformations [22] and into the three possible types — (2.2),
(2.3) and (2.4}, respectively.

It can be shown lhat the subtraction reduces to logic inversion composi-
tion of one sequence and addition [22] (Fig. 6).

8.2. Mulliplication

Let us assume necessary to perform operation
(6.6} Fi=U:V.

If the differential operator affects this expression
and the finite difference (1.5) is formed when replacing
the corresponding differences with the DM jumps 2"

and 27, we can obtain

i—1 i—1
(5.7) AF- 20 Qa2 Dlatt 2t ey

U =l
at the input sigpal. Expression (5.7) yields the digital
jump when a product of ihe respective DM transformations
da and dov is lormed with equal parameters + aud 4.
In integrating the differences we can obfain the product
Fig. 5. Addition of itself.
2-variables The adding procedure does not express clearly the

advantages of any of fhe lhree representatiors of the

outpul signal {2.2), {2.3) and (2.4). The multiplication
procedure will yield a very complicated solving rule (6.7) at ouipul of the
(2.3) type [22}, and the algorithmic noise of the operation will be signi-
ficant, This noise can be distributed a§ additional info boih categories of DM
noise—from quantization AN, and from slepe overload N, The output realization
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{2.4) is impossible because of changes in the invariance condition (point 2.c}.A
block-scheme of the {2.2) type is shown in Fig. 7.

The reversive counters RC {/ and RC V integrate the corresponding binary
sequences sz and Sz, The muitipliers with values M1 in fact determine only the

)
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Fig. 7. Block-diagram of the multiplica-
tion, {2.2} type

sign of the resuit yielded by the counters when adding that to the accumulating
adder. When the annulation of the accumulaling adder is effected at each duty
cycle, AF; will be obtained at ils output in the opposite case /5 could be
accumulated in ihe same adder. The multiplier of value 1X1 determines the
sign of the adder unit in the LSB order of the adder. rigure & shows the
result approximations of the respective signals of the binary sequences and

digital values of AF;.

This technique could result in a great number of operations which are
interesting for the videoprocessing of the specirozonal scan videoinformation
for the needs of the remote sensing. For instance, in a similar way we can
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presént the Riemann and Stilte's integrals {23] and some integral transforma-
tions as well. The contouring of some specific featurescould he effecied also
by this technique, once by the respective DM anaiogies o {1.7) {24] in diffe-
rent directions {25, 28, 27] and also when realizing some gradient operators

[} -
; [_
F. =0V,
[ [
30}
Iz
10} poed
uf“J
et
il
L sy
=l ull:%' TI-_-AJ i
L, e U B | L'"!u
= 2.5
B ._QL e L"l
X | | R
o ‘i
O A 1 N A T
|:|'|!1'1||:||- sy
(=11 3-15 7 8 1-1 1 11-1-3-5-7 =9 Py

3

Fig. 8. The result approximations of the respective
signals of the binary sequences

by DM, for instance [26, 29, 27]. Simultaneously we can measure some para-
melers of the subjects, such as surface {30} Lo )] _

Particularly interesting for these aims is the determination of uniform
subjects (with respect to the spectrum) from the multispectral scan videoinfor-
mation. One of the principal requirements for such a procedure is the real time
mode of the reproductive system. The DM processing system separates the
uniform videoinformafional files by recording the alternative series of the out-
put binary sequence &z [27] for each speciral channel.
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By the logical intersection between the unions of the wditferent subject
chords in each channel - Lt

(5.8 AN U0 N U )=y
! J 2

we obtain the homogeneous subjeci v, represented in the screen system by the
respective restrictions of the videosignals in each channel g%, By such separa-

tion of homogentities it is possible to effect’ various types of regularization
to a" different extent. - L WY '

6. Possibilities of Instrumental P'fc_}grarﬁnﬁng in Different . Modes

When designing 2 TV-instrument for videoinformational processing which
employs a single DM processing system, it is of particular importance to mi-
nimize the instrumental part. _ :

The introduction of instrumental programming is of specific advantage
because it provides for the use of a universal module in effecting a large
number and fypes of operations,” :

A v
by >v [ S-S

EATER U ammel e
TR TV
P M

Fig. 9. The processing is effected by the micro.

processor
Progran
[/;//2!.
c L
oo
22
W p— TR
G /EHE j
L i s 7 |

Fig. 10. The microprocessor is used as a controller

" With the introduction of large integral schemes into practice, considerable
possibilities to universalize the instrumiental part appeared [33], e. g. the new
generations ef:microprocessors are particnlarly applicable to the binary sequen-
ces, especially in analog signal processing [31]. Of course, videoprocessing sets

33

3 KocMuqeckin HICALIBAKKR, Ki. 3



its specific requirements on the design of such instruments and we can divide
them into two groups:

a) instruments where most of the processing is effected by the micropre-
cessor sequences {Fig. 9);

{ b) i;istruments where the microprocessor is used only as a coniroller
Fig. 10}

The instruments in Fig. 9 can be successiully applied in cages when the
digital streams under processing do not exceed significantly their permeability,
i. e. these could be fast and high-speed bipolar microprocessors.

Inversely, the version in Fig, 10 does not require fast operation of the
processor, because it commutates the instrumental part when realizing the va-
_tious operations. The realizaticn ifself should be fast.
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Liugpporast 0GpaboTKa BHACOUH(OPMALMH TIPK [OMOLLU
METOZa AEAbTA-MOLYASLHH

J1 H. Muues, 1. B. [empos

(Pedwme)

B palore caenara MOULITKA CHCTEMATHSHPOBAThH 0030p BOBMOXKHOCTEH METOAA
NeAPTA-MOAYMALME I OCYIIECTBJEHHS HEKQTOpEIX oOmepauui mpu oGpaGoTKe
sufeorsPopmanny. [10Ka3aubl CBA3L PASHOCTHOrO HCUMCHEHUS H JAEALTA-MONYJS-
MH, A TAK#Ee BOSMOXKHOCTH STOTO METOJa ANS DeanH3alHH MPOCTPAHCTBEHHO-
YHBADHAHTHEIX H MacwTabHHx TpaHchOpMaLMH  HEKOTOPHIX ApH{METHIECKHX
onepaki.

Crenana kiaaccuduianus o8pafaTHBAIONIHX CHCTEM C JAEADTA-MOAyadnued
K@K 10 OTHOLWIEHMIO K IPHHIMIAM DaGOTH, T2X K N0 OTHOIEHHMIO K OpraHuaa-
neH annaparsEol YacTH. ; Gaprgen
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BULGARIAN ACADEMY OF SCIENCES

SPACE RESEARCH IN BULGARIA, 3
Sofia - 15980

Atmospheric Spectral Transparency Analysis
with Account of the Chemical Atmospheric
Composition of the Friction Layer

D. N. Mishev, V. Jepa-Petrova, I. Lanzov

Observations on direct solar radiation within the visible and the near
infra-red ranges make it possible to obtajn series of quantities which charac-
terize the atmospheric {ransparency in given spectral zones. The juxtaposition
of the actual atmospheric response with the ideal optic atmospheric properties
{pure and dry atmosphere) together with the chemical analysis of the air in
the friction layer could result in some conclusion on the aimospheric aerozol
component [1,2].

Taking all that into consideration, the direct solar radiation was observed
and the aerozols of the friction layer were chemically analysed on October 23,
1977 at the reference area (Belozem) of the Plovdiv research field with “Ra-
diometer Metrologie” 60-530, equipped with Karl-Zeiss Jena filters. The fil-
ters are consistent with the spectral intervals within which the payload is
operating.

Table 1 shows the main specifics of the filters we used. As the spectrum
of the direct solar radiation {s taken af separate discrete points, it is assumed
that the solar radiation varies within a linear regularity between two adjacent

oinis.
? In the most generalized case, the fotal solar emergy flux, falling to the
earih surface [;{?) can be represented as a sum

(h Lo{ Ay = H{A) - Lo )+ Lom(2),

where X7} is the flux intensity attenuated by the atmospheric layer, (2}, Lwm(d)
are the intensities of the Reileigh scattered and Mie scattered radiations, re-
spectively,

Upon direct solar radiation observations we assume that the extinction of
the solar radiation when passing through the atmosphere follows Bouguer’s
law, which is valid for a given meteorclogical situation: clear and stable wea-
ther with visibility distance — S,;>20km, 1. e.

2) (== 8(1) .e—=7 == S{2) . PB(1),

where 5(1) is the solar speciral irradiance curve, P(1) is the transparency
spectral function, m(z) is the atmospheric mass and r is the optical atmos-



Tabiel
Principal Data on the Filters Ued in Ground-Based Observations of Direct Solar Radiation

| Se
Neo. of the flter ‘ Tnap (Am) 4 A4 {nm} : z % b;ﬂ:?ﬁc?féf‘f@a?f;f”
|
1 ‘ 461 7.5 21 0.8
2 480 8.0 24 | 101
3 _ 492 8.5 14 : 1.03
4 ' S0 o 18 1.02
5 I 523 55 37 1.035
6 538 4.0 22 1.036
7 590 4.5 18 1.04
8 574 7.8 40 1.3
g 597 8.0 44 1.015
1y 502 8.0 1 1.01
11 618 5.5 18 1.0
12 628 8.0 15 0.98
13 648 7.5 32 0.97
13 658 8.5 22 0.98
15 872 7.0 23 1.01
16 680 7.5 44 1.06
17 708 8.5 26 LIt
18 | 729 4.5 10 1.1
19 | 168 10 21 1.02
20 ! 781 8 21 168
21 | 800 7.0 20 1.06
22 834 12 30 1.04
23 930 i1 24 1.07
24 975 9.0 20 R
25 1055 15 17 .83

pheric thickness. Those were the conditions on Oct, 23, 1977 at the reference
areg of Belozem.

We assume that the transparency function can De represenied as a pro-
duct of different muliplicands characterizing the transparency function of the
different atmospheric substances. Such assumption could be true if the whole
atmosphere were considered to be composed of [ [ayers, taking into account
the ammount of attenuated components, and the variation of their optical pro-
perties with the height {1].

Accordingly, expression (2) can be represented as

i
3) Lay=sm [ 124, m,

=i

where [ is the number of atmospheric layers with determined optical pro-
perties.

Within the considered speciral range (460-1,060 nm) such basic compo-
nents could be ozone, water vapours, aerozol particles. As a result expres-
sion (3) will become

(4) To{A, my=S(4) . Pasl2, m) . Pesoliy 1) . Pual2, m1). P&, m).

Figute 1| shows the standard curve of spectral irradiance S(2) from [3],
ihe spectral sequence of the solar radiation to the Earth surface in case of
Rayleigh scaitering and ihe variation range of the recorded direct solar ra-
diation io the 'Earth surface Af{2)=Lloma(d) — foma(Dior Oct. 23, 1977 from
10: 24h to 14; 50h. Figure 1shows that the Rayleigh scatter contributes
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Table 2

Composition of Some Eiements in Ae-
rosols of the Friction Layer (ugim®),
Measured at Belozem, Plovdiv ~Dis-
trict, in November 1977

ci— 503 |] NO,
6.04 1.87 ! 2.5
4.85 3.38 24
.40 2.23 2.0
4.40 4.63 2.8

Table 3

Results from Neutrom-Activation Analysis of the Content of Some Microelemenis in the At-
mospheric Friction Layer

No. | Litres air Element HE I1 pEfm 4 oy
|
] 4430 Al 14 3.16%10°% 17.85
2 4430 Fe 10 29651073 12.76
3 4430 | Cu 3 _ .80 10 3.84
4 4430 Mn 28 5.32% 1073 35.70
5 4430 Na 14 3161078 17.85
6 4430 | Co 15 3.40% 1074 1.80
7 4430 Mg A1 ~2.00% 1075 .11
8 4430 Ti 7.8 1.69X1073 9.5
9 4430 Sm ‘ 0.09 2.00% 1075 011
10 4430 Su 0.09 2.00% 103 0.11
1 4430 RD e 200X 1075 . 0.11
12 4430 Ce 1 2001078 | 0.11

signiticantly to the solar radiative attenuation within the speciral interval of
460-600 nm.

Figure 2 shows the transparency spectral curves of clear, molecular at-
mosphere Dy and the transparency variation range of the actual atmosphere.

The lines of oxygen absorption (684-694nm), (729-770nm) of the water
vapours (700-740nm), (790-840nm) and (926-978 nm) are clearly plotted
in Figs. 1 and 2. The same can be seen for the wide absorption line of O,
with maximum of 600nm. These results agree well with the results of [1].
The simuitaneons spectral studies and the chemical analysis of the atmospheric
aerosols provide description of the aerosol absorption lines in the visible
spectrum,

The concentration of chlorides, nitrides, sulphates, organic and inorganic
matter were derived from ihe aerosol chemical analysis of the friction layer.
It was determined that the otganic portion represents 27.779/ of the dry
aerosol, while the inorganic was 72230/, The presence of organic matter in
the friction layer defines the aerosol absorption in the visible range (Fig. 1).
Tables 2 and 3 present the results from the chemical aerosol analysis of the
friction layer. They show that the concentration of iron in the azir is 12.8 0/,
which represents the fourth place with respect to the other elements after
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Mn, Na and Al The high concentration of Fe delermines fhe high absorption
capacity of the aerosols within the visible range from 0.46 to 0.68 um, which
is due mainly to the hematite and limonite in the air. This supports also the
results obtained in [1]. Another portion of the absorbed radiation within the
visible spectrum might be due to sulphur, to small particles of highly absorb-
able soot, as well as to organic atmospheric particles, as confirmed by the
chemical analysis carried out by laboratory techniques.

The varying range width, characterizing the actual atmospheric transparency
changes, results from atmospheric dynamic processes, which change the aerosol
composition of the friction layer. Since a considerable portion of the solar
radiation extinction is due to almospheric aerosols, small variations in their
composition and quantity would result in significant changes of the almos.
pheric transparency.

' Figure 3 shows the optical thickness variations, depending on the aimos-
pheric mass mf(z).

(5) w2, 2= — qn SR
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Fig. 3: Opiicél thickness variatipn » in
. tependesce on. the almospheric mass on
Qet. 23, 1977

.Fignr-e 4 shows the atmospheric transparency variations orn Qct. 23, 1977
in ‘determimed wavelengths during daytime. The transparency inerease: about
noon with:the wavelength augmentation is clearly to be seen, '
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~ Based on results from deiermined meteorclogical conditions and season,
1tr1§ recommended to photograph the particular research feld aboui noon
(12:30h) when the optical depth is minimal and the {ransparency is maximal
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Fig. 4. Atmospheric transparency varfation oo QOct.
23, 1977

The resuits obtained show that the chemical analysis of the air in the
friction layer which conlributes essentially to the solar radiative attepuation,
together with the optical observations on direct solar radiatiou, provide ex-
planation for some spectral intervals of radiative absorption «ue mainly to
the aerosol component in the friction layer,
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AHanus CHEKTPAJILHOM NPO3PAYHOCTH ATMOCHRPHl C YYETOM
XUMHUECKOIO COCTaBd aTMOC(Ephl B TPH3CMHOM BOZYILIHOM CHOE

. H Muwes, B. Hxcena-Mlemposa, H. Jlansos

{Peaiome)

B paGore nokasaHnl pe3YAbTATLI SKCHEPHMEHTANbHMX UCCASHOBAHMH  CHEK-
TPAJBEOH NPO3paunoCTd arMocdeprl. [loNydeHnsie Pe3yaLTATH NPUBR3AHLI K XH-
MUYECKOMY COCTaBy armocdepbl B NPH3EMHOM BO3AYIIHOM cioOe, [lokasaHn
CHEXTPANbHLIE WHTEPBANDLL OTACUHIEHUS COMHEUHOH DAAUALMH ATMOC(EPHKIMU [a-
34MH H A3D0O30JeM B BUAMMOM H OaumxEeM uadpakpacrOM AnanasoHe.
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BULGARIAN ACADEMY OF SCIENCES

SPACE RUESEARCH IN BULGARIA, 3
Sofia - 1980

On the Interrelation Between Seismisity
and Fault Structures Identified
by Space Image Inlerpretation

H. Spiridonov, E. Grigorova

Recent years are remarkable with the abundance of aerospace information
in the tield of geological and geomorphological research. Many papers together
with the acquired observational expetience confirm the understanding that
a space picture could contribute to reveal some features of the deep earth crust
structure. Some of the authors consider possible to determine series of buried
structures from the platform fundament, as well as fault structures uplifting
to Konradt and Mochorovichich surfaces (I, 6-8, and many others]. Mulliple
deep crust structure elements are usually determined upon others of a smaller
scale, which relates to the large picture generalization of the Earth as a whole,
or of separate sectors from i{. This paper compares seismicity and fault struc-
tures identified by space image interpretation in scale 1:1,000,000. Most suit-
able for ihe purpose proved to be the Upper Tracian lowland and the Tundja
hilly region, both known as highly seismically active regions in the Southern
parts of Bulgaria [3, 3.

The American space photograpbs (ERTS-1} were used for that inter-
pretation and their resolution is 90-100 m. The pictures are taken at 500 km
height on Nov. 17, 1872, Images with wavelengths of 0.6 — 0.7 um and of
0.8-1.1 am, i e in the orange.red and near infrared range of the electro-
magnetic spectrum are most valuable for the interpretation. These piciures
were published earlier [2, 9], that is why here we shall give only the scheme
of interpreting the above-mentioned seismic regions.

The Maritsa seismic region overlaps with the Upper Tracian depression.
This is the largesi complex graben structure in the Southern part of Buigaria,
160 km long, oriented in West-Eastern direction and up to 45 km wide from
North to South. The Upper Tracian depression is a typical intermontanecus
depression, formed between the infensively uplifting Rhodopean Massii and the
Sredna Gora range. [t is filled with upper Pgleogenic and Neogene-Quaternary
deposits. The Upper Paleogene is characterized by Preabone and Oligocene se-
diments and volcanic rocks up to 3,000 m thick. These are mainly conglo-
merates, sandstones, argillites, limestones, andesite tuffs and andesites. During
the Neogene and Quaternary epochs, the depression considerably reduced in
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size, as three additional structures developed within that format — the Plovdiv
graben, the Chirpan threshold and the Zagora graben. The thickness of the
younger deposits is over 300 m. The separation from the Upper Tracian crust
block by adjacent morphostructures with clearly outlined fault ruptures and
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Fig. 1. Interrelations between faults identified by spacc pictures and earthquake epicentres in
the Maritsa and Tundja seismic zones

1 — fanlis reliably ideniiffed by the space fnages; 2 — suggested  Faulls; 3 -— earthquake cpleentres
with M 3; 4.7 — earthquake magnitudes: 4 — M = 4. 1-5; 5 - M= 5 16 6. — M =617 7 »7

7 -—

the formation of smaller block structures over that background shows the
complex block structuring of the whole depression. Greater portion of these
ruptures is fixed on the space pictures and is shown in the tectonic scheme.
These fault structures are specific accumulative areas of signilicant seismic
energy, which at certain periods could be released and results in earthguakes
of large intensity and magnitude (Fig. 1).

The Upper Tracian depression is one of the most seismically active re-
gions of Bulgaria. Based on historical data, we can trace there earthquakes
with intensity of Oth degree in 1750 and of 7th degree in 1858. Three
consequent shocks followed in 1928— on April 14— with intensity of 9th
degree and magnitude M=86.8; on April 18 — with intensity of 9th degree
and M=7.0 and on April 25— with intensity of 8th degree and M = 5.6.
Figure 2 shows the resultant faults from the earthquake in 1928. Two faults
were struciured after the shock on April 14 with M—6.8— Northern with
39 km of length which starts from Cherna Gora village (Plovdiv district) and
continues eastward up to Chirpan and Southern, which overlaps with Maritsa
river bed. It starts from Purvomay and reaches Dimitrovgrad eastward. Other
fanlts were ruptured during the second shock on April 18 with M=T7.0. The
main fauli is located at 10 km westward from Purvomay and follows to North-
Western direction. The total length of the faults resulting from the two shocks
is up to 105 km. The largest depression locates northward from the line Cha-
lakovo village (Plovdiv district} — Purvomay at about 3 m and southward
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that line we trace an uplift to 04 m [10). Some of the faults structured atfer
the earthquake in 1928 were identified om the space pictures as in certain
areas they overlap complelely with the actual structures {Fig. 2).

The Tundja seismic region which comprises the hilly area between Yambol
and Elhovo along the Tundja river is a part of the Elhove depression, the
latter being a young Neogene-Quaternary structure, formed transversely to the
fundamental -Strandja fauli structures. -The -sedimentary thickness of that de-
pression is 120 m. The Tundja seismic region is characterized by very fre-
quent weak earthquakes. In 1909 an earthquake with intensity of &th degree
and M=05.9 was recorded here.

Three systems of faults were identified on the space pictures: | — with
direction [00-110° Il — of about 35-45° and JII — with direction 330-
340°. The landscape method of interpretation was used in identifying the space
photographs. The epicentres of the two seismic regions were plotied on the
scheme of identified fault structures (Fig. 3) as well as their location in depth
[11]. An almost complete overlapping of the earthquake epicentres with the
fault ruptures can be seen on the scheme as the grealest seismic activity is
concentrated at {he cross-points. The precision in plotiing the epicentres over
the fault siructures is + 5 km, taking into account the space image scale.
(enerally the earthquakes in the Maritsa seismic region are concentrated along

| lPu rvomaf

R

Fig. 2. Scheme of a part of the Maritsa seismic region between Plovdiv
and Purvomay

1 — the sunk parl of the Thraclaz lowlond aftcr the carthquake in April 1928 (morc
than 3 m) 2 — the uplifted part of the lowland aller the earthgnake with 0.4 m;
3 — faults identified on (he space pictures; 4 — aciyal fanlis formed during the
earthquake in 1928

the Maritsa river flow between Pazardjik and Purvomay at a disiance of
100 km and 40 km width. In the other seismic region they are concentrated
glong the Tundja river flow between Yambol and Elhovo and about the Mo-
nastery uplifts. The vertical profile of the same scheme plots the earthquakes
by amplitude, It can be seen that the earthquake epicentres are mostly at the
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depths of Konradt boundary or in the granite layer of the earth crust. Only
few of them: reach the Mocho boundary. The thickness of the earth crust in
the two seismic regions varies betwen 35 and 42 km. The greatest thickness
of the earth crust is within the limits of the Chirpan ftreshold. At the same
time, this earth crust block is seismically most active,

Fig. 3. Scheme of the identified fault structures and the earthquake epicentres, the local depth

bejng also given
Above: 1 — faults scllably identitled on (he space piciures; 2 — assamed laults ; 3 — carihquake epicentres
oplth B> 3, Below - — 3= M <4 65— . 1= M=5;6—51=M=§6 7T-61M=7

The complex inner block-fault structuring of the Upper Thracian complex
depression which is confirmed by the geophysical investigation [4] is reflected
in the earih surface relief. This relief is mainly observed on the space pic-
tures. Therefore, the summing effect from the tectonic movements of the earth
crust, including the deep layers, would be reflected “enlightened”in the relief.
The overlap of the fault struciures identified from the space photographs
with the epicenires of the earthquakes in the Maritsa and Tundja seismic re-
gions shows that reliable information on the deep earth crust structure could
be obtained. In our case, this information goes as far as the Mochorovichich
boundary.
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ConocTaBACHUE CEACMUYHOCTA € DA3AOMHLIMH CTPYKTYDAMH,
noAyUYEHHLIMK PY ACIIMGDPAPOBARNH
KOCMUUECKHX CHUMKOB

X, Cnupudonoe, Er. 'puzoposa
{Peswume)

Viccaemoranig NOCAEAHHX J€T {IOKA3LIBAIOT, YTO NPY Aeld(pHPOBAHHH HOCMHE-
YeCKHX CHHMKOB BIIOJHE BO3MOXM(HO BCKPHITH BACMEHTH [AYOHHEOIG CTPOCHHA
aeMHOH Kopbl JaA HCCACOBAEHA 3TOH BO3IMOXHOCTA ObilM JeUiMdpRpoBaHb
KOCMHYECKHE CHHMKH, ¥ [OAYUEHHBIE PAsAOMBl OBbLIM CODOCTABAEHH C SIMIIEHT-
pawy 3eMaeTpiceHuit B Bepxuedpaxmiickol musmennoct#® u B Tymmmanckoh
XOAMUCTON OGJACTH, H3BECTHBIX KaK CHIARHO ceifcmuueckue padioan HOxHob
Boarapus. PeayabTarsl CONOCTaBAEHKS MOKA3LHIBAIOT, Y4TO DAMOMHLIE CTPYKTYDHI,
BLIABJAEHHEE HZ KOCMHYECKUX u300DRIKEHUHAX, OTPAMAIOT TAYOHHHOE CTpOeHHE
seMdoll KOpbl OO rpanyisl MoOxopoBuYuua.



BULGARIAN ACADEMY OF SCIENCES

SPACE RESEARCU IN BULGARIA, 3
Sofia - 1980

interferential Filters in Spectral Instruments
without Collimation Optics

K. P. Bakalova -

Interferential filters hold an important place among the apparatuses for spec-
tral measurements. It is known by now thal their transmission can be des-
cribed by the funciion [I]

mtithiaki; A \2 1
(1) I(lg 9)—~F§ -(1 I_R-) 1-:03“1—‘16@)1
2
where
@) 83, 0)= 2% nh'cos ' +2¢

is the phase difference beiween two beams, one of which has had a double
inner reflection more than the other. The following symbols have been applied
in these expressions:

" — angle of refraction in the filter;

n—index of refraction of the intermediate layer of ihe filfer;

k — thickness of the intermediate layer;

o — phase shift upon inner reflection from metal coatings;

2 — wavelength in vacuum;

A(8) — absorption or diffraction of light, accordingly in the metal or poly-
layer dielectric reflecting coatings of the filter;

iR

R(8) —- reflecting capacity of the coatings, and F= a=RE"
Ii we accept the index of refraction of the air for I, then

sin?@
D_&C1)

cos ' = _1

where 8 is the angle of fall of the light beam 1io the filter, Expressions (1)
and (2) are valid when a parallel shaft of beams falls on the filter. Conse-
quently, the position of the maximum in the admission band depends on the
decline of the beams to the normal to the surface of the filter

nk sin? § '
lrrl{ﬂ):m__%r_ﬁ'vl_"'né_’ m.:l, e s
where the decline is expressed by b.
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On increasing the degree of 8 the maximum of admission shifts in the
direction of the shorter wavelengths. As a matier of principle, the interferen-
tial filters are designed for operation with a parallel shaft of light, falling
almost horizontally to their surface. For thal reason the characteristics cor-
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Fig. 1. Optical part of the spectral instroment: O —
optical inlet; [F - jnterferential filter; L — lens: D —- detector

il

tained in their certificates are for such conditions of operation. In some of
the apparatuses for speciral measurements, however, in view of considerations
of energy and design, the inlerferential filters have to operate with non-pa-
raliel shafts of light, e. g. in the portable spectromelers for measurements of
the spectral reflecting characteristics of some natural formations. The depen-
dence of the position of the maximum in the admission band of the angle of
fall limits the angular aperture of the filtered shaits of light [2]. It is not al-
ways possible to keep to this limit in practice. In order not to lose the accy-
racy of measurements, an evaluation of the differences conld be made bet-
ween the performance of inlerferential filters with a parallel shaft of light,
falling notmally on their surface, and when working with non-parallel shafts
of light at an angle of §,. In its most general and simplitied form the optical
part of the spectral instrument may pe presented as a combination of optical
inlet (O} with a certain aperture through which the measured flow of light
enters the instrument; au interferential filter (IF) which admits the light flow
in a determined spectral range; a lens (L) which focuses the filtered light
on the light-sensitive surface of the deteclor (D)—a photoelectron converfer
{Fig. 1). We shall be interested in the signal at the outlel of the detector ig
both cases— upon lighting the filter with parallel and non-parallel shafis of
light.

¢ The light entering the instrument may be considered as a super-position
of fiat monochromatic waves with length A, spreading at an angle 0 to the
optical axis of vision of the system (ihe normal to the surface of IF, L. and D).
The intensity of these waves falling on the filter is /U)(1, 0).

If it is accepted that the natural objects reflect light diffusely [3], we may
consider {19 as independent on 6. The measurement of /() is in a narrow
range which is determined by the admission band of the filter. In that range
we may consider /) as a constant on 1, but its value is determined from
its place in the spectrum, i e. /O )= /. The change in the intensily of
each monochromatic wave after its transition through the /F is described by
the function (1). Spreading in the afterfiller space are flat monochromatic

waves with intensity L)1, 8)=17/"2(2, 0). We believe that there is no interference
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between the waves with different i and thatit is possible to neglect the intei-
ference between {he monochromatic waves spreading at different angles 0
in the space affer the filler. Then the intensily of the field at each point
from the surface of the lens will be the sum of the inlensities of al] flat
monochromnatic waves reaching ithat point. The delector is affected only by
these waves for which the angle ¢ (0, v), where v is determined by the rela-

tion zv::arctgr;’- The energy flow coming lo the defector is equal o that of

the lens, formed from all waves spreading in the direction 6, with O0<l<
(It we neglect the losses in the lens). The signal at the output of the detector
is proportional to that flow of energy crossing the light-sensitive surface:
dU=5(1, g, P)d®, where S(i, 0, P) is the sensitivity of the detector, which ge-
nerally depends on the wave-length 4, the angle of fall §, and ihe spot on the
light-sensitive surface (point ). In order to simplify, we may assume that S
does not depend on the coordinates of the point P and also that it is a con-
stant in the range considered. The dependence on the angle 6 is frequently
accepled to be g [T-lke function, i e.

S(0), 6<C8,
S(G)"'{o, 638,

Taking into account the above consideralions about the output signal of
the detector, we come to the expression

= 3;}3

3 U——--;—S- [ [ B2, 0 sin b cos ldvdl,
[V
where: §,, is the more acute of the angles v and 0,
¢ is the speed of light 'in vacuum, :
B(f) is the section of the surface of Ol and that of L, when Ol is pro-
jected at angle 0 in the plane of L. Let us asswme that the following condi-

tion has been fulfilled;

=%
p "-'*'f I s H

In that case B(Bj=constant and the outpui signal is expressed by
&

[+ m o
1 U=2sB | £ ] +(2,8)sin8cos8dbdi= < sB | IVf(2)da,
) PR B gl
) 3 {]

where 0, is equal to the smaller of the angles 6, and u. The spectral range
through which the intensily has been measured is determined from the type
of the funclion f(2). In the above assumptions f{d) is determined from the
characteristics of the filter. In other concrete cases it is possible that the
quantities S and B will remain under the digit of the integral on 8, i e. they
will also influence the final result from the measurement of /9. Here is an
investigation of the function

A e sinfcos 6
(5) = [ (1= ) o0
P ( 1"9) 1+F(e}sin2ﬂ"2‘—°)
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Tablel

\F, K=18 | 2F #=26 r 3F, k=14 | 4F, k=15 | 5F, k=15 5F, #=1.65

. i | L | S NI
o @] A% |5, @] 2% Irm(ﬂ)"!.' A% |z, O 4% v, 0V A% |5, (6% 4%

| i |

4 43.0 | 00 25.5 0.0 50.0 8.0 | 305 ‘ 0.0 ‘ 25.0 0.0 225 | 0.0
5] 425 0.0 250 | 0.8 50.0 0.7 305 | 08 | 250 0.5 22.5 1.0
1 41.0 (1.2 230 | 03 48.0 1.0 29.5 0.1 24.5 3.0 21.5 0.4
15 38.5 3.3 200 1.3 47.0 | 0.6 28.5 1.0 ‘ 24.0 0.5 200 2.1
20 345 0.8 15.5 0.7 43.5 1.5 26.5 16 23.0 0.1 19.0 0.5

for different values of the angle 6, and for the parameters of the filter. The
quantities A and R, and consequently F, are functions of 8, and it is difficult
to provide a precise analytical expression. It is clear from (1) that the term

r,,,(ﬂ)_..:.(l—l—fﬁ)g represents the maximum value of the admission of IF, when

lit with a parallel shaft of light falling at an angle of 0 to the normal of its
surface, This provides an opportunity to determine the dependence 7,(f) for
each filter. Such measuremenis were carried out for two types of IF by means
of Perkin Elmer specirometer with spectral resolution of 1nm, which draws
the function of admission of the tilters from the wavelength,-We have the
curves of admission for every filter corresponding to lighting up with a pa-
rallel shatt of light falling in angles changed every five degrees. The resulls
from the measurements are given in Table L. The dependences r,(8) for all
filters approximate well with the function cos (K%} at angles 6<20° where
the constant X is different for the different filters and has values of L.I5 to
2.65. The error in the approximation is also given in Table I.

It may be accepted that the angular aperture of the insiruments rarely
exceeds 20 degrees, and for that reason it is not necessary to follow’ the de-

pendence t,(8) further. The result is that for aimost all filters z,,,(35°)<—;— 7,(0°);

a split curve of admission occurring in some bigger values of 6, due to the
polarization of light.

It is possible to see the change in the quantity of 7 with the change
of § in these experimental curves after the formula

Fi = ‘__’_gsw)_"‘(e) _,
O e 259

which follows directly from (1). The value of (i) corresponds fo a certain 2.
It is assumed that =0, which may occur in filters with reflecting coalings

made of polylayer dielectric, It is obvious from (2) that nk:@

cept m=1. 2,{0} is the length of the wave for which the filter has maximum
admission when 1if up with a parallel shaft of light. This caiculation can be

carried out very accurately, because the function sin?@)- changes rapidly

about its maximum value 7,(8), but it nevertheless proves that F(§) does not
change very much. Here are the results of the calculations for one of the
filiers:

y if we ac-



{Ho

20

F

122

132

117

We shall accept that F=const. when calculating the integral (5). The resulis
are given in Table 2. They show that the bigger the index of admission of
the intermediate layer of the lilter, the less significant the shift of the admis-

Table 2
" ‘ F | & ‘ 612‘ Ll I At A2pnpils Sinay + 10 =
- et
15 120 15 5 0.9987 0.0013 0.0292 0.3172
1.5 120 15 10 0.9850 0.0050 0.0307 1.4258
1.5 120 15 15 0.9890 0.0109 0-0366 2.7318
1.5 120 L5 20 0.9818 0.0182 0.0450 3.7214
2.0 120 1.5 5 0.9990 £.0009 0.029] 0.3776
2.0 120 1.5 16 0.9962 0.0037 0.0300 1.4496
0.0 120 1.5 15 0.9918 0.0082 0.0335 25150
20 120 1.5 20 0.9860 0.0140 0.0413 4.2363
40 120 i.5 5 0.5995 0.0005 0.0291 0.3780
40 120 1.5 10 0.9981 0.0019 0.0293 14737
4.0 120 i.5 15 0.9959 0.0041 0.0302 3.1360
4.0 120 L5 20 0.9928 0.0071 0.0324 5.0488
1.5 200 1.5 5 0.9987 0.00(3 0.0226 0.3766
1.5 200 1.5 10 0.9950 0.005g 0.0246 1.3923
1.5 200 1.5 i5 0.9891 G.0109 0.0317 2.5185
1.5 200 1.5 20 0.9822 0.0177 0.0455 3.2359
1.5 120 2.0 5 0.9987 0.0013 0.0252 0.3760
1.5 120 2.8 10 0.9950 0.0050 0.0807 1.4068
1.5 120 2.0 15 0.9832 00108 0.0366 2.6501
1.5 120 2.0 20 0.9826 0.0174 0.0488 3.5310
1.5 120 25 5 0.9987 0.0013 0.0292 0.3745
1.5 120 2.5 16 0.9950 0.0050 0.0307 1.3824
15 120 2.5 15 0.9895 0.0108 0.0366 2.5472
1.5 | 19 2.5 26 | 09836 0.0154 0.0486 32817
Table 3
A, [
(]
O | 412 400 500 600 700 800
A ;’.HW,nm
0 Al 11.66 14.58 17.50 20.41 23.33
B 5_ T Ax, | 052 0.65 078 | 091 | 104
Adep 11.68 14.60 1752 | 2044 | 2336
] 0_ di 2.00 2.50 3.00 3.50 4.00
41w 12.28 1535 | 1842 | 2149 2456
it Ady 4.36 5.45 6.54 7.63 8.72
[ Aaw 14.64 18.30 2196 | 2582 20.28
5 Ad 7.28 9,10 10.92 12.74 14,56
Al gw 1960 | 24.50 29.40 } 34.20 39.20




sion band, while the halt-width of the latter is narrower. The tilters with gieat-
er reflecting capacity of the costings R (consequently F is larger also) give
narrower admission bands. The influence of the constant X in the dependence
of maximum admission of the angle of fall §: 7, (8)=cos{K0) over the cliange

a b
fis b,
nmiAd o 5
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I a0~
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; i 1P i i
i | | L m iy LIl [Tl e ITI (51N Eed
q 5 10° 159 20° 0 50 19° 15" 207

Fig. 2. Dependences of Al,{a) and Alyy{6) for 2,500 nm

of the admission band is negligible. When choosing the parameters of the fil~
ters, the maximum shift occurs for the combination of values: #=1.5;
K=:1.5; and F=120. The shift of the maximum 42, and the hali-width of
admission band for a filter with such parameters on different wavelengths A
and for shafts of light with different angle 6,, are given in Table 3. The shift
of the maximum in the admission band A1, and the half-width of the band
increase parallel with the increase of the angle §,. The dependences 44,,(6) and
Adgw() for 2,=5000A are presented on Fig. 2.

It is evident from the above that there exisls a certain change in the
measured speciral range depending on the working regime of the IF. This
change may either be neglected or faken into consideration, depending on the
precision necessary for the particular measurements.
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ViarepdepeHUHOHHLIe (PHALTPLl B CTEKTPANLHEIX IPHOOpax
Ge3 KOAMMUPYIOUIEH ONTHKH

K. 1. Bakarosa

{(Peawmue)

XapakrepucThKy MBTephepeHIHOHHEX (GHABTPOB HBXAIOTCS (GYHKIUAMH Yrna
najieHus ¢BeTa. B crathe paccmorpera patora untepdepeHIUOHABIX QUABTPOB
CO CXOASNMMY CBeTOBbIMH Ny4YKaMH. [lOKa3aHBT CMeDieHHE MaKCHMyM2 Y H3Me-
HeHNE TIONYINHPUEE NOAOCH NPODYCKABHS [ODH HAMEHCHWAX YINOB CXCAWMOCTE
nyyxop B uHTepmane (0—20°
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Current-Voltage Nonampere Transformer
with Automatic Switching
of the Measurement Range

M. N. Gousheva

The need to measure current variations within a large dynamic range in space
probe experiments should be matched by reliability {maximum simplicity of
the equipmenl} and by information resiriction {(minimum number of felemetric
chaunels used). The swilching of the sensitivily scales of the DC measuring
tract of the spaceborn service equipment when the rocket attains a definite al-
titude involves & certain hazard. Such switching at an inappropriate moment
results in loss of useful information due to insufficient dynamic range of the
electron block.

That is why it is necessary to switch the range in accordance with the
concrete sitwation {charge carriers densily in space plasma) [1]. The dvailabi-
lity of only one channelproviding information as well as two sensitivity scales
covering a dynamic range of 10? (in case of measurements with meteoro-
logical rockels) imposes certain restrictions on the fransformer design.

The block circuit of the DC measuring tract (current-voltage transformer,
Fig. 1) satisfies the above requirements. The circuit consists of a DC ampli-
fier (DCA), a comparator (C), a repeater (R), and & switehing device (8). When
collector current from a spherical jon trap is applied to the DCA input, it is
transformed into {J; veliage and enters the telemefric channel (TMS). The en-
fire DCA divider is switched ou at the initial moment, because the range has
to be selected regardless of the magnitude of the input curreni. Uy,=—=—10V
is applied to the non-inverting input ot C. The eleciron keys are in the follow-
ing positions: K, —open, K, — closed, and K, — openn. The three possible ca-
ses under these conditions are: {1) The V-A characieristics is entirely describ-
ed within the sensitive scale {Fig. 2 — sector @;). This sector corresponds to
a region of very low densities, The DCA range is not switched. (2} The V-A
characteristics is described both within ihe sensitive and the coarse scales due
to the sensitive scale saturation at a given moment {Fig. 2 — sector b,). This
is the case of high-densily measurements. At U= —10 V (saturation of the
sensitive scale), C is actuated and S sets the keys as follows: key 1 —- closed
{the DCA coefficient of amplification decreases ten times), key 2 — open,
key 3 — closed (U,;=-—0.5V). {3} The V-A characteristics is fully described
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Fig. 1

S~ N e
X A

2 e

r_‘ T=1s

Fig. 2

a4




wYzgl a4

Gzg @ % 7

¥

&
1

Sl

e 8
303 =) &5l +
h L
|.._.| G ZLIXZS
ol | s 2
; WyegL ooy =3
c simzs | sl
m_ X E€ vﬁn
_ AV
m_lLa ,_::
T A4€€
. ¢ E,
L Iz
oLy )©
= 9 :
o5t g
by | _
il =
1l
B dnzg

PAR 4

908 M

55



within the coarse scale (Fig. 2 —- sector ¢)). This is the region of highest den-
sities. C is actuated at the very moment of describing the characteristics. The
positions of the keys are as in b, after reswitching of the range. ¢ is the time
of range selection, Figure 2 shows the V-A characteristics for one sweep pe-

riod T'—1's of the linearly changing voltage applied to the outer grid of the
spherical ion trap (sectors a,, by and ¢, in the same Figure) — (/,.

Figure 3 shows the block eleciric circuitry of the device, MA 740 is used as
an inputl step with static input resistance of 102 Qhms, because currents of
the order of X. 107 A are occasionally applied to the DCA input. A precise
coefficient of division in the DCA feedback is obtained by tuning the divider.
I5; transforms U, into U, which enters {hrough the telemetric channel (TMS),
ISy controls S (in this case the transistor T,), and S controls the electron keys
(IS} — DG 182AA, in accordance with the charge carriers densily, as well as
Uy and Uy, of the noninverting input of C. The onboard supply is stabilized
(transistors Ty, Ty, Ty). It should be noled in this case that there is no sepa-
rate channel {o indicate the operating sensity range. This information is obtain-
ed from the cocperating thresholds U, ard 1/,, of C over the V-A charac-
teristics.

The circuitry has been designed and tested at the Central Laboratory for
Space Research of the Bulgarian Academy of Sciences.

Reference

1.S. K. Chapkunov.— Compt. rend. Acad. bulg, sci., 19, 1076, 12.

Hanoamreprsili 1peoGpasoBaTesh TOK -— HANPSHERNE
C aBTOMATHYCCKUM MEPEKIIOHCHUEM UIMEDUTEABIIONO AHAIIA30HA

M. H. Mywesa -

(Peawue)

30HAOBLIH METON HIAPOKO NPHMERSETCH IPH HCCAEAOBANHH BapamMeTPoR NIas3MEl
¢ HOMOINBI) DaKeT ¥ CNyTHHKOB, B coOOieHWM YKA3BIRAETCH HEOBXOHUMOCTE
U3MeDeHHA H3MeHedHl TOKA B UIHPOKGM AMHAMHYECKOM [Hanasone, [loxasanm
OCOBEHHOCTH SKCUEPUMEHTA NDH MBMEHEHWSX Ha MeTEeOPONOTHYSCKOH paxeTe, B
CBASH C STHM cO3/18H NpeoCPasoBatess A/H NOAYYEHHS XADAKTEPHCTUKH 30HA0-
BOTO TOKZ. PacCMOTPERB CTPYKTYPHES ¥ NMPHRLWIHALBEAS CXeMBl C ABTOMATH-
YECKHM IIePeKMIOYEHHEM H3MEDHUTENLHOIO NHANA30HA.
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Sweep Generator for Probe Experiment
Onboard Meteorological Rocket

T. N. lvanova

The velocity and maximum altifude of meteorclogical rockets, e. g of the
“Centaurus” type [1], are much smaller in comparison with those ot the geo-
physical rockets, e. g, of the “Vertical” type. Whereas at an altilude of f.=100 km
the velocity of meteorological rockefs is about 1 km/s and they reach an alti-
tude of Hpax=150+180 ki, the rockets we use for probe expetimenis reach
an altitude of H,,x=—1,510 km and at A=100 kim their velocity is about
8 km/s {2, 3].

The principle of operation of the block circuits of the Bulgarian measure-
ment instruments launched until now in irrecoverable containers of the geo-
physical rockets “Vertical” 3, 4 and 6 (in 1975, 1976 and 1977) are given in
[4, B]. In an experiment with a meteorological rocket a full V-A characteristics
from the collector of a spheric ion irap (SIT) from retarding fo saturation re-
gion may be obiained at much smaller voltage amplitudes of the sweep vol-
tage of the outer grid of a trielectrode SIT (Ug;) in compatison with the am-
plitudes used until now of Usp=(+15+—5) V [6].

According to our calculations, the necessary voltage Uy, is symmeiric fo
the zero (container bedy) with an amplitude (+ 1< —1} V. As the potential to
which the body will be charged may reach 1-3+4V, a saw-tooth vollage
(wave) generalor (SWQG) circuit is used for obtaining [y; with a variable
amplifude — over a period of Uy, (+5+—-5) V.

Besides that, the service control system in experiments with meteorclogie-
al rockets is simplified — there are no onboard commands for simultaneous
as well as synchro-impuises.

The telemetric system is also of limited capacity, and the sweep voltage
Ugr is not telemetrically controlled, as had been the case in the experiments
carried out until now.

Consequently, in the design of a SW(G we must pay attention first of all
to the amplitude stability of the voltage generated, because instability in the
period may be judged from the duration of the V-A characteristics clearly
differentiated from one another.

In accordance with the above requirements on the qualities of the sweep
generator for SIT installed on a meteorological rocket, we propose an ampli-
tude-stabilized symmetric SWG made with integrated circuits. The complete
electric circuitry of the SWG is shown on Fig. 1, and the time-diagrams at
certain concrete points are given on Fig. 2,
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The first step of the SWG is a threshold detector TD (comparator), while
the second one is integrator | — both of them with operational amplifiers
wA 709 and A 740. The voltage at the output of TD (point 1) switches from
—U, to 4+U, when the linearly increasing voltage at the output of I {point 2}

becomes suificiently positive so that the point A vollage rises above zero-
The symmetrical and stable voltage at the output of TD (Uyp) is maintained
by two equal Zener diodes opposilely connected, which guaraniees the preci-
sion of integration of the voitages --U/, and ihe symmelry of both threshold
levels of switching.

The Upp. voliage is switched from J-U, to —U; when the much more ra-
pidly decreasing (linearly) voltage from the output of 1 (1)) during the re-
verse run of the SWG (¢,) becomes sufficiently high so that the voltage at
point A goes below zero.

The value of the potentiometer for the adjusiment of the frequency of
Uy is selected in such & way that the necessary period T=1s shall be with-
in the limits of 4-0.3 s,

The change of U, in the positive direction (direct run o) is much longer
in time, compared with #,, because the time constant of the capacitor C in the
feedback of I changes with the change of polarity of Ury (+U,;). When
Urp=+U,, C discharges mainly through the resistor R, and a diode in series,
and the time constant R,C is much smaller when Ry<R, When Up=—U,
the capacitor C is charged through R, much more slowly with a time constant
R.C. The values of R, and of R, are selected in such a way that at fixed le-
vels + 1/, the reverse run shall be 1¢/, of the direct one (in this case f,<10 ms).

The transistor T, (buifer, invertor and limiter) forms the necessary vol-
tage (poini 3) for the command of the trigger J-K (logical integrated circuit
SN 5472) according to clock input.

One of the outputs of the trigger (Q) feeds voltage (point 4) for the
command of the key of a field transistor (FET-BF 347), connected in the feed-
back circuit of the inverting amplifier (A) of the voltage from L In this
way over one period the resistor R, is connected parallel to R; andtihe coef-
ficient of amplification of A decreases five times (point 5) according to the
requirements for the amplitude, as mentioned in the beginning.

The adjustment and fine tuning of the amplitude of the voltage Ugy is
done with the potentiometer P,

The circuit has been designed ai the Ceniral Laboratory for Space Re-
search of the Bulgarian Academy of Sciences and the tests carriedoul with it
demonstrated stable operation in a wide range of temperatures.
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[enepatop pasBepTU NAs 30H/IOBOTO 3KCIEPHMEHTA
H&8 METCODONOIHYECKOH pakere

T. Heanosa

{(Peawmne)

3ona0Beifl MeTOA MCCHENOBAHMN IA23MBI ¢ HOMOIIBIC chepuuecko#t HOBHOH J0-
BYUIKH IIHDOKO NpUMEHAETCA OPH OPAMBIX KOCMHYECKHX H3Mepesusx. B coo6-
[eHyH KOPOTKO DPACCMOTPEHE OCOBCHHOCTH OKCNIEDUMEHTA HA METEOPONOTHUEC-
KO DaKeTe B CPaBHEHHY C HCHOJb3OBAHHLIME A0 CHX. AOD BAs noHocheprbix
usMepenn# ¢ GoArapckoit 30HAOBOH ammapaTYpoR reoduaUvecKHMH paKeTamu
»BepThxans“. [Ipuvenserca TPUSNEKTPOLHAS JAOBYINKA, K BHEILIHeH ceTKE KOTO-
DOH TPUAOKEHO NKAOOODE3HOE HANPSIKEHNE AN NOAYYeHHS XaPAKTEPUCTHKY 30H-
AoBOro TOKa. IlpepcraBiena npuHLKNHanbHA# cxeMa NPEMEHEHHOTO reHeparopa
MHA0OCPABHOTO HATIDMKEHAA C HePEMEBHON aMIIATYHOH, pasapaboTassag Ha OCHO-
BAHHK NOCTABMEHHBIX CHEHHQPUICCKUM SKCHEDHMEHTOM TPEGOBAHUE.
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A Solution of the Problem of Rotation
of the Celestial Bodies”

T. R. Tiichev

1. Introduction

For explanation of the axlal rofation of the celestial bodies several hypotheses
are proposed. Samidt [1) considers the direct rolation of the planets and of
the Sun as a result of the falling meteoric parlicles upon them. Artemyev
and Radzievskii [2] assume that the metecric particles falling on the planet
{ransfer their positive momentums only and iwrn it directly about ils own
axis. Recently it was discovered, however, thal Venus has a retrograde rota-
tion. The planet Uranus is also rotating retrogradely. Alfven considers the axi-
al rotation of the celestial bodies as a result of the action of magnetic forces.
These hypotheses are not satisfactory and the phenomenon is still a topical
problem, In this paper a new explanation of this phenomenon is proposed.

2. Method and Results

We proceed from the foliowing original experiment, A bomogeneous sphere
with radius r is circulating in an circumference with radius r, lying in a hori-
zontal plane. The sphere can rotate freely about its own axis perpendicular to
the plane of the circumference. The system has two degrees of freedom. Let
us designate by @, the initial angular velocily of the circular motion of the
sphere, by £, the angular velocity of its circular molion at the end of a cer-
tain interval of time A7 and by w the angular velocity of the proper axial
rotation of the spbere. We observe that

1. At £,=0,=const, i. e. at a uniform circular motion w=0; the sphere
does not rotate about its own axis.

9. At £,>0,, i. e, at a decelerate circular motion w>0; the sphere ob-
tains a direct axial rotation.

3. At £2,< 8y, i. e. at an accelerate circular motion @< 0; the sphere
obtains a refrograde axial rotation.

#For open discussion,
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It is not difficult to see that the axial rotation of the sphere is caused by
the action of the unequal forces of inertia of the particles of the sphere which
appear at the change of the angular velocity of its circular motion. The value
of the forces of inertia of the particles of the sphere dependson their distance
to the centre of the circumference and on the difference 10 - 62, 1.

The angular velocity of the circular motion
of the sphere can be changed by direct action
or by the change of the radinus of the
citcumference from r, to r,.

We have to determine the angular velocity
of the axial rotation of the sphere w obtained
at the change of the angular velocity of its
citcular motion from ©, to 0,

We solve this problem in the following
way. The cylindrical surface passing through
the circumfercnce and the rotational axis of the
sphere divides the sphere in two paris: exter-
nal one with mass m, and internal one with
mass mg, as shown in Fig. 1. We solve the
problem al r;»r so that we could assume
m,—m, -m. A similar case we have, for
example, at a spherical arlifical Earth’s satellite.
The parl of its orbit limited by the satellife is
alinost a straight line.

C{r We designate by £, and F; the resuliants

of the particles’ forces of inertia of the external

Fig. 1 {dashed) and internal hemispheres. We assume

with sufficient accuracy that at 7,%r the

fulerums of the resultants F. and F; are al

a distance equal to 3/87 from the cenire of the sphere. We designate the force,

which turns the sphere about its axis (directly at ©,>@Q, as shown iu
Fig. 1, and retrogradely at 0,<0,} by F.

Obviounsly

(1) F=F.- F,

or

(2} Fomd,—(—may,

where a, and g, are the tangential accelerations of the mass-cerires of the exier-
nal and internal hemispheres,

At the change of the angular velocity of the circular motion of the sphere
from (2, to £2, the linear speed of the mass-centre of ihe external bhemi-
sphere changes from V. to Vi, and that of the iniermal hLemisphere from
Vit to Vis. At the same time the mass-centre of the external hemisphere, where
the fulcrum of the force F is formally assumed, passes a path S- Sy—Se.
Multiplying both parts of (2) by ds and Integrating in the above limils we
cbtain

Say | Vay Viz Vei Vi
(3) deS“-*-med'U‘—(——m‘J afv) - :mfdfo — m‘[d'v!,
Ve 11 i i2

Sei | Vs
j (mvgl mViQ) (m‘/ﬁ mV?g)
4 "_| T R A S T T A

where A is the work of the {orce F in the path S.
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The kinetic energy E of the obtained axial rotation of the sphere is equal
to the work of the force F, i e. E=A

3 2mrtol

where 2m is the mass of the sphere. From (4} and (5) we obtain
4rie? . ;
(6) TE e VRV 5
V=0, (r,-+3/8r); Ve=-82,(r113/8r);
V“ :.(.)1 (!’1 —3;’81“); V12= Qg (rl—3;‘f8r).
With the above values of Ve, Ves, Viz and Vi in (6) we obtain

0 o=/ | (21—ap|.

If the change of the augular velocity of the circular motion of the sphere
is performed by changing the radius of the circumference from r, to r, for-
mula (7) takes the form

158 o] 2
(8) TOF V‘a‘? | W2 - Qrall

The relations (7) and (8) are valid fn an uniform field of gravitation.
For a homogeneous spherical satellite moving in a non-uniform field of gra-
vitation, however, (4} has the form

' {mV? > mv2, ’ ((mi/?l i) (mi/122 ]|
©) A=:B=|[( 2-+Ep1)—(—2- -+Ep‘*‘)]-— Ty e ) T—Jrfs;ﬁ) Iy

where E¢ and Fi are the potential energies of the external and in-
ternal hemispheres of the satellite. At our laboratory experiment we have
Ed=E2—E!=E’_mgh, so that in this case (9) is reduced to (4).

The fotal energy of a homogeueous spherical Earth’s sateilite moving in
a circular orbit is

Eut-By="32 1 GM2m (- — 7} = CM2m{g—y-)-

where A is the mass of the Earth, R is the average radius of the Earth, r
is the distance of the satellite to the centre of the Earth. For such a satellite
passing from one orbit to another one (9) takes the form

2mrtw? . ' 1 1 1 1 1
=G [ (- o el e |
(10}
1 1 1 1
T [(T 20, —axs‘r)) "{_R“_iirz_ﬂézs_r))]} ‘
From {10) we obtain
15 '/ GM TaM
11 :V.__ v, .
o so=lfi (Fomr o)

The total energy of a homogeneous spherical Earth’s Satellite moving in
an eliptical orbit is
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s +CMam -,

Ek-t-Ep- g

= ]T GMQm(--;,—-—%),

where 4 is the major semi-axis of the satellite’s orbit, In this case we obtain
from (9} in a similar way the following relalion:

5 oM oMy
(12) Fo=1 e (a @ ai—(3/8r )|

At the movement of the the satellite in one orbil only we should have
@, = p—=const, Fx+ £, =const and w =90, i.e.in such a case the axial rotation
of the satellite does not depend on its orbital motion,

For a homogeneous cylindrical salellite with moment of inertia /= Qm(% - %2) :

we obtain the following relation

i =TT
( 4--) ( e gy |,

where r is the rotational radius of the satellite equal to /2, » is the radius
of its cross-section. Passing from one orbit to another ihe safellife turns as an
aircraft propeller, in theé plane of its orbil. {We neglect the precession.)

The formulae (11}, (12} and (13} give the angular velocity of a non-sta-
bilized satellite it in the first orbit w=0. If {n the first {initial) orbilt w>0 or
w0, formulae {12}, and (11} and (13) as well, should be writien as follows:

(12a) o= (= 84— - e
lbr “1" (der} :j -(3/8¢)2 ||

(13} =

where Aw is the increment (positive or negative) of the angular velocity of
the axial rotation of the satellite during a certain interval of time AT, during
which a, changes to g,.

As a®=(3/8r), formniae (123, and (11) and (12a} as well can be writien
in this form

(14) Hriey= ![;’]![27 ((”\A (}M)
|

wt a

It is known that the light pressure provokes an essential perturbation of the
orbit of the light spherical safeliites at a height =700 km. By such a satellite
we could verify formmla {14), Determining the major semi-axis of its orbil in
tie beginning and in the end.of a ceriain interval of tine AT, we calculale
w by formula (14) and compare the result with the increment of w during the
same interval 47 obtained by formula (15)

(15) tdo jo,—wsl,

where w; and w, are the observed angular velocities of lhe axial rotation of the
satellite in the beginning and in the end of the same interval AT. The results ob-
tained could be verified by a special satellile launched for this purpose i it is
possible to change the major semi-axis of iis orbit in desired values.

The relations {7) and (8} could be verilied under laboratory conditions.

A synchronous change of the orbital peried and the pericd of the axial
rotation of the second Soviet satellite (1957 8} and the last stage of the third
Soviet satellife (19580,) with the change ot the solar activity has bcen really
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established [3]. The observed increase of the rotational period about the cen-
fre of mass of the last stage of the third Soviet satellite during its spiral ap-
proach to the Earth (from 8 to 9.5 s) [4] can be also explained by relation
(13). The atmospheric resistance is believed to play a secondary role here,
This factor is negligible for the massive satellites moving in the upper atmo-
sphere.

b At the verification of the relations obtained we must have in mind that
the vector of the last push of the rocket does not always pass through the
centre of mass of the satellite and would turn it about that centre [5]. Conse-
quently, we must take the initial conditions into account.

The calculations by formula {12) show that a homogeneous spherical satei-
lite, e. g with radius r=8m, passing from one orbit with major semi-axis
2,=6,500 km to a higher one with @,=6,650 km, at ipitial condition w=8,
turns directly about ils centre of mass with angular velocity 4+ =0.222 rad/s,
or with a period #=28 seconds. The same result but with retrograde rotation
(—w=0.222 rad/s) should be obtained if this satellite passes from the higher
to the lower orbit.

It is known that the equations of the passive flight of the artificial cos-
mic objects do not, as a matter of principle, differ from the equatfons of the
motion of the natural celestial bodies. For this reason we could say that the
relation (12) should be valid for the celestial bodies as well. The diiference
will be only in the corrections depending on the corresponding moment of
inertia and the inclination of the rotational axis of the body fo the plane of its orbit.

In rigid body dynamics it is assumed that the rotational motion of sphe-
rical and homogeneous bodies does not depend on their advance motion. The
differential equations of the translatory motion and that of the rotational mo-
tion of the body about its centre of mass are considered separately. This stafe-
ment is true, as we have seen, at rectilinear motion and at uniform circular
motion of the body. It is not true at non-uniform circular or curvilinear mo-
tion of the body. The different forces of inertia of the particies of the body
which appear in such a case have not been taken into account,

An important role for the difficulties arising at the solution of the problem
of the axial rotation of the celestial bodies is played by the theorem of Lagran-
ge-Laplace for ‘the stability of the solar system. We have seen that at a=
const the axial rotation of the satellite does not really depend on its orbit-
al motion. The investigations of the series which are used in celestial mecha-
nics in the theory of perturbations show, however, that they are divergent as
a rule. The theorem of Lagrange-Laplace is not strictly proved. A. Friedman
has proved that the Universe is periodically expanding and contracting (7]
The expansion of the Universe was confirmed by observation (Hubble’s law).
According to R. Zaikov the Sun has orbital acceleration [8,9]. The inner satel-
lite of the planet Mars, Phobos, also has orbital acceleration [6]. Consequently,
the solar system is not stable during long periods of time lasting millions and
billions of years.

According to the hypothesis of V. G. Fessenkov the planets of the solar
system had been formed far nearer to the Sum, in comparison with their pre-
sent distance. Consequently, during the first period of their existence the pla-
nets had been moving off in spirals from the Sun, and according to relation
(12) they obtained their direct axial rotation. The observed retrograde rotation
of the planet Venus could be explained with: the same relation (12) if this pla-
net has orbital ‘acceleration. According to N. Bonev the young planet should
have a relrograde axial’ rotation-thanks to the Keplerian distribution of the ve-
locities of its particles [9} Such-au explanation of:the retrograde rofation of
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Venus does not contradict our theory., According to (12), at the moving off
from the Sun the unequal forces of ineriia of the perticles of the planet could
brake the retrograde rotation of the planet and turn it directly in the course
of time. During the second period of existence of the planet, when it
approaches the Sun, the forces of inertia which are acting in the opposite
direction could brake the direct rotation of the planet and turn it retrograde-
ly. It is necessary to know how the major semi-axis of the orbit of Venus is
changing. This will show us whether Venus is a young or old planet.

The transition of the direct axial rotation of the celestial body to a re-
trograde rotation is probably achieved simultaneously with the change of the
inclination of its rotational axis to the normal to its orbit plane. At an incli-
nation of >90° the direct rotation turns to retrograde. The inclination of the
planet Uranus, which is rotating retrogradly, is 98°. The inclination of Venus
is~90° (probably >90°). The Moon is in a state of gravitational stabilisation.

Formula (12) or (14) make it possible to determine approximately at what
distance from the Sun the planets had been formed. For our Earth, for example,
at M=2x10% g (the mass of the Sun), @=1.49610" cm, 0=7.292%
107® rad/s, formula (14) gives a,=56 millions of kilometres, This result is
in a very good agreement with Fessenkov’s hypothesis.

The orginal experiment with the homogeneous sphere giving a qualitative
explanation of the axial rotation of the celestial bodies, which is the base for
our investigation of this phenomernon, was performed by the author’s father
Rasho Tilchev in 1932.
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Pemenve npobaeMbl O BpAlEHAH HebGeCHBIX Ted
T. P. Tuaues

(Pesnome)

B sToll cTaTbe HAETCH TEOPETHUECKOe OOBSCHERNHE SKCAEPHMEHTANLHO YCTAHOB-
NeHEOH 3aBMCHMOCTH MENY HepaBHOMEDHBIM KPYroBbIM MOCTYNATE/LHEIM JBH-
JKeHHeM ONHODOJHOH cdepbl M ee COOCTBEHHLIM OCEBEIM BDAIIEHHEM. Ha ocro-
BAHMM [OJYHEHHOH SABMCHMOCTH NPENJaraeTCsi OPUrHHANBHOE PELICHHE npo6e-
MBl OCEBOrO BpAULeRHs HeGECHHIX Tex M HeOpHEeHTHPOBAHHKIX CITyTHHKOB JeMIH.
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