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"Soviet arltificlal satellites aie sending not only
radio eignals and solar reflections to the earth, They
are announcing to all people the sumaits te which ths
world of commmism, frecd from the path of eapibtalism,
has attained." '

: (N, S, Khrushchev)

Four Ocbober 1959 became an historic landmark in the development
of scisnce., On that day the first artificial satellite of the earth
was sent into space. '

Tn speusking about Lthe sienificence of this scientific achlevement
(=)

the Presideat of the Academy of Scilences USSR, Academician A. N.
Nesmeyanov, saids

.. t,,..On this dsy our fatherland raised a flag on a new era in the
history of mankind - the era on coaguering space. This event stands
in the ranks of such twrning points in the ascen®t of mankind, as the
discovery of fire, the invention of steam engines, the discovery of
the electrical current aad its action on a magnst which was tae be-
ginning of 211 eléctronics, the flight of the first alrplane, and
freeing energy from the atomic nucleus.”

On 2 January 1959, the first Soviet space rocket reachsd tae
second cosmic speed, and having overcome the earth's pull, became
an artificial satellite of the sun,




On 1l; September 1959, the second Soviet space rocket reachsd the
sucface of the moon, and, finally, on L October 1959 on the second
anniversary of the flrst artificial satellite of the earth, a third
space rocket was pubt into orbit around the moon and earth. Such were
the first steps into space. :

Shooting ISZ [artificial earth satellites] and space rockets
demanded that a number of vary complicaiasd problems be solved.

It was necessary to build an engine with tremendous power but
welghing relatively little, In turn, tnls required the use of spe~
cially calorific fuel and the creaiicn of metal alloys, whizh wourld
withztand ticemendous teuperatwes and, &t the same time, not loss
their stability, It was also necessary to solve complex tasks in the
control and computation of the rockei's trajectory. Serious problsms
in the fisld of radio technology needed to be solved,

The tremendous. svccess, attained by radio technology, is attested
by the successful solution to the problems of control of Lhe sateilites
and epace rockets on a plarned trajectory, as well as the provisica
for radio communication with the earth and maintenance of it tarough
radio technical means, '

It is doubtful that the discoverer of radio, A, S, Popov; even
thought about such possibilities for his discovery.

.. Even more so, who would have thought of similar achievements
even 10-15 years ago? - ' '

Much has been created by the science of orderly theory asd the
hypothesis concerning the estabiished regularity of physical phenomena
which take place in the upper atmosphere of the earth and in the bowels
of the unliversa, Sclence has penetrated deeply into the secrets of
space, And, moreover, this branch of science has, wmore than any other
very liksly, tested the lack of definiteness in meny hypotheses and
has sadly needed experimental checks, but has consbtantly bumped up
agalnst the absence of any possibility of conducting experiments..

It was not so very long 2go that scientists, mulling over the
secrets of space and trying to check some one or another suppositions,
did not think at all realistically about the uss of artificial satele
lites and space rockets for this purpose, sincs the achievement of
cosmic speeds belonged to the field of fantastic dreams.

Despite the many difficulties presented by the variouz direct

and indirect methods much information hes been obtained concerning the
physical condition of the upper atmosphsre,
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The most complete and Pzpe“imnntally checked data on the study
of the atmosphere has been cbtained cnly for its lower layers. The
lower layers of the atwosphere which are called troposphere, are
characterized by the fact that Here there is a constant agitation of
the air, Up to a heigh®t of 10 km the temnerature swiftly falls to
220° X (-53° ¢) and remains there roughly up to 25 km, Furthermore,
the temperature rises to 270° K (~3° C) at a helght of 60 km because
of the absorotlon of ultraviolet rays by the ozone, which is, at the
same time; a shield for living beings on earth from the dbstructively
intwnszve u’**- violet ray., .

One dcgree on the Kelvin 80u19 (1° K) is equal to one dcwrce on
the cenbigrade scale (l° C). Absoiute zero (=273° C) is taken a3
zerc on the Kelvin scale, ' : :

The area lying above 3040 km is called the upper atmosphere.
Here, due to ulfraviclet and X-rays from the sun and cosmic rays, the
‘molecules of the earthis auﬂowpbeﬂe, partxculargy oxygen, nitrogen,
and hydrogen, are dls*nteg“auni into separate atoms. (at0m¢u cXygen,
nitrogen, and hydregenj, At hzights of 60-80 km the temperature falis
to sbout 200° K (~73° C) to the so~called temperativre minimun and,
furthermore, rises again, reaching (aucordinb to theoretical comnutad
data) a height of 300-L00 km of its maximum 2500-~3000° K.

- The density of the atmosphere at a heignt of 15 km comprises 0,1
of the density of the earthls surface ab a height of 100 km of only
0,000001, and the pressure is equal to 0.001 mm vrb, st, [mercury
colurm], At a height of 500 km the pressure falls even millicns of
times, The densjty of the ionilzed 1nterp¢aneuafy gas is estimated .
oenly by several hundreds-~thousands of particles in a cubic centimeter.

- Processes of active fonization take place in the upper atmospiere,
producing several ionized layers, which reflsct average and shortwave
radio waves, Certain information concerning the atmospuere is illus~
trated in figur° 1.

- However, up until this time much remains uncla*ifﬂedz the digm~
tribution of temp°ra wre and density of the upper atmosphers and
interplanetary gas, distribution in height of molecular aad, in par-
ticular, atomic oxygen, nitroven, hydrogen and other gases, the strucw
ture and properties of the ionospheve, the reasons for the formstion -
and destruction of ozone, the influence of the upper atmosphere on’
weather conditions on the earth, etc., Experiments with the ISZ and
space rockets will help to explaln these and a number -of other: proolems.

: Concise informaticn on the experiments conducted and instruments
in space rockets used for thie purpose are given below.
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' PRESSURE, DENSITY, TEMPERATURE

Pressure, density, and temperature are imporitant characteristics
of the atmospnere, _ -

Up until now data received in experiments on the pressure,
density, and temperature of the atmosphere wore oblained at heights
of 100-120 km, For greater heights oniy estimated dala was obtained,

The density of the atmosphere in the ISZ aad rockets was measured
by ionization and magne®ic electrodischarge meanometers,

An jonization manometer, (Fig. 2), is a glass bulb with a system
of electrcdes: a grid, a coliechor of jons, cathodz, and an addi~-
tional grid. The apparatus is installed on the surface of the rocket,
and works in the following way., Ab a definite height a caviiy is
revealed in the bulb of the apparatus by a special attachment., Mole-
cules and atoms from the ouber atmosphere fall into the bulb., Elec-
troas, emitted by the incendescent catnode, bump into the molecules
and atoms from the outer atmosphere and ionize them, The pesivive
ions thus formed are attracted by the negatively charged scllector.

The number of ions thus formed are proportionate to the density
of the gas. The measure of gas pressure is the ion current in the
collector circuit, The current in the collector current is amplified
and fed to the input of the telemetering system.

The apparatus serves to measure the pressures at an interval
105 ~10"Y mm rt, st [mercury column.].

A magnetic electrodischarge manometer (Fig. 3), whose operation
principle is somewhat deternined by its name, works in the foliowing
Way. _ , ,

Free electrons bump into moleculss of gas which have fallen along
with them into the bulb of the mancmeter, and ionize them. A discharge
current, whose valiue is proportionabe to the number of particles in
a wit of volume, arises in the circuit of the anods, to which a con-
stant voltage of 2000 volts is fed. The voltage, proportionate to
the pressure with the load resistancs, is fed through the amplifier
to the radio telemetering system. ' -

- The manometers are equipped with special traps in order to separate
the currents being measured. which is the gauge of pressure, from the
currents arising from the ions and electrons, in the free aimosphere,




_Data received from the rockets and ISZ indicate that the density
at a haight of 266 km is 10,000 times less than on the surface of the
earth, and when thz height 1s increased 100 km it decrcasbs 1012
times. These results agres with the results obtained on the ba31s of
an anaiysis of the braking cata of he =a ell;nes. S

The temneratu*e OL the unpe; atmosphere cannot’ be dlrectlv measured
because. of * the insignificant heat capasity end nosah conductivity of the
atmocphere, and also beceuse of the fact that the speed of the satel~
lite considerably exceeds the heat speeds of gss molecules., Theretore,
temperatire is messurasd according to the da%a for measuring pressuve
or density by conversions according to thofenleal fomvlasz,

COMPOSITION OF THE ATMOSPHERE
The chemical conponition of the uppsr atmospherevis'deterhincd on
the basis of an analysils of the dsta on the spectrum of masses of

ositive ions obuained Dy mass-s ﬁ"trOMﬂtcrs,
9

A mass-spectrometer (Fig, h) is an eleutrovacuum tube of ‘a spscial
design, contalnlng a nuuber of plane-parallel grids, to which corre-

_ spondlng voltages are fed, and a collector which gathers ions. The

ions which enter the open end of the tube pass through the grids and -

are fed to the collector, creating a collector furrent., However, when:

the voltage in the grids is fixed and determined; only ions, which have
a corresponding optimum speed depending on the mass and accelmrat?ng

voltege in the grids, will reach the collector.

The acceleratxng voltag° periodically chanoes in the grids of the
tube from zero to a certain maximum value, In this way, the. optimum
speed is communicated to the ions with various numbers and their prés-
ence in the atmosphere is detected.

The ISZ showed the follow1ng ragularity in the change of ion cone~
centration.

Beginning at a height of 100 km to a height of 300 km the can~f
centration grew ten times, and from a helgnt of 300 km to 500 km it -
decreased twice. -

The concentration df'p634tnvé fons_in the daytime at évhézght of -
790 km was equal to 160,000 ions per cm’, and at a height of 2&0 kim
wag approxlmately 500,000 ions per cm3. _ :



It was established that atomic oxygen predominates in this field
of the ionosphere, Ions of atomic nitrogen were also discovered:
3-7% of the amount of ions of oxygen. But molecular oxygen and
nitrogen were not discovered,

Experiments using satellites indicated thst at heights of around
1,000 km the atmosphere is extremely rerefied, but substeantially less
so than had been supposed, :

IONIZATION OF THE UPPER ATMDSPH-"“

The gases which form the atmosphere, beginaing from a height of
60 km, are ionized. Ionization of the atmogphere chiefly depends on
the influence of the sun,

Thne field of lonization, called the lonosphere, hss a stratified
structure and, as is well known, is characterizad by four regular
layers of ionizavion D, E, F; and F,, which have the ability to reflect
radiowaves and which play an essential role in their diszemination
around the earta.

This fleld of lonization has been studied a great deal using radar
technology (impulse sounding). But, all the same, the ionosphere still
remains an enigme (changes in the intensity of ionization, the connec-
tion of the ionizaticn of the atmosphere with the magnetic field of
the earth etc,). There is practically no information at all about
electrostatic fields and charges in the upper atmosphere (500~1,000 km).
The use of radio enginsering methods to investigate the upper atmos-
phere prevents a screening action of ionized fields,

The use of the ISZ and space rockets opens up new prospects in
this field.

The veltage of electrostatic fields is measured by electrostatic
flvmieters, placed symmetrically on the surface of the satellite,

An electrostatic fluxmeter, whose diagram of principles is shown
in figure 5, consists of a fixed mezsuricg plate, connected to the
frame of the satellite through the load resistance R, which is closed
1,500 times a second by means of a Sspzcial screen, connected to the -
frame of the satellite, Since the outer electrostatic field and ths
field of self-discharge of the satellite accumulate ab the location
point of one of the data units and are read at the location point of
the other data unit, the field strength of the atmesphere and the value
of the self-discharge of the sateliite can be computed from mesasure-
ment data, given by both data units, The voltage proportionate o the
charge from resistance R is fed to the amplifier and further on to the
telemetering system,

-6 -




Measurements, made by the ISZ and spsce rockets, have indicated
that the field strength in the uppesr layers of the atmosphere is 10-~100
times greater than vhe expacted value,

" ‘loasurements on tha third ISZ have also indicated that the satel-
lite acquires a negative charge. - .- S

| MAGNETIC MEASUREMENTS

The earth!s magrnetic field exerts a great doal of influence on
a nurber of physical paenomena in {he atmosphere, For exawple, such
phenomena incivde the polarization of radio waves reflected from the
“ionosphere, the effect on cosmic rays, the orisnting of rays of the
surora poiaris, the formation of currenis in the atmosphere etc.

Constant and varisble components ars distinguished in the earth's
magnetic fizlid, The verisble part includes the pregular daily variaw
“tions (oscillations, changes), wagnstic storms, pulsaiions, The @ource
of the constent magnetic fileld is the internal part of the earth and
only a small part, about ‘1%, 1s due to sources outside the eswth., The
sources for the varisble components of the magnetic field ave chiefly
outside the earth. o : ‘ '

The earth's magnetic field hes been studled from ancient time,
However, up uatil now much has remained unexplainad, The basic thing
hads not been explained -- the nsture and origin of the earth!s magnetic
field, ‘The most prevaleat hypothesis is that the magnetic field of
the earth is due to regular currents in its liguid conductive nucleus.

Up until now it has not been knoun whether there i3 a lunar magnetlc
field and what kind it is. Measurements, effected with the use of the
second space rocket, have confirmed the fact that the moon does not
have any perceptible magnetic field. ' o -

The study of the magnetic field in great helghts and, in particular,
its variable components, as well as the subsequent study of the. lunar
magnetic field will help the explanation of the naturs and origin of

. the earth's magnetic field. : - o )

The magnetic measurements which have been conducted on.the satel~
1ites and rockets are complicated by the effect of other appacatus on
board, Magnetometers with a great measurement accuracy are used to
measure the variations of the magnetic field.

The magnetometer is an instrument, a measuring data unit, which
is automatically oriented along the direction of the earth's magnetlc
field during any orientation of the satellite (rocket), The data unib

-7 -



is a permalloy plate, on which are two windings, When the plate is
magnetized by the magnetic field being measured and by an auxiliary
veriabie field due to the noa-linearity of the magnetization cuvve of
the core in the secondary winding thars arises a voltage of the doubling
of the frequency with an amplitude proportionate to the value of the
field being measured; that is, data wits are converters of SLgnals

of the constant megnetic fleid Lnto an electric signal of varisbie
voltage, a measure of the magnetic field,

COSMIC RATS

Cosmic rays are streams of reflected particles of enormous energy,
from billions to billion of biliions of electron volts, passing to the
earth from the depths of space, By its very natwre these are atomic
nuclel of light elemenls (ebout 80% hydrogen and 20% helium) and an in~
significant amownt of heavy nuzlei, Maany of their properties havs been
svudied. However, up wntil now it has not: been known where the coswic
rays are generated, to whait their colossal energy is due, and whal is
thelr intensity in spacs, One hypothesis conserning the origin of
cosmic rays ties their origin up with the flashes of the so-called
ultra-new stars. There is a certain connection between the inteasity
of the cosmic ray with the large flashes on the sun, which are szldom
- observed (five flashes in 15 years).

The cosmic rays which have up until now been observed on the sur-
face of the earth differ essentlally from those particles which come
out of space. These are chiefly secondary coswmic rays. Moreover, the
trajectories of cosmic rays essentially cnange near the earth under

he influence of the magnetic field, :

The use of the ISZ and space rockets makes it posaible to cir-
cumvent these difficulties and thus open up prospects for new dis-
coveries in this field. The widely known Ge*gﬁr counter is used usue
ally to register the full intensity of the cosmic radiation. (Fig. 6).
The charged particle passjnc tarough the counter creates an avalsnche-

ke accurulating ionization of gas in the counter, which causes elec~
tric cuwrrent impulses to spring up beitween the electrodes of the tube.

A more sensitive so-called luminsscent counter is used on the ISZ
and rockets, making it possible to register photons in the composition
of the cosmic radiation.

A luminescent counter (Figure 7) consists of a cylindrical erystal
of sodium iodine and a photomultiplier. Impulses, arising at the oute
put of the photomuitiplier, sre amplified, and fed to the binary de~
coding nestwork and then to the telemetering system.

-8 -




The first data, received from the ISZ and space rockets, indicate
that the earth 1s surrowaded by two radiation belts (Fig, 8). The
outer balt 15 50,000 km away and consists of particles which have com-
paratively little energy. The inner belt is near the earth, 3,000~
5,000 km away, and consisbts of particles that have a great deal of
energy (30,000-100,000 electircn volts)., - But even this energy is com-
paratively low, - The biological defence of such particles can be ..
assured by small protective layers of s eubstance. C

 METEORS

" The study of meteoric phenomena is also of great interesi, both
from the point of view of astronomy and geophysics, and from the point
of view of engineering.

Even at the prasent time the phenomencn cf jonization of the
atuosphere by mebeors has begun to be used to organize radio commnica~
'biO’nS . ‘ o ) : R . '

At the present time it is felt that meteoric streans arise as a
result of the disintegration of comets. o

Up to 6,000 m of meteoric cosmic substances fall daily inte the
sphere of the earth. On an average, meteoric particles have a diemeter
of from O,1 to 0.0l em [centimeters], But there are meteorites which
are vast, The most massive of the preserved meteorites —- thz Great
Greenland meteorite «~ weighs 37 m and iis diemeter is sbout L m.

The speed of meteors varies from 11 to 70 km/sek [kilometers per
second],

Meteors with a mass up to 0,005 grams are observed visually.
Meteors of wmuch smaller proportions are observed by optical methods.
Meteors which are gtill smaller can ve dstected by radio metheds for
the reflection of radio signals from meteoric ionized layers. Ballistic
piszo data units are used as data units for registering meteoric par~
ticles.

A ballistic plezo data unit is a system of several plezo elements
of ammonia phosphate, fastened to a plate, suspended on a flat wire.
Such data units register the blows of meteoric particies up to one
billionth part of a gram at a speed of LO km/sck.

Further on the signals enter a special transformer, which ensures

their division into ssveral bands (corresponding to several bands of
energy of the particles) and then into the radio telemetering system,

-9 -




RADIOTELEMETERING SYSTEM

The results of scientific measurements are transmitted from the
satellite to the earth in thes form of radio signals with a definite
form (Fig. 9) using the radiotelemetearving system of ISZ (rockeb) mwm—-
~-zarth (Fig. 10). In order to provide cpportunities for a scparate
registiration of the roudings of the varicus inztiuments the grouvnd
telemetering station has a commubabing device which works syachronously
with the commutator on board, Synchronizabion is ensuvred by the {rans-
mission of spscial synchronizing impulsea.
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Figﬁre 1,  Certain physical properities of the
egrthfs atmosphere

Legendt

(1% Height « km (2) exosphers (3) aurora borealis, lighted by the sun
{h) ares of dissipation {(5) layer F (6} ionosphere (7) meteorites
(8Y laver B (9) transfer ares {(10) lower border of aurorse polaris
{11} ozonesvhere gzz} troposphers (13} concentration (number of
particles per 1 om”)

- 11 -




Figure 2, Diagram of the tube of the
ionization manometer:
2

- grid 3 -« cathode
ion collector ) - additional grid

N -
]

Figure 3, Diazram of the magnetic electro-
discharge manometer:

1 ~ magnetic manometer 5 - resistance at the input of the
2 = cathode follower cathode follower
3 = feed block 6 - satellite shell
4 = ballast resistance a - cathode.
b - anode

¢ - permanent magnet
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' Figure L. Diagram of the principle of the radio-
frequency mass-spectrometer:

1 - source of variable voltage L ~ triple-grid system
2 - source of sawbooth voltage 5 - fourth grid
3 -~ source of direct voltage 6 - collector

7 = recording instrument
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Figure 5. Diagram of the principle of the
electrostatic flwxmeter:

1 - measuring sheet L - satellite shell
2 - screen E - direction of lines of
3 - amplifier force of the field

Legend: (1) to telemetering system
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Figure 6, Diagram of Geiger counter:

1 - shell 3 - gas, which fills the counter
2 ~ steel thread L - path of particles pas;lng through counter
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rigure 7. Diagram of Juminescent counter:

1 - detector i - feed block

{sodium icdine crystal) &5 - diagram of matching with
2 = photomultiplier telemetering system
3 ~ decoding diagran ' '




Figure 8.

Legend:
(1) "outer zone"; (2) "inner zone"
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Figure 9. Form of signals of radio transmitter of telemetering
system of the third ISZ (artificial earth satellite), .
Above -~ during operation from solar battery; ‘

Below -- during operation from chemical sources of current;
A «~ marker impulses, c

Legend: (1) seconds

- 15 -



4
D
Ry
@
o]
Q.
ue

U
[N
N
=~d

{1) Data wnit an
(3) satellite;

(5) transmitter
{9 earth point

»
© .
& o
5 - Eaymach
81 o o
e
ES i 3 .
g VErek Pogeu- | *
2 PO A LA
b X { e s EECE MK **"“-<
H By |, Cwirzsg
& N -
"7 £y /
i b

A .
N\ S
H W
- I~ I
ORI
e Poia rn (oA
b AT S ..w,.i
% “* Jeheresd 3‘:’

v Moeamtl pyebee

Figure 10,

[o3 ¢
-t

-END -

entific instruments; (2) commutator Aj
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