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Purpose and Research Objectives

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

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

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

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

D. The ionospheric-magnetospheric interactions.

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

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

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

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

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

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

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

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

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

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

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

Optical Diagram

The selection of the optical diagram is determined by the orbital parameters,
by the altitudinal dimensions and the distribution of the emitting layers, and
by a certain destabilization of the carrier. In accordance with the above consi-
derations, a rectangular field of vision has been selected with vertical dimension
1° and horizontal dimension 3.5°. The photo recciver was FEU-79 whose spec-
tral curve embraces the range examined with very high sensitivity.
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The principal function of the optical diagram in this case is to improve the
signal-to-noise ratio and also fo locate the emitting layers. In selecting this sys-
tem it is sometimes necessary to take account of mcqmpgtlble and contradic-
tory requirements related to the weight of the device, its size, and its structural
and technological requirements. A fwo-component Keplerian telescopic system
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has been selected in this case. In order to reduce the weight and to minimize the
losses of absorption, two simple lenses were selected fcr objective and ocular
(Fabri’s lens).
To ensure the correct operation of the interferential photo filters, the photo-
electric multiplier, together with the electrcn blocks, is placed in a sealed con-
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tainer ensuring suitable temperature conditions and normal atmospheric pres-
sure. On that account, and also in view of limitalions in size and weight, the
optic system was cl the joint type (Fig. 4). |

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

= Da_

(i) Fo= g,

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

The basic ratio for the telescopic systems is A o

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

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

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

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

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

Dy

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

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

where B, is the depth of the blind and AW, is the angle of deflection of the axis
of the apparatus from its nominal position as a result of the incomplete stabi-
lization of the object.
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In this formula D, is the diameter of the last diaphragm.

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

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

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

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

Mechanical Equipment T—

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

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

g ¥ Fig. 8

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

Kinematic Diagram

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

PG cp o PA ‘- "
PM J

L

Fig. 9

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

"The power amplifier PA is of the non-reversive type and is fed by a d. ¢
. supply. PA consisis of two identical channels amplifving the 1D pulses obtai-;
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ed. The PA amplifier is designed with silicon transistors operating on a key
pattern.

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

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

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

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

(Peswne)

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

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