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Special Features of the Motion of Satellites

By
3.G. Aleksandrov, R, Ye Federov

As a satellite moves about an elliptic orbit (Fig. 5) its height over
the earth's surface h varies. In a particular case, when the height of the
apogee and perigee are identical, the orbit is circular and the height of the
satellite over the earth's surface is at all times constant (Fig, 6). The
degree that the orbit is drawn out can be characterized by its eccentricity.,
The eccentricity, the semimajor axis of the orbit, the perigeal and apogeal
distances are interrelated by relations (1,20) and (1,23),

It follows from these relations that the semimajor axis is equal to the

average distance of the satellite from the center of the earths

a =R+ hg + By
2 (1.32)

anc the eccentricity of the orbit depends on the difference of heights of

the apogee and perigees

e = Da-hy (1.33)

2a
Since the semimajor axis of the elliptic orbit is equal to the average dis-

tance of the satellite from the earth's center, the circling time of the
satellite around the earth depends, in accordance with formula (1,31), on

the average height of its flight (Table 6).

FID=TT=62-121/142 1
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We see from the data in Table 6 that at an average flight altitude of
several hundred of kilometers, the satellite circling time is about 1.5 hr,
at a height of 159C km it is 2 hr, and at a height of 35,800 km the oireling

time equals a sideral day (the rotation time of the earth around 1te‘axis).

L

- -—-—-M,-J"~* e

e, derivsar

Pig, 5. Orbit of satellite FMg. 6., Elliptic and oircular
R = earth's radius; h = height orbits of satellite
of satellite over the earth's

surface; P = point of perigee;

A = point of apogee; O = earth's
center

A satellite launched in an eastward direction and put into a circular

orbit lying in the equatorial plane at a height of 35,800 km would at all

times be over one and the same point on the earth's surface,
As a satellite moves about a ciroular orbit its velocity is constant
and equal to the circular velocity at the flight altitude of the satellite,

The values of the circular orbit for different heights are given in
Table 7.

The circular velooity near the earth's surface is about 7900 n/.oo.

FTD=TT=62-121/14+2 2
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With an inorease in the height the ciroular velocity deoreases, It is about

3070 m/sec for a height of 35,800 km (an orbit with a period of about 24 hr),

TABLE 6
Circling Time of Satellite

Average flight Circling time, Average flight Circling time
altitude, km hr, altitude, km hr,

(o] 1,41 1690 2,00

250 1,49 2000 2,12

500 1,58 5000 3,35

750 1,66 10000 5,18

1000 1,75 35800 23,935

1500 1,93

As a satellite move about an elliptic orbit, its wvelooity changes
periodically, reaching a maximum value at the perigee and a minimum value
at the apogee of the orbit, The velocity of the satellite at the perigee
exceeds the ciroular velocity at the perigeal height, and the velocity at

the apogee is less than the circular velooity at the apogeal height,

TABLE 7
Yajues of the Circular Velocity of the Satellite
Height, km Ciroular vel- Height, km Circular vel-
ocity, m/sec ooity, m/sec
0 7909 1690 7032
250 1759 2000 6901
500 1617 5000 5921
750 7482 10000 4935
1000 1354 35800 3072

1500 T116

Table 8 shows the values of the velocity of the satellite's motion at

the perigee and apogee for orbits with different perigeal and apogeal heights,

FID=TT-62-121/142 3



TABLE 8
Values of the Satellite's Velocity at the Perigee
and Apogee of Orbit

Pe : M ] e 00 -
Apogesl hetght, :‘w 1 ' "

The orientation of orbit in space and its poéition with respect to the
earth's system of coordinates are usually d.‘etorm:lned by the value of the
inclination of the orbit and the value of the right ascension of the ascend-
ing node, The inoclination of the orbit i is the angle between the orbital
plane and the plane of the earth's equator. The ascending node of the orbit
is the point of the orbit at which the satellite intersects the plars of the
earth's equator passing from the Southern hemisphere to the Northers., Cor-
respondingly,-the opposite point on the orbit is called the descending node,
and the line oonnecting these points is the line of nodes, The angle between
the lines of the nodes and the direction to the point of the vernal equinox
is oalled the right ascension .ﬂ.

Along with an indication of the orientation of the plane of the orbit
in space, it is necessary to indicate the orientation of the orbit itself in
this plane and the position of the satellite in orbit at a given instant of
time, For this purpose the angular distance of the perigee from the asocend-
ing node ¢O (the angle between the line of nodes and the line of apsides) and
the time of passage of the satellite through the orbit's ascending node to
are usually used.

Therefore the motion of a satellite about an orbit ocan be characterised

by six eledlents: the inolination of the orbit i, the right ascension of the



ascending node LL, the semimajor axis of the orbit &, its eccentricity e,
. the argument of the perigee () and the passage time of & satellite through
the ascending node t_ (Pig. 7).
As a satellite moves in a central gravitational field and in the absence

of atmospheric drag, the first five orbital elements remain oconstant, and the

periocdioc motion of the satellite in orbit can continue for an indefinitely

great interval of time,

- | oet
f.. All..s:h‘

RS SR
et e s ek s e
* .

Fig. 7. Orbital elements of a satellite,

i is inclinationjSb is the right ascension of the ascending nodej

P is the orbit's perigee; P! is the projection of the perigee on

the earth's surfacej; A is the orbit's apogee; Al is the projeotion
of the apogee on the earth's surface; B is the ascending node of

the orbit; B! is the projection of the ascending node on the earth's
surface; H is the descending node of the orbit; H' is the projeotion
of the descending node on the earth's surface; BP is the position of
the point of the vernal equinox on the equator,

However, in actuality the motion of an earth satellite is influenoed
by a number.of additional faotors, These include: atmospheric drag, the
difference of the earth's gravitational field and a central, fields of solar
and lurnar gravitation,

The effect of these factors over limited time intervals is small and

-y

aw

thus ocan be considerei as perturbations of the basic, Keplerian motion of

«



the satellite described above,
. The true motion of a satellite can be represented as its motion about
a Keplerian orbit whose basic elements are continuously varying, being a

funotion of time, The ourrent values of the orbital elements in this ocase

[ 4

are called the oocculting elements,

Fig, 8, Change in shape of a satellite's ordbit with time due to

atmospheric drag, P is the initial position of the orbit's perigee;

A is the initial position of the orbit's apogee,

Por satellites moving within the upper layers of the atmosphere, its
resistance gradually ochanges the velooity of the satellite's motion and
causes ocontinuous (secular) ohanges in the shape of its orbit, The satellits
is most strongly deocelerated during the time of perizee passage, Ais a result
of the satellite's deceleration its kinetic energy is diminished and the
apogeal and perigeal distances are shortened., In addition, a deorease in the
apogeal distance and height of the apogee takes place consideradbly more
rapidly than a deorease in the perigeal distance and height of the perigee,

i The eocentricity is continuously reduced and the orbit itself tends to cir-
oular (Fig, 8), Deceleration of the satellite upon shortening of its orbit

6
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progressively increases, In the end, satellite, gradually descending, enters
the dense layer of the atmosphere where it is destroyed and burns owing to
intense heating, After descending to an orbital height of 150 km the satel-
lite completes no more than 1-2 orbits, The time of the satellite's motion
from the instant of its going into ordbit to its complete deceleration in the
dense layers of the atmosphere is oalled its life time,

The degree of deceleration of the satellite, all other conditions being
equal, depends on its aesrodynamioc characteristios—=the drag coefficient and
the ratio of weight to area of the middle (cross section), the so-called
lateral load,

It is possible to establish a universal relationship between the rate
of change of the height of the apogee and perigee of the orbit, This relat-
ionship is determined only by the orbital parameters and the distribution of

the atmospheric density with height and does not depend on the weight and

aerodynamio characteristios of the satellite, This result permits the com=~

pilation of simple tables for determining the life time of a satellite in
orbit,

The life time for a satellite weighing 100 kg and having a diameter of
1 m versus the initial values of the perigeal and apogeal height of an

elliptic orbit is given in Table 9, In Table 10 are the data on the life

time of a similar satellite in a circular orbit,

The data in these Tables are based on the results of a theoretioal in-

vestigation,*®
TABLE 9
Life Time of a Satellite (in days) in Elliptic Orbits

Height of | Helgtt of apoges, kn
periges, km| W | 1000 1 | 1m
200 9 18 & 58 2
. 20 23 2 102 163 @
200 5 116 238 ” | 5%
300 114 200 545 800 1200
. 400 410 1120 2630 4450 6000

* See Uspekhi Fisicheskikh Nauk, Vol, LXIII, No, 1a, p, 33, 1957
7
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TABLE 10
Life Time of Satellites in Ciroular Orbits
. Height of ciroular Lift time,
orbit days
00 0,4
250 4
300 20
350 65
400 160
500 1010

It is apparent from the data of the Tables that for the satellite under

oonsideration the life time at an initial perigeal height of 230 km is about

50 days, An inorease in the apogeal height by 300 km (to 1000 km) leads to

i
y
}

a doubling of the life time, About the same increase in the life time is
obtained upon an increase in the height of the perigee by only 25 km (to 225

km), For ciroular orbits an inorease in height from 300 to 400 km inoreases

B it

the life by about eight times, and to 500 km, another six times,
For satellites having different values of the drag coeffiocient and load
; - factor on the middle, the life time, all other things being equal, is direotly
; proportional to the value of the lateral load and inversely proportional to
the drag coefficient, Thus for a satellite having a diameter of 2 m and a
weight of 1000 kg, the life will increase by a faotor of 2,5 in comparison
with the data oited in Tables 9 and 10,

Hence is becomes evident that the dependence of the life of the satel-
lite on the height of the orbit is very strong, At a satellite flight
altitude of the order of several thousands of kilometers, its motion takes
place beyond the limits of the upper layers of the atmosphere, Such a satel-
lite oan for all practical purposes be considered & permanent satellite of
the earth,

The flattening of the earth at the poles and the deflection of the
gravitational field from the central which is associated with this also causes

- perturbations of the orbit, whichk oan bde divided into peridic and secular,
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The periodie perturbations of an orbit due to the non=centrality of the field
are comparatively small and reduce to a deflection of the actual ocoordinates
of the satellite from the coordinates corresponding to the motion about an
ellipse, some tens of kilometers, The secular perturbatioms, always acting

towards one and the same side, lead to substantial changes in the orbital
elements with time,

Mg, 9. Precession of an orbit in space,

The main seoular perturbation of a satellite's orbit due to the non-
centrality of the earth's field of gravity is the precession of the orbit,
the uniform rotation of its plane in absolute space relative to the earth's

axis,

The precessional veloocity (the magnitude of one revolution of the satel-
lite about its orbit) is determined by the formulas

‘?%"'_T' “"'17.‘) (1.34)
where Ry - the earth's equatorial radius,
d - is the earth's flattening,
U - the angular velooity of the earth's diurnal rotation,

8o = the scoeleration of the earth's attraction force at the equator,
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. P = the parameter cf an elliptic orbit,
1 -~ the inclination of the ordbit,
N - the ordinal number of the satellite's revolution around the earth,
As follows from the formula, the precessional velocity substantially
depends on the orbit's inclinocation,

At an inolincation of 65° and heights corresponding to the heights of

the orbit of the first Soviet satellite, the precession of the orbit is

about 1/4' per revolution of the satallite (Fig., 9). At an inclination of

the urbit equal to 90° (polar orbit), the precessional velooity is sero,
Another secular perturbation due to the non~centrality of the field

of gravitation is the rotation of the major axis in the plane of the orbite=

a change in the angular distance of the perigee from the ascending node (W,

There is also & shift of the perigeal region (and correspondingly, of the

{ apogeal) from some geographic latitudes to others,

N The rate of turn of the major axis of an elliptic orbit is characterized
by a change in the angular distance of the perigee from the ascending node
during one revolution of the satellite about the orbits

.. N (R ) [ OV TR (1.39)

As we see from the formula, when : o a-
b-ﬁ&&'qw-g-

In acoordance with formulas (1,34) and (1,35) the velocity of the pre-
cession of an orbit and the rate of drift of the perigee are inversely pro-
portional to the square of the orbit's parameter p, Consequently, for
satellites moving at considerable distance from the earth (of the order of

. several tens of thousands of kilometore),the precession of the orbit and
the drift of the perigee due to the non=centraility of the earth's field of
gravitation will be insignificant,

4=
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Therefore the flattening of the earth does not cause secular variations
‘ in the shape of the orbit. The secular perturbations of an orbit due to com-
pression of the earth are demonstrated in the change of its orientation in
absolute space, Atmospheric drag, oconversely, has virtually no effeot on the
orbit's orientation, but does cause significant secular variations of its shape,

The effeot of the solar and lunar fields of gravitation on motion of a

satellite oclose to the earth is small, However, with an inorease in the height
of the orbit it inoreases substantially, For an orbit with an apogeal height
of the order of many tens or several hundreds of thousands of kilometers, the
rerturbing effect of the sun and moon oan cause noticeable ohangos.in the para-
meters and, first of all, the perigeal height, Depending on the disposition of
the orbit relative to the sun, the height of the perigee can either decrease or
inorease, A decrease of the perigeal height leads, in the final light, to the
satellite entering the dense layers of the atmosphere, where it is destroyed,

| As a result of this the life of.the artifioial earth satellite moving about the

orbit with apogeal height can prove to be quite limited,

5
| JoontSTaEDse
[ 1600, 00 i

Fig. 10, Variation of satellite's orbit under the effeoct of the moon’s gravit-
ational field,

11
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Thus the Soviet automatic interplanetary station after approaching the
moon moved along an orbit with a perigeal height of about 40,000 km and an
apogeal height of about 480,000 km, There is no atmospheric drag at such
heights, Nevertheless the perturbing influence of solar attraction caused
such a rapid shortening of the perigeal distance that the duration that the
station moved in orbit before it entered the dense layers of the atmosphere
was only a half year,

As another example, we will oite the results of the ocaloulation of an
earth satellite's motion about an orbit with an apogeal height of about
260,000 km (Fig. 10), Already during the first five orbital revolutions of
the satellite its variation under the effect of perturbation by the moon's
attraction is noticeable,

The motion of the satellite with respect to the earth is the result of
the aggregate of its orbital motion, the diurnal rotation of the earth, and
the precession of the orbits's plane,

Let us consider the motion of a satellite starting from a certain point
of the orbit, During the time of one revolution of the satellite about the
orbit, i,e,, to the instant of its arrival at the starting geographic latitude,
the earth turns to a certain angle depending on the circling time of the
satellite, At the same time the plane of the orbit turns a small angle due
to its precession, As a result, at the start of the next loop the satellite
is over a point of the earth's surface located west of the starting point,

The projection of the motion of a satellite on the earth's surface is
called the route, It is easy to show that the route of the satellite on the
earth's surface passes within the limits of two parallels symmetrioal with
respect to the equator, These parallels correspond to the values of the
northern and southern latitudes equal in value to the inclination of the orbit,

Eaving touched one of these parallels, the route drifts toward the equator,

12
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Pig, 11, Boute of satellite during 24 hour period
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interseots i, then approaches the other parallel, touches it, again intersects
the equator, and again approaches the first parallel,

Further, the course of the route is periodiocally repeated, and each of
its sections corresponding to the next revolution of the satellite about the
orbit is logitudinally shifted with respect to the preceding, The angle of
intersection of the route with the equator somewhat differs from the angle of
inclination of the orbit's plane, which is explained by the earth's rotation,

The route of the satellite during a 24=hour period with a time of revolu=-
tion of about 1,6 hr is shown in Fig, 11,

The region of geographic latitudes, within the limits of which the route
of the satellite passes, as was indicated above, depends on the orbit's in-
clination, The limiting cases with respect to the magnitude of the inclina-
tion of the orbit's plane are: a polar orbit passing through the North and
South Poles and an equatorial orbit lying in the plane of the equator (Fig.12).

Artificial satellites of the moon and other planets can be oreated along
with artificial earth satellites. The characteristios of the motion of such
satellites in ciroular orbits (the circling time and the circular velocity)

relative to the height of the orbit over the surface of the planet are shown

in Table 11,

Fig, 12, Polar and equatorial orbits,

14
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At small heights the cirocling time of artificial satellites of other
planets and the moon are greater than that of artificial earth satellites,
This is explained by the fact that the density of other planets is less than
the earth's density, The ocireling time of a satellite moving near the sur-
face of a celestial'body depends exclusively on the average density of this
body=- it is inversely proportional to the square of density.

TABLE 11
Characteristiocs of the Motion of

Artitioial Satellites of Planets and the Moon
irecling time Circular velooity

hr km/sec
Planet ‘ ‘bital height

0 1000 5000 0__] 1000 ] 5000
Meroury 1,48 2,46 7,70 2,94 2,48 1,70
Venus 1,49 1,88 3,63 7,24 6,70 5,38
Moon 1,82 3,60 13,90 1,68 1,34 0,85
Mare 1,61 2,38 6,38 3,60 3,15 2,27
Jupiter 2,86 2,92 3,18 42,60 42,30 41,10
Saturn 3,92 4,01 4,43 25,65 25,45 24,60
Uranus 2,95 3,13 3,85 15,10 14,80 13,80
Neptune 2,63 2,80 3,46 16,55 16,20 15,10

Knowledge of the laws of motion of artificial satellites permits us to
solve the problem concerning the study of the density of the upper atmospheric
layers, and also the gravitational field of the earth by observing the varia-
tions in the orbit of satellites, Since there is a direct relation between
the variation of a satellite's orbit and the density of the atmosphere, an
analysis of the motion of artificial setellites can yield extremely valusble
information on the actual values of the atmosphere's density at great heights,
Aooording to the presently available data, the density distribution of the
atmosphere at great heights strongly depends on the geographio latitudes, time
of day, and season of the year, Therefore, extremely important for studying
the distridbution of density is the joint{ treatment of the results of observing

satellites launched at different seasons of the year and having different

15
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inclinations of the plane of the orbit and perigeal heights,

In addition to the data on the density of the atmosphere, we can obtain
from an analysis of the motion of artificial satellites, acourate values of
the field strength of the earth's gravitation, and also the extent of the
earth's compression and magnitude of its semimajor axis, With a sufficiently
high accuracy of measuring the satellite's coordinates and with a determined
lay=out of the measuring points, we can also obtain more detailed information
on the earth's field of gravitation and, in particular, determine the intensity
of the anomalies of the gravitational forces at different points on the earth's
surface,

Besides studying the motion of the center of gravity of an artificial

. satellite, the study of its motion relative to the center of gravity is of

considerable interest,

A non-orientated satellite having a longitudinal axis of symmetry, under
the effect of perturbations taking place during its separation from a rocket
carrier starts to perform a precessional motis», rotating relative to its
own longitudinal axis, which in turn rotates around the precessional axis,
thus forming with it a certain angle,

In the absence of atmospheric effects and other disturbing factors on
the orbit, the position of the axis of precession in space remains oconstant
relative to the stars,

However, for artifioial earth satellites the positioﬁ of the precessional
axis in space in most cases slowly changes under the effect of aerodynamic
forces and the earth's gravitational field, Furthermore, under the influenoce
of electromagnetic forces the rotational velocity of the satellite gradually
deoreases, By ocarrying out measurements of the satellite's position at in-
dividual instants of time and by processing the results of these measuremsnts

with consideration of the equations of motion of the satellite, we can obtain

16
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a complete piocture of its motion relative to the center of gravity,

. In oonolusion we must note that knowledge of the current orientation of

a satellite is extremely important from the point of view of setting up many
scientific experiments, When analyzing the motion of a satellite in orbit

it is frequently necessary to know its orientation also since with an elongated
shape of the satellite the coefficient of aerodynamic drag substantially de-

pends on its orientation relative to the velooity wector,

17
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Peculiarities of motion of space vehicles in the solar system
. Flights to the Moon, Mars and Venus
Van-made planets
As shown above, when analyzing the motion of a space vehicle it was found
to be possible in the first approximation to take into account the attraction
of only that heavenly body in whose sphere of influence the space wvehiocle is
loocated, Under these conditions the motion of a space vehicle within the

sphere of influence of each heavenly body (to be examined in a coordimate

system connected with this body) takes place according to one of the oonio
seotions-;ellipse, parabola or hyperbola~-and is Kepler motion,

When a space vehicle reaches the boundary of the sphere of influence, the
parameters of its motion must be recalculated in a new coordinate system of

the heavenly body in whose sphere of influence further motion of the space

i
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$ vehicle is to take place, ’

§ (; This approximate method of studying the motion of space vehicles with re-
; . spect to the individual characteristio phases, in spite of its simpliecity,
allows the most important laws of flight of space vehicles to be established
with sufficient aocuracy in many ocases and also allows the fundamental chara-
oteristics of their trajectories to be determined, These cases are, in
particular, flights to the Moon and other planets using chemical=fuel rookets,
Starting from these premises, let us examine the problem of flight to the
Moon,
The Moon, a natural satellite of the Earth, moves about it in a near-
ociroular orbit, The length of one orbit of the Moon about the Earth is
ebout 27,3 days, Its distance from the Earth is on the average 384,400 km,
The velocity of the Moon in orbit is about 1 km/-ec. Moving at this velooity,
the Moon desoribes in the course of one day an arc of about 13° about the

{~ oelestial sphere, The plane of the orbit of the Moon is at the present time

18
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inclined at an angle of about 18° to the equatorial plane of the Earth,

Three fundamental types of flights to the moon may be representeds

a) the landing of a space vehiocle on the Moon;

b) a flight around the Moon and returning to BEarth;

o) a flight close to the Moon with the subsequent ejeotion of space
apparatus beyond the sphere of influence of the Earth, converting it into a
satellite of the Sun——an artificial planet,

Each of the types of flights is of individual interest, permitting the
solution of a definite range of scientific problems

Investigation of the problem of the minimum velooity necessary to reach
the Moon indicates that in order to bring a space vehicle olose to the Moon
in the first orbit, it 18 necessary to assign it & velocity greater than or
equal to vomin’ which is a function of the altitude at the end of the cjection
phase, At an atlitude of about 200 km, Vo, = Vpar—95 m/sec (here V.. is
the parabolic velocity at the given altitude), The orbit of a space vehiole
at vo'VOmin is an ellipse with apoge equal to the distance from the Earth to
the Moon's orbit,

A flight to the Moon in this way can be acoomplished with various initial
velocitiesy the lower the initial veloscity the higher the parabolic velocity,
Consequently, the trajectory of the space vehicle before entry into the Moon's
sphere of influence may be elliptical, parabolic or hyperdboliec,

After the space vehicle reaches the boundary of the sphere of influence of
the Moon, its parameters of motion must be, in aoccordance with the approximate
method, recalculated in the coordinate system oonnected with the oenter of
the Moon=-~in the so~called selenocentiric system of coordinates, For this the
velooity veoctor V* of the space vehicle must be added to the veoctor which is
the inverse of the velooity vector of the center of the Moon in the geocentric

coordinate system V, (Fig, 13). The bdeginning of motion of the space vehicle
i
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in the selenocentric system corresponds to the point of entry into the sphere
. of influence of the Moon B,

It can be shown that the trajeotory of a space vehicle within the sphere
of influence of the Moon in the selenocentric coordinate system is always
hyperbolic, This is explained by the faot that at any flight trajectory from
the Earth to the boundary of the Momn's sphere of influence, the selenocentrio
velooity of the space vehicle at the boundary of the sphere of influence will

exceed the parabolic velooity relative to the Moon (0,383 km/sec) by at least

E & factor of two, Owing to this, any approach trajeotory, passing by the
Moon, must go beyond its sphere of influenoe1.
From this comes the statement on the impossjbility of the capture of a

space vehicle by the Moon's gravitational field, In order to transform a

é space vehicle into an artificial satellite of the Moon, it must be given an

: additional velooity such that its velocity in the selenocentric system will

(: be lowsr than the parabolic velocity. For this the space vehicle must be
equipped with roocket motors to be switched on when entering the Moon's sphere
of influence,

Flight to the Moon is most favorable when the plane of the trajeoctory of
the space vehicle coincides ;1th the plane of the lunar orbit, This can be
realised by launching the rockets from the equatorial regions, In other cases,
when the rocket is launched from the middle or polar latitudes, and, in
particular, when launched from the USSR, the plane of its trajectory cannot
ooincide with the plane of the Moon's orbit, Flights to the Moon under these
conditions are a more difficult problem and necessitate higher demands of power

and accuracy of the oontrol system of the space vehiole,

k 1 When using the approximate method the parameters of motion of the space ve-
{ hicle at the point of departure from the Moon's sphere of influence must be
again reocaloulated, in the geocentric coordinate systenm,

:
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Mg. 13, Diagram of flight trajectory to the Moon lying in the Moon's
orbital plane,

L1-—-position of Moon at the time of launchingj Lz—position

of Moon when the space vehiocle reaches the boundary of the Moon's
sphere of influence; B--point of entry of trajectory in the
Moon's sphere of influencej V1—-volocity of Moon in orbit;
V¥.wyelocity of space vehicle :t point B in geocentrioc coordi=-
natess L3—poeition of Moon at moment of approach from space

vehiocle,

Let us examine this problem in more detail, Let the rocket be launched
from the Northern hemisphere of the Earth and the point A, corresponding to
the end of the ejeotion phase, be located at lutitude’? g, and the Moon at
point L at the moment of impact (Pig, 14),

The orbit of the space vehicls, passing through points A and L, lies in the
plane AOL, where OAis the center of the Earth, The angle between the bearings
OA and OL is oalled the range angle @ o Its magnitude is a funotion of the
position of point A, which moves parallel to the rotation of the Earth, and
also of the poisition of the Moon in its orbit at the moment of impact,

The largest value of the angle Q is ®hen the Moon's declination is close
to =18° at the moment of impact (the Moon is below the equatorial plane), and

the rocket is launched at the moment when the Moon is close to the lower
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Fig, 15.
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Diasranm of the fli~ht trojcetory to the lioon of a rocket luunched

from the lorthern hemicphere of the Earth,

A=-launchin;, point; Vg==velocity <t the end of the ejection phasej

L=-pocition of the Moon at the moment of impact;&--range angle,

Tra jectory of fli,ht to the loon,

a==at minimu declirction of tie Mioon at moment of impsety

be=at meximur declinction of tiue Moon at moment of impoicte.

(the orbital nlene «f ti.c sy cu vehicle ccincides with the Earth's
axis)
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culmination point (relative to the launching point), Consequently, the lowest
® value of P is when the Moon's declination is oclose to +18°, This may be il
lustrated most graphically when the orbital plane of the space vehiocle coin-
cides with the axis of the Earth, i,e,, when the inclination of the orbit
equals 90°, The maximum value ofé in this oase is P + 180° + 18° -\Pg
(Fig., 15a), and the minimum is § = 180° - 18° -?g (Pig. 15b).
Now let us examine how the magnitude of the angle @aﬁ’eots flight condi-

tions to the Moon, From the above formulas of motion of a space vehicle in

the central gravitational field, it follows that its parameters of motion at

the end of the ejection phase and at the point of impaot must be uniquely

"(‘vro T '86'4’) "0 (1.36)

par L

connected with the funotion

where Vo and Vp are the velooity of the space vehicle and the paraboliec

ar
(- veloocity at the end of the ejection phase respectively; rp and r; the distances

from the center of the Earth to the end of the ejection phase and to the Moon's
orbity and 29'0 is the angle of inoclination of the velocity veotor to the
horigon at the end of the ejeotion phase,

Since the ratio To is small and for all practical purposes constant, at

any given value of L Vo the angle‘p'o is a function only of& . Mg, 16
par
shows the funotionz% = £(§) at various values of V, and hy = 200 km,

As is apparent from the graph, for all values of V, the magnitude °f"90

decreases substantially with an increase ind .,
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Fig, 16, The dependence of the angle of inclindtion of the velocity
veotor‘déupon the range angle @ o

1==8t Vo = Vpar =50 m/secy 2==Vo = Vpapns 3==Vo = Vpup
3=V = Vpap + 100 n/secs 4=—Vo = Voar + 200 m/sec.

The decrease in-v"o, i,e,, transition tc more sloping ejection trgjootorios,
entails a lowering of losses in overcoming the gravitational forcee[ g 8in
1966.1: and permits increasing the pay load of the rocket,

From this it follows that when launching the space vehicle from the middle
latitudes of the Northern hemisphere, from the point of view of power, it is
more advantageous to launch the rockel when the Moon is near its orbital
point of minimum declination, In this case it is possible to put the maximum
payload into orbit, When launching a rooket at an earlier or later date, the
maximum possible payload is decreased, However, when the launching date
deviates from the optimum date by several days, the decrease in payload is
comparatively small, In practice, in the course of each lunar month there
are intervals of time of about a week in whioh flight conditions to the Moon
are favorable, When the dates greatly deviate from the optimum, considerably

lower payloads are possible,
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Fig. 17. Duration of flight of space vehicle to the Moon (ho = 200 km),

The duration of a flight to the moon is determined by the roocket's veloocity

relative to the parabolic velocity (Fig. 17). At minimum initial velooity

B

g (Vb = min) the flight duration is slightly over foﬁr days, at Vb - Vi‘r it
’ is about two days, and at 2 veloocity exceeding the parabolioc velocity by
500 m/sec, it is about one day,
When making flights to the Moon, it is in most oases necessary to observe
the space vehiocle and to receive telemetric information while the vehicle is
(‘ approaching the Moon and at the moment of impact, For this it is necessary
’ that the Moon during this period be located in relation to observation points
near the upper culmination point, At the same time, as shown above, consider-
ing power it is advantageous to launoch the rocket when the Moon is located
near the lower oulmination point relative to the launching point, It is
obvious that both of these conditions can be fulfilled only if the flight
duration is a multiple of one half day, i.,e,, one half day, one and one half
days, two and one half days, eto, The most advantageous is a flight of about
one and one half days, for which the velocity of the space vehicle at the end
of the ejection phase must somewhat exceed the parabolic velocity (by approxi-
mately 150 m/aec). A flight with a duration of about one half day requires
oonniderably exceeding of the velocity at the 2nd of the ejection phase over
the parabolic velocity, while flights of two and one half or more days require

. more acocurate ejeotion of the vehicle into orhit for striking the Moon,
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For flights around the Moon with return to Earth, the velooity of the
space vehicle at the end of the ejection phase must be less than the parabolic
velocity, Depending upon the degree of nearness to the Moon, two basic types
of flights may be distinguished—-far and near flights around the Moon,

In a far flight around the Moon, when the minimum distance from the space
vehicle to the Moon is 40,000 km or more, the effect of the Moon's gravitat-
ional field upon the space vehicle's motion is not great, and its orbit in
the geocentric system will be close to elliptical, If the rocket is launched
from the middle latitudes, the angle of inclination of the velocity veotor
at the end of the ejection phase will be substantially different from zero and,
therefore, the elliptical orbit will interseoct the Earth's surface, As a re-
sult, the space vehiocle will at the end of the first orbit pass through the
dense layers of the atmosphere and be destroyed,

Of special interest is the so=called near flight around the Moon, when
the minimum distance of the space vehicle from the Moon is about 5 to 10
thousand km, In this case it is possible, using the gravitational force of
the Moon, to ochange the nature of the orbit of a space vehicle in the period
of its first approach to the Moon in such a way as to obtain a new orbit,
corresponding ¢to the new requirements, In particular, this change in orbit
can be ensured so that the space vehicle will be transformed into an arti-
ficial Earth satellite, moving in an orbit with perigee equal to several tens
of thousands of kilometers, and apogee reaching one half million kilometers,

An example of this type of flight is the flight of the third Soviet cosmic
rocket with an automatic interplanetary station,

let us now examine the case when the trajectory of the space vehicle leaves
the limits of the sphere of influence of the Earth, In these cases the velooity
at the end of the ejection phase exceeds or equals the parabolic velooity,

and the trajectory within the sphere of influence of the Earth is hyperbolio
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Fig, 18, The dependence of the‘Qelooity of a space vehicle at the
boundary of larth's sphere of influence upon its velooity
at the end of the ejection phase (h0 = 200 km),

The velooity of a space vehicle at the boundary of the Earth's sphere of
influence V*, as is apparent from Formula (1.18), is uniquely determined by
the velocity Vgp and altitude ho at the end of the ejection phase, The de-
pendence of V* upon Vb at hy = 200 km is shown in Fig, 18, When the velooity
at the end of the ejection phase is equal to the parabolic velooity (Vb-Vp‘r),
the velooity at the boundary of the sphere of influence V*Z0,9 km/seo.
Inoreasing Vg by 0.5 kn/eeo relatix to Vpar leads to an increasu in V¥ to
3.3 xm/sec, and an inorease of 1 km/sec will lead to an inorease in V* to
4,9 km/aeo. At velocities close to the parabolic velocity an inorease in Vj,
by 1 km/sec leads to an inorease in V* by 5 to 8 m/sec,

The motion of a space vehicle after leaving the Earth's sphere of ine-
fluence may be caioulated starting from its parameters of motion at the point
of departure, The velooity of a space vebiocle in helioocentric coordinates
may be obtained by summation of the velosity veotor V* and the velocity vector
of the Earth's ocenter at the corresponding moment in time 3;. This veloecity

vector Fbo also determines the nature of the motion of a space vehicle in the

heliocentric systen,
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If Voo i8 less than the parabolic velooity relative to the Sun Vb&ro, the
' motion of a space vehicle in the solar system will be in an elliptiocal orbit,
and it will be transformed into a solar satellite——an artifical planet, If

Vbo is equal to the parabolic velooity or exceeds it, the motion of a

v
pare
space vehicle will be in a parabolic or hyperbolic trajectory. In these

oases it will leave the solar system forever,

; Let us determine the minimum velooity whioch must be given the space vehiole
2 for this when leaving the Earth, The average velocity of the Earth is Ve =

% 29,75 km/sec and, therefore, the parabolic velocity relative to the Sun, cal-

( ocula*ted taking into acocount the average radius of the Earth's orbit, equals
Vb‘ro-qu—VE = 42 km/seo,

Let us assume that the velocity wector of the space vehicle at the bound=-
ary of the sphere of influence is parallel to the wvelocity vector of the
Earth's orbital motion, which may be ensured by the appropriate choice of the
launching direction of the space vehiole, Under these conditions the space
vehiole will move in the heliocentric system with the parabolioc velocity if
its velooity in the geocentrdic system is V* = Vb.ro - Vg = 12,25 km/soo, for
whioh its velocity at the end of the ejection phase, as is apparent from Fig,
18, must be about 16.5 km/sec.

The velocity necessary to take a space vehiole beyond the Sun's gravita-
tional field is called ths third cosmic velocity., It magnitude at altitude
hy = 0, i,e,, at the Earth's surface, is about 16.7 km/sec,

Let us examine in more detail the motion of a space vehiole in the solar
system in an elliptical orbit and, in particular, flights to other planets,
In the first approximutién let us assume that the motions of the Earth and
other planets is in a circular orbit whose radii correspond to the average
radii of their actual orbits, Let us assume that the orbits of all planets

- and the trajectorise of the space vehicles lie in the same plane,
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Let the trajeotory of the space vehicle in the Earth's sphere of influence
. be taken such that the veloocity vector at the boundary of the sphere of in-
fluonoe.§¥ is parallel to the Earth's wvelocity vector.;;. If the directions
of these coinoide, the veloocity of the space vehicle in heliocentrioc coordi-
nates will equal their arithmetical sum and be a maximum for the given value
of the velocity V*,;, The orbit of the space vehicle in heliocentric coordi-

nates i1 this case will envelope the Earth's orbit, tangent to it in the

perihelion at a distance from the Sun of the radius of the Earth's orbit

Tyr= Tyo The distance from the Sun to the aphelion of thg orbit T, will

be a funotion of the velocity of the space vehicle, Values of r, as a
function of the velocity at the end of the ejeotion phase Vb at ho =« 200 km
are shown in Table 12,

TABLE 12

Distance from the Sun to the aphelion of the orbit at various values
of the velooity at the end of the ejection phase,

Velocity at end " Excess veloocity Distance from Sun
of ejection phase over the para- - to aphelion of orbit
in 5%4390 bolic in km/sec in miélions of km
"° 0 ’

11,515 0,5 47,7

12,015 1,0 314,19

13,015 - 2,0 480,1

14,015 3,0 760,3

15,015 4,0 1400,0

16,015 5,0 4618,0

From these data it is apparent that when the-velocity of the space vehicle
exceed the parabolioc velocity by 0.5 kh/sac, the aphelion of its heliocentrio
orbit will be located beyond the orbit of Mars, at a velocity exoeeding the
parabolic by 3 km/sec, it will be close to the orbit of Jupiter, and at a
velooity exodeding the parabolioc by 4 km/sec, it will reach the orbit of Saturn,

If the direction of the velocity veotor of the space vehicle at the boun-

dary of the sphere of influence is opposite that of the velocity vector of the

="
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Earth, the velocity of the vehicle in the heliocentric system will equal their
. difference and be a minimum for the given value of V*,, In this case the
orbit of the space vehicle will be within the Barth's ordbit, tangent to it
in the aphelion (ra =ry),
The distances from the Sun to the perihelion of an orbit of this type at
the end of the ejection phase Vo at hO = 200 km are given in Table 13,

As is apparent from the table, when the veloocity of the space vehicle Vo

exceeds the parabolic velooity by 2 km/seo, the perihelion of its orbit will
' be close to the orbit of Meroury., To bring the orbit of the space vehicle

h close to the Sun it is necessary to assign it a very high veloocity at the end
of the ejection phase, To attain a distance of 30 million km from the Sun,
the sphace vehicle must have a velocity of 16.7 km/soc, exoeeding the third

cosmioc velooity,

TABLF 13
{ Distance from the Sun to the perihelion of the orbit at various veloci-
ties at the end of the ejection phase,

Viibcity at the end "~ Exoess veloocity “Distanoe from Sun %o

of ejection phase over parabolio perihelion of orbit

in km[seo in km[seo in millions of km
11,015 4} 132,
11,515 0,5 95,6
12,015 1,0 80,3
13,015 2,0 61,8
14,015 3,0 49,8
15,015 4,0 40,9
16,015 5,0 33,9

Thus, approaohing the Sun at close distances presents a greater power
problem than going beyond the Sun's grav.tational field,

These orbits of space vehicles may be used for flights to other planets
of the solar system, The minimum necessary velooity for a flight to a given
planet will correspond to a semielliptical orbit, which in its aphel?on and
perihelion is tangent to the orbit of the Earth and the planet named., The

range angle of the orbital phase of the flight in the heliocentric system will

k1o
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be Pt = 180° (Figs. 19 and 20),

. TABLE 14

Values of the minimum possible velocities for flights to the planets

(hy = 200 km)
i _ |
Plsnet Velocity at end Flignt duretion
of ejection phese in years
inm/aag
Mercury 15.31 0,29
Venus 11,25 0,40
Mars 11,35 0. T
Jupiter 14,05 2.72
Saturn 15,05 1%.34
Uranus 15473 30.6
Neptune 16,00 .

The values of velocities neoceasary for flights to other planets in semi-
elliptic orbits and the duration of these flights, caloulated for the average

radii of the orbits of the planets, under the assumption that all orbits lie

{, in one plane, are shown in Table 14,
TABLE 15
Orbits of a flights to Mars
Tnitial velocity, “Range angle, Flight duration,
for heliocentric degrees months
orbit 860
2, 180 8,63
33, 124 5,25
34,1 108 4,32
35,71 97 3,77
36,71 90 3,40
37,1 85 3,10
At an increase in the velocity Vy in comparison with the minimum required,
the intersection of the orbit of the space vehicle with the ~+~bit of a planet
will take place at a lower value of the range ungle?? <fl. Simultaneocusly,
the duration of the flight is inoreased, The basic data on these orbits for
i» flights to Mars and Venus are given in Tables 15 and 16,
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Fige 19

Tra jectory of flicht to Flzwx;s;

O==Sunj re--avercge radius of Iurth orbit; ry=aversce rediuvs of
orbit of iixrs; Vo--velocity of speee wehilele ut 2nd ¢f ejection
phase; Vg==velocity of Eurth in ordit; Ve#-wvelocity of space vehicle
at boundery of the E.rth's sphere of influence in geocentric system;

Vo ==velocity cf vehicle at Loundary of Earth's sphere of influence
c

in heliocerntric system (initiul velocity -or heliocentric orbit)'“ -

perihkelion of helioeentric orbit; ge=-aphelion of heliocnetric orbit;

Q“ ’3 eeringe wnzle for heliocentric orbits,
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Tra jectopies for flicht to Venus,
O==Sun; re--averaee radius of isarth's orbit; ry--everage radius of
orbit of Venus; Vg--velocity of space vehicle at end of ejection

phase; ve--velocity of spa@e veliicle et boundary of Ecrth's sphere of

influence in feocentric systen:; Vo -=velocity of vehicle at bound.ry
c

of Ecrth's sphere of influ.nce (initiel velocity for heliocezitric

orbit) in helieesntric systemj f=-perihelion of helioecentric orbit;

a-=aphclion oi heliocontric orbits ilnrung;e al.le,
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In orde¥ that the space vehicle make contact with the planet, the time of
its launching must be chosen such that the mutual position of the Earth at

the moment of launching and the planet at the moment of impaot be fully deter-

mined,
TARLE 16
Orbits of a flight to Venus
Tnitial velocity “Range angle, " ¥1ight duration,
for heliocentric degrees months
oxbit, dm/wec
7. I .
* 180 H 4,87
2,2 130 3,3
"” ” z'”
2%,28 7 2,52
g.” ' 2,3
Oa . “ 2".

The favorable mutual positions of the planets are periodically repeated,
For flights to Mars, their repetition period is 2,14 years, and for flights
to Verus, 1,57 years,

It should be noted that this data on the required veloocities for flights
to the planets, owing to assumptions made in their caloulation, are approxi-
mate and desoribe the lower limit of required velooities, They are wvallid when
impact takes place near the node of the planet's orbit, i,e,, when the space
vehicle's motion is in the plane of the eclipse,

In other oases, when the space ship makes ocontaoct with a planet in a
period when it is not in the plane of the eclipse (due to the fact that its
orbital plane makes some angle with the plane of the eclipse), the velocity
necessdry for a flight to the planet is found to be consideredly greater,
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Fig, 21

Trajectories of transition of space vehiole

to circular orbit around the Sun,
O==Sun; voop Voon—-velocity of space vehicle at boundary of the Earth's
sphere of influence in heliocentric system; va.I’ V-,rII—velooity of
space vehicle at point of transition to ciroular orbit about the Sung
AVI’ AVII—udditionsl velocity necessary to put vehiole in oircular
orbit; Vka, Vkpn—oiroular velocity; Ty ryr—-radius of oircular
orbit} r~-average radius of Earth's orbit, Subsoript I pertains to
space-vehicle orbit of greater radius than that of Earth, II denotes
orbit smaller in radius than Earth's,

TABLE 17
Values of total velocity necessary for ejection of space vehicle into
t 8

fus of oire Total velooity,
oular orbit, km/sec
million km
) 4
(0rbit of Meroury) 23,0 (orbit of Saturn) 20,5
108 2869
(Orbit of Venus) 14,0 (orbit of Uranus) 20,4
228 4495
(Oxbit of Mars) 14.0 (0orbit of Neptune) 20,1
788
(0rbit of Jupiter) 19.7
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In conclusion, let us examine the problem of oreating artificial satellites
of the Sun (artificial planets) which move in circular orbits, For this the
space vehicle must be first of all be placed in a semielliptiocal transitory
orbit, tangent to the aphelion or perihelion of the given oiroular ordbit,

When the space vehiocle reaches the aphelion (or perihelion) of the transitory
orbit, it must be given an additional velocity AV for its transition into
ociroular orbit (Fig, 21).

Values of the total velooity Vy + AV necessary to put the space vehiole

into a oircular orbdis, tramsforming it into an artifiocial planet, are shown

in Table 17.
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Requirements on the Acourscy of the Motion Parameters
at the End of the Ejection Phase

For a space apparatus to move along & given orbit it must have definite
motion parameters, Even slight errors in the magnitude and direotion of the
velocity at the end of the ejeotion phase oan result in oconsiderable devia-
tions of the orbit of the vehicle from the calculated orbit,

Let us demonstrate the extent to which these errors influence the orbital
oharacteristios and the lifetime of artifiocial earth satellites,

As illustration, Table 18 gives data on the change of the basic para-

meters of the orbit of an artificial satellite, the heights of the perigee

and the apogee, when there are errors in the velocity and the angle of in-
clination of the tangent to the trajeotory at the end of the ejection phase

(the oase of ejection of a satellite at the perigee of tLe orbit,)

(: TABLE 18
Influence of Ejection Errors on the Perigee and Apogee of the Orbit

Tnitial orbital parameters: =

_RRight oF Epasesnan, i 88 11580 | 5030 |15000 |3080

Change in orbital parameters
with ejection=veloocity
errors of ¢ 10 m/secs

Change in height of perigee, km,, 0 0 0
Change in height of apogee, km,,, 3912 40 £ 73 190 | 472

*

Change in orbital parameters
with ejeotion-angle errors of + 1°; :
Change in height of perigee, km,, =25 =13 [=4,8 j«2,8
Change in height of apogee, km.,, + 251+ 13 |+4,8 |+2,8

N N
v\

+ 0

From the table it is evident that a velocity error causes a corresponding

: change in the height of the apogee and the circling time of the satellite,
without affecting the height of the perigee, For low orbits, the change in
height of the apogee is only weakly dependent on the initial values of the

(: orbital paramenters, However, as the orbital height increases, the influence
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of velocity errors on the height of the apogee and on the circling time of the
satellite inoreases noticeadly,

An error in the ejection angle always results in a decrease of the perigee
height and a corresponding inorease of the apogee height, Since satellite
deceleration ooccurs mainly near the perigee, this results in decreased satel-
lite lifetime,

For an orbit with an apogee height of 800 km and a perigee height of 250
km, a 1° error in the angle at the end of the ejection phase decreases the
perigee by 25 km, causing a two;fold decrease in the lifetime of the satellite,

The influence of ejeotion angle error on the height of the perigee de=-
creases with increasing excentricity of the orbit, i,e,, with inoreasing height
of the apogee and unchanged perigee height, For an orbit with a perigee of
250 km and an apogee of 1500 km, the perigee decreases by 13 km due to the
same eorror in the‘ejeotion angle as above, There is only a 1,5=fold decrease
in the lifetime of the satellite due to this ejeotion angle error, Conse-
quently, for more elongated orbits the deorease in lifetime of thke satellite
due to ejection errors will be less than for orbit olose to ciroular,

Angle errors do not affect the cireling period siuce in this‘oaao the
value of the major axis of the elliptiocal orbit remains constant,

Let us now show the influence of errors at the end of the ejection phase
on the orbits of space vehicles for lunar flights, Let us treat first the
most favorable ocase, when the orbit of the space vehicle lies in the plane
of the moon's orbit, As has been mentioned, this will be the case when a
rocket is launched from the equatorial regions,

Let us assume that the ocaloulated orbit passer through the center of the
moon, Mgure 22 gives the values of maximum velocitys Vv, and angled 3, errors
(corresponding to orbital inclinstion from the center to the edge of the moon*)

# See Uspekhi Misicheskikh Nauk (Progress of Physiocal Scjiences),43, No,1a,101,1957,
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From these graphs it follows that the values of the maximum errors 5V, and
$ jo change substantially depending on the excess velocity at the end of the

ejeotion phase with respect to local parabolic velooity 5V° «V, = Vw.
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Figure 22, Values of the maximum velooity & V_ and
angle §,9 errors when landing on the moon, for®the
oase whef the orbit of the space vehicle lies in the
moon's orbital plane,

For velooitiés which are 50-60 m/sec less than parabolic, i.e,, for
elliptical orbits, Svo =10 m/sec o.ndS,?o « 0,4°, For veloocities greater
than parabolic, hyperbolio orbits, the maximum veloocity error increases to
20 = 40 m/sec, while the maximum angle error deoreases to 0,3°. Considering,
however, that orbital inolinations are determined by the combined influenoce
of velocity and angle errors, and also bearing in mind that there are other
errors which lead to orbital inclinations, we oan consider that for hyper-
bolioc orbits in the moon's orbital plane the errors at the end of the ejection
phase should not exceed the following values: 10-20 m/sec,
0,15=0,20°,

When a rooket is launched toward the moon from the middle latitudes, e.g,,

velocity errors

angle erroxr:

from the USSR, the requirements in the acouracy of the motion parameters neces-
sary for landing on the moon are considerably inoreased,

For the hyperbolioc orbit of the seoond Soviet space ship a veloocity error
of 1 m/sec would have resulted in & 250-km deviation in the point of impact

on the moon, A deviation of the veloocity wveotor from its caloulated direction
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by one angular minute would oause a 200-km shift in the impact point,

Deviations in the impact point are also noticeably affeoted dy errors in
the coordinates at the end of the ejeotion phase and by errors in the launch
time, When the launch time deviates by 10 seoconds from the caloulated time
there is a deviation in the impaot point on the moon's surface of the order
of 200 km,

From these data we can conclude that when a rocket is launched from the
USSR toward the moon, the velocity error at the end of the ejection phase
should not exceed se¢veral meters per second, while the velocity vector should
not deviate by more than 0,1° from its caloulated direotion,

BEven greater influence is exerted by orbital ejeotion errors when launch-
ing space vehicles to other planets, For a flight to Mars on an elliptical
orbit whioch assures approach to Mars at its aphelion, a velocity error at the
end of the ejeotion phase of 1 m/seo causes a deviation of the order of 30,000
km in the orbit of the vehicle near Mars, Therefore, for such flights the

movenment of the vehicle should be ocorrected in flight,
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Space hockets and Carrier Rockets for Artificial Satellites
Ejection into Orbit

As has already been mentioned, the basic problem in launching a space
vehicle is the ejection into orbit, giving it a velooity equal to or exceed-
ing orbital velocity at the corresponding height,

The basioc means for solving this problem at present is the multistage
rocket with liquidepropellant engines operating on ochemical fuel,.* In the
near future we can expect the appearance of space rookets operating on nuclear
power,

The multistage (or compound) roocket, first envisioned by Tsiolkovskiy,
oconsists of & number of connected rockets, Let us examine this, using as
our example the three—stage rooket shown in Fig, 23, Each of the three rock-
ets has its own engine and tanks for fuel and oxidizer, The first stage
inoludes all tlree rockets, the second and third rockets being, as it were,
the payload of the first rooket, When the engine of the first rocket burns
out it is separated, and the second stage, consisting of the second and third
rockets, oontinues the flight, When the engine of the second rocket burns
out, it is also separated and the third rocket (third stage) cuntinues the
flight alone,

Thus, in a multistage rocket as the fuel is expended the individual stages
drop away, Therefore its acoceleration, for the same reactive force, is greater
than that of & single-stage rocket with thg same characteristios, As a re-~

sult, the rocket acquires greater velcoity.

* In certain oases a space rocket _ay have individual stages using solid-
fuel (powder) engines.)
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Pigure 23, Diléruﬁ-of a three-stage rocket,
1) engines; 2) fuel tanks; 3) payload (space vehiole)

Figure 24 is a diagram of the trajectory for ejecting a satellite into
orbit., The angle of inclination of the veloocity veotor to the horison at a
given point of the trajectory is designated byJ o« The ocarrier roocket is
launched vertioally (../; = 90°), Then, after a short vertical-ascent phase,
the rocket gradually begins to turn about its transverse axis acoording to
a set program, resulting in a ocurve in its motion trajectory, Be seleoting
a oorresponding program for the turn of the rocket with time, we osn obtain
the required values for the height ho and angle 4}0 at the end of the release
phase,

When the satellite is ejected into ordit, "}o = 0 (Fig, 24). When space
vehicles are launched toward the moon or other planets, and angle -u% as &
rule does not equal gero, but is determined by the launch conditions the date
of launch, the mutual position of the planets, the geographic latitude of the

launoh site, eto,
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Figure 24, Diagram of the trajectory for the ejection of satellite
into orbit,

Let us analyse the basic factors which determine the velocity of a mlti=

stage rocket at the end of the ejeotion phase, Let us examine the equation

of motion of & rooket in projection onto the tangent to the trajectorys this

equation has the form o

(1.37)
where G is the ourrent weight of the rocketj dv/dt is the acceleration of

(- the rooket; g is the acceleration due to gravity; 8o is the acceleration
due to gravity at the earth's surface (at sea level); P is exhaust thrust;

i X is the drag force; and vaia the angle of inclination of the veloocity

veotor to the horison,

The thrust of the rooket oan be expressed in the form
s (1.38)

where ¢ is the jet velocityy o/g- = P is the speoific thrust of the engine
- o] ap ’

and - (a6/at) is the fuel consumption (change in weight of the rocket per

f unit time),

Then Equation (1.37) can de ziven in the form ]
AR I (1.9
Integrating the equw..on from th; launch time (t = 0) to the time correspond-

115 to the end of the ejection phase (t = tg), we get the velocity of the

o

rosket at the end of the ejection phases
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where m is the number of stages; and oy, 001, and Gki are, respectively, the
exhaust velocity, the initial and the final weight of the individual stages,
The first term on the right in (1.40) ocofresponds to the Tsiolkovskiy
formula and defines the velocity of a rocket when no external foroes act on
it, the so~called charaoteristic velooity of the rocket, The seocond term
on the right characterises tha veloocity lost due to predominmation of drng
forces, and the third term characterizes velocity lost to gravity., We have

negleoted, in (1,37), the losses in velocity due to non-correspondence be-

*
#

tween the direotion of thrust and the velooity vector (angle of attack),
since these are relatively slight,

When & space vehicle is eJeoted into orbit, the total velooity lost due

to gravity and drag is about 2000-3000 m/aec, on the average, Therefore, to

impart to a satellite a velocity of the order of 8000 m/sec the carrier

a3 ool
X ¢

rocket should bave a characteristic velocity of about 10,000=11,000 m/seoc,
while to impart to a space vehicle a veloocity of ‘he order of 11,000 m/sec
the carrier rooket should have a characteristic veloocity of about 13,000-14,000
m/sec,

The oharacteristio veloocity of a multistage rocket, as can be seen from
Equation (1.40), equals the sum of the product of the exhaust velooities, in

natural logarithms, and the ratios of the initial and final weights for the

individual stages,
If we assume that the exhaust vclooity g is idemtical for all stages, and
the relative design weights for each stage &y = Gdi/oo are equal
i

(l1 - 02 " ,,0 = 8

1 ™ &p = 8), We can show that in the optimal case, which

assures maximum characteristic velooity, the initial weights of the stages

( should be distriduted according to the law of geometrio progressions

$
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Fig, 25, Relative cheracteristic velosity of rockets having various
numbers of stages vs, the ratio of initial weight to payload weight,
topt g = 0,10; bottoms o = 0,20,
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(1.41)

or

where Go 2 Gg 5 o0y Go are the initial weights of the stages; GP is the
1 2 m

weight of the payload (space vehicle), The initial weight of the first stage
equals the total initial weight of the rocket, 001 = G,

The characteristic velooity of such a multistage rocket can be expressed

- 1

, ""mh.[:—(g}_)ﬁ; (1.42)

by the formula

The connection between the parameters in this formula is given conveniently
in the form of & graph of the relative characteristic velooity Vu/o vs, the
ratio of the initial weight of the roocket to the weight of the payload oo/op
for various numbers of stages m, Figure 25 shows such graphs,

From these it is evident that, depending on the value Vu/o, there is a
certain number of stages whioch ulﬁrec a minimum ratio between rocket weight
and payload weight, In addition, it also follows from the graphs that a
single~-stage roocket (m @ 1) cannot have the velooity necessary for ejeocting
s satellite into ordbit if it does not have an exhaust velocity greater than
5000 m/sec, which is impossible for modern chemioal-fuel rockets,

The family of ourves which corresponds to roockets with various number of
stages has an envelope (dashed line in Pig, 25), We can show that the maximum

oharacteristic velocity for such an envelope ocan be expressed by the formula
_tamEemg (1.43)

where the value of K depends on the relative design weight (Pig, 26),
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Pig, 26, Value of the coefficient X'vs, a,

From this formula it is evident that the maximum velooity of a rooket
with optimum parameter selection depends on the ratio of its initial weight
to payload weight, the jet veloocity, and the relative design weight, In

this case, the initial weight of the roocket which assures ejection of a

space vehiocle of a certain weight into orbit, as oan be seen from Fig, 25,
varies within broad limits, depending on the specific values of the exhaust
velocity and the relative design weight,

When a satellite is ejected into an orbit having a given perigee and
£ apogee height, its motion in orbit oan be begun from any point on the orbdit,
generally speaking, It is merely necessary to oarry the satellite to a
height oorresponding to the given point on the orbit and impart to it the
necessary veloocity in the direotion of the tangent to the orbit at this
point, The higher the point of the orbit, the less velooity must be imparted
to the satellite, Minimum velocity must be imparted to the satellite if its
orbital motion begins at the apogee,

However, from what has been said we cannot draw the conclusion that it
is expedient to ejeot a satellite into the apogee of an orbit, Analysis of
the prodlem has shown that the additional expenditure of energy necessary to
1ift the satellite to a great height exceeds the energy gained by virtue of

the faot that less velocity must be imparted, Therefore, energywise, it is

e et 0

beat to eject & satellite into orbdit near its perigee,
When the perigee of the given orbit is relatively low (of the order of

2R
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hundreds of kilometers) the satellite can be ejeoted immediately at the end

of the powered phase of the trajeotory of the ocarrier rocket, as shown in
Fig, 24, As the ejection height inoreases, there is alsoc increased power ex-
penditure due to the effect of gravity in the ejection phase,

For high orbits, when the perigee can be at several thousands of kilo-
meters, suoch an ejeoction method ocannot generally be used because of limitations
of the powered phase of the trajeotory, In this case, the satellite must
first be ejected into a certain transitory orbit having a relatively low
perigee, At a oertain point on this transitory orbit the carrier rocket
should impart to the satellite an additional velobity to assure its transition
to the given orbit, Thus, in this oase the ejection trajectory will oonsist
of two powered phases, separated by an inertia-flight phase,

Analysis of such an ejection method has shown that energywise, the optimum
ejection of a satellite is that along a semielliptical transitory orbit whose
perigee is as low as possible and whose apogee coincides with the perigee of
tae final orbit (Fig,. 27).

The angle of inclination of the velooity veotor at the end of the ejeotion
phase into the transitory orbit, at point P', is gero (,90 = 0), Secondary
cut=in of the rocket engine occurs at point A', The thrust direction should
coinoide with the tangent to the trajeotory at this point,

Table 19 gives the oaloulated velocities which must be imparted to the

satellite to eject it into circular orbits of various heights h.° using this

ir
method, In the caloulations it was assumed that the perigee of the transit-

ional orbit is 200 knm,
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Mg. 27. Diagram of the ejection of a satellite into a ociroular orbit

from a semi-elliptioal transitory orvit., R - earth's radiusj;
- radius of the given cirocular orbit; P' - perigee of

tﬁ&rtrsnsitory orbity A' - apogee of the transitory orbit;
Vp: = velooity at the perigee of the transitory orbity Vu
velooity at the apogee of the transitory orbit; AV - addi-
tional veloocity needed for the space vehicle to enter the
oiroular orbity Vgip = oiroular veloocity for the given orbit,

' TABLE 19
(h Veloojty for Ejeoting a Satellite from a Semi-Elliptioal Transitory Orbit

Height of the given Velocity at the end Additional velooity ([Totsal vel-
; oiroular orbit, km of the ejection phase| for transition to ooity, »
: into the transitory the given orbit, AV, |m/sec Z

ellipse, Vp,, m/sec | m/sec

< 4 T8 e
: . 5000 8700 o -t
; 25000 10016 1w ‘ 15488
i . 1400000 10000 . 129 . m
: 150000 10790 110 ' 14008 .
200000 10844 1066 Y™
11018 0 100e8 -

From the data in the table it follows that the total wvelocity required to
{ eject a satellite first inoreases with inoreased height of the given orbdit,

anu then decreasa’ somewhat, tending toward the 1limit (at hyyp= w) &% paredolic
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v6looity, The total velooity is maximum when the height of the circular orbit
is approximately 100,000 km, For this case, the total velecity is 8,5%
greater than the parabolic velooity at the perigee of the transitory orbit
(200 km), Here we have a paradoxiocal phenomenon in whioch less total velooity
it required to launch a satellite to greater heights,

When a space vehicle is launched in an easterly dirooigpn the velooity
imparted to it by the rocket is combined with the velooity of the earth's sur-
face in its daily motion,

The inorease in velocity due to the earth's rotation is a funotion of
the inclination of the orbit, and can be expressed, approximately, by the

formula e

where R is the earth's radius; h° is the ejeoti;n height 4Jis the angular
velocity of the earth's rotation about its axis; and i is the orbital inclina-
tion,

With decreasing orbital inolination, 4V,,; increases, reaching about
460 m/seo for an equatorial orbit, For polar orbits, AVn,¢ is sero, while
for orbits with an inclination of €5°, corresponding to the orbits of the
tirst Soviet satellites, it is about 200 m/sec,

Liquid-propellant chemical=fuel rockets have been widely developed and
are now quite pe¥footed.

The development of nuclear technology has made it possible to discuss the
oreation, in the near future, of nuoclear-powered space vehicles, The thermal
energy in such engines, developed by some sort of nuclear reactor, will bde
used to heat some working liquid (hydrogen, ammonia, water), converting it to
& high~temperature gas which will flow from a nossle, oreating exhaust thrust,

The basic advantage of such engines over chemical~fuel engines is the
possibility of producing higher jet velocities (specific thrust), since the
energy imparted to the working liquid im the reactor can consideradbly exoeed
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the enexgy released during the ocombustion of even the most highly effective
chemical fuels,

The exhaust velooities of such engines will be limited only dy the maxi-
mum temperature which the reactor and nossle materials oan sustain,

The motion oharaoteristios of such rookets will differ little from those
of chemical-fuel rockets,

A partioular olass of space rockets aro.those space vehicles with so-ocalled
electro=reaction engines, One of these is the ion engine, in whioh reaotion

power is ocreated by the exhaust of a stream of ions acoelerated to very high

velooities by means of an electrostatic field, Elements whioh are easily
ionised, e.g., cesium or sodium, are proposed as the working substance used
to form the stream of ionized gas; The energy required to acocelerate the
ionized gas can be obtained from a nuclear power plant, a type of atomic power
station in the space vehicle,

(\ Pigure 28 is a block-diagram of an ion engine, The working substance is
in tank 1, from which it is fed by means of a suitable system 2 to the engine,
After being heated to & high temperature and passing through porous wall 3,
the working substance in the engine is converted }nto ionized gas which is
then acocelerated in an electrostatio field oreated by the system of grids 4,
To avoid formation of a space charge which would prevent further exhaust, the

ion flux should be neutralised after acoceleration; electron emitter 5 is used

for this purpose, The engine is powered by nuclear power plant 6 through

L. .
PR m——— J & g Loy

{ transformer 7,

<

© e ey

{ Fig. 28, Diagram of an ion engine, 1) tank with the working substance
(cesium); 2) system for feeding the working substance; 3)porous wall; 4)
system of grids to oreate an electrostatic field; 5)electron emitter)

6‘ nuclear power plantj 7) transformer,

§
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Fig, 29,

Diagram of the acceleration of a
space vehicle having an ion engine
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The main feature of this type of engine, which distinguishes it from other
types of rockets, is the extremely high jet velooity (to 100~200 km/sec) and
the very low thrust and acceleration in the powered phase (of the order of
103 m/sec?),

The impossibility of producing high thrust from the ion engines is due
to the faot that with high exhaust velooity, the power necessary for oreating
an exhaust jJet with high thrust is excessively high, For example, to produce
a thrust of 1 m at an exhaust velocity of 100 km/sec we need a power of about
one million kilowatts,

Therefore, although ohemical-fuel rockets can be launochked independently
from the surface of the earth or other planets, since the engine thrust ex-
ceeds the initial weight, space vehiocles with ion engines cannoi, They must
begin their flight from the orbits of artifioial satellites of the earth or
of other planets, Their trajectory is a slowly developing spiral (l'ig, 29).
The engines of such vehicles can operate for many weeks,

The basic advantage of snace vehicles with electro-reaction engines is
the more favorable ratio of payload weight to initial weight, Therefore there
is every reason to believe that in the future such vehicles will be the basic

method for making flights between the orbits of artificial planet satellites,
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The Problem of Descent to the Surface of the Earth and Planets

Landing a spaceoraft on the surface of the earth and planets is one of
the most complex problems associated with interplanetary flight, The motion
of any spaceoraft relative to the earth or other celestial body takes place
with a velocity equal to or greater than ciroular velocity, During descent

this relative velocity must be reduced by some method to sero at the instant

S RN e it

of landing, Two methods of de'celertting spacecraft during descent which

differ in principle are presently feasible, The first of these is based on
the use of & reactive foroe, the seoond, on the use of aerodynamic forces
arising during motion of the spaceoraft in the atmosphere,

To acoomplish the first method of desoent, the spaooofsft (or its des=-

cending part) must be provided with a power plant and a fuel supply to
decelerate the spacecraft,
Its characteristic velooity in addition must equal the sum of the vel-

ooity of motion relative to the surface of the planet at the start of desoent

AP T T AR e B
v

and the irorement in velooity caused by the effect of zravitational forces

during the descending phase: e

YA T E NG TN LT

Vour “ Yra1 * 'h“‘ " (1.45)

Approximate values are given in Table 20 for the characteristioc. velooity
when using chemical-fueled motors for descending on the surface of the earth,

moon, and certain planets, This Table shows the ratio of the payload to the

‘ initial weight of the spaceoraft (assuming that it has an optimal number of
stages, the relative weight of the struoture is a = 0,1, and the jet velooity
is o = 4000 m/sec), In addition two cases are oconsidered: descent from a

parabolio orbit and descent from a circular orbit located 1000 km over the

$

7 Planet's surfaoce,
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We see fiom the Table that when using the most efficient chemical fuels,
the relative weight of the payload can be: .aring descent on the moon, to
20-60%; on Mars, to 15-30%; to earth and Venus, less than 10%, With desocent
on Jupiter and Saturn the payload is practically sero. Suoh a result is
completely natural since the problem of deceleration of the spacecraft moving
with space velosity is, from an energetio point of view, equated to the pro-
blem of imparting such wvelocity to it. .

However, in spite of the indioated shortooming of the desoribed method
of descent, it is the only possibility when landing on celestial bodies with~-
out a suffioiently dense atmosphere and, in particular, whan landing on the
noon,

The seoond method of descent, deceleration of the spacecraft by aerody-
ramic forces, if the celestial body has an atmosphere, As will be shown
below, the accomplishment of such a descent is most favorable under the condi=-
tion that the spacecraft is preliminarily oconverted into an artifiocial satel-
lite moving to a sufficiently low orbit close to ocircular,

TABLE 20

Characteristioc Velocity and Relative Weight of the Payload During
Descent with Use of Reactive Forces

h | Hoon | Venus Jupiter | Saturn
Descent from paradbolioc orbit
Charecter, vel, km/sec, 13,0 | 2,5 12,0 | 5,8 68,5 41,0
Rel, wt, parload 1,5 30 1,8 |14,3 0 0,0001
Desoent from ciroular orbit
Character. vel, km/sec 8,1 1,5 7,4 | 3,4 |46,0 21,5
Rel, wt, payload 6,7 F1 8,5 |32 0,00001 | 0,001

During descent with aerodynamic forees we must consider the two main cases:
a) Only the drag foroe aots on the spacecraft and its motion in this con-

nection ocours over & ballistic trajectory;
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b)  In addition to the drag force, and aerodynamic life force acts of the
spacecraft and it moves along & gliding trajectory,

In the firast ocase the spaceoraft, or its descending part, oan be repre-
sented as an axisymmetric body moving with sero angle of attack, In the
seocond oase, it should have 1ifting surfaces,

We will examine the first, simplest ocase to begin with, The drag foroe
acting on & body moving in the atmosphere with high velocity is determined

by the formulas . LT,
‘ | R=C.Suff,

(1.46)
where 0x = the drag coeffiocient,

Sy = the frontal area,
P ~ density of the atmosphere at a given height,
V == velocity of the spaceoraft's motion,

Correspondingly, the acceleration force is
o, ?g‘i (1.47)
where G/SM is the load on the frohtal area,

The magnitude of the drag aoting on the spaceoraft with a diameter of 1 m

in relation to the height and its velocity of motion is shown in Table 21,

TABLE 21

Drar Versus Heizht and Velooity, tons

» | e e | e "

‘.“ ot. o.“ . ‘.m 0.“' o'“ >
16,8 3,54 0,0 0,48 oo“."- i o'“ .
s 1N | 1,82 | 00 0,44 | 0,015
'.” “'“ 3." * ‘.n . ..’ o.w ’

438 | 1,41 (R ] 0,063
10,9 | u,85 | 628 | 1,00 | 085 | 0
07 |6M | o8 |38 1075 | 08
s | N6 |11,48 | 208 | o907 | 0908

i

8
s
s
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As is lpptron§ from the data oit;d, the'&;ik; ;ﬁd obnloiuently the
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atoeleration force acting on the spaceship oan reach quite large values if
the motion of the spacecraft with a velocity close to space velosity ocours
at low heights, Consequently, the motion of a spacecraft in the atmosphere
should take place over suoh a trajectory at whioh a gradual decrease in the
velocity of its motion is aoocomplished as the height decreases,

This requirement is satisfied by trajectories at small negative inoline-
tion angles of the velocity veoctor to the horisontal when entering the dense
layers of the atmosphere at heights of 80;100 km, Table 22 shows the ocal-
oculated data characterizing the inorsase in the value of the maximal acocelera-
tion forces aoting on the spaceoraft in relation to an inorease in the angle

of entrance into the dense layers of the atmosphere J}en'

TABLE 22

Inorease in the Value of the Maximal Acceleration Forces with an Increase
in

—Ent
et

As we see from the Table, an inocrease in the entrance angle into the dense
layer of the atmosphere from O to 5° leads to an inorease in the maximum value
of the acceleration forces by a faotor of 2, and to 10° by about a faotor of 4,
With sloping descent trajectories the maximal value of the acceleration forces
is about 8-10, Caloulations show that the value of these overloads depends
little on the load c.1 the frontal area and drag coefficient of the spaceship,
At the same time the values of these parameters affect the velocity of the
spacecraft at the end of the dssoont phase, before its landing, The magnitude
of this velocity during descent along sloping trajectories is oclose to the
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veloolty of the spacecraft's free fall in the atmosphere and is several hund-
reds of meters per second,

Simlateously with the effect of the aerodynamic foroes on the spacescraft
there takes place its intense aerodynamioc heating, The kinetic energy whioch
the spacecoraft had during entrance into the atmosphere is oconverted to heat
energy, oausing an inorease in the heat content and flow tempoi'cturo of the
air washing the spaceship, An idea of the magnitude of this energy can be
obtained from the following figures, The kinetic energy per 1 kg of weight
of the artificial satellite moving at a height of several hundreds of kilo-
meters, corresponds to & thermal energy of about 2,8 °* 105 koal/kg. If we

assume that all this heat is transmitted to the spaceship, then it is more

than enough to destroy completely the spaceship regardless of its oconstruction,

Therefore, the main problem in realising aerodynamic deceleration of a
spaceoraft lies in dissipating as muoh thermal energy as possible into the
ambient atmosphere so that the spacecraft absorbs a minimum of the heat being
released,

The pioture of aerodynamic heating of a spaceoraft in the atmosphere can.
be represented in the following manner (Fig, 30), In front of the moving
spacecraft there oocours a compression of the gas and the so;oalled shock wave
arises, The parameters of the gas behind the shock are sharply ohangod;; its
temperature and pressure inorease, physiocochemical alterations of the gas
ocour (dissociation, ionisation, eto,), Murthermore, an inorease in the gas
temperature takes place in the so-=called boundary layer in whioch there is a
deceleration of the oncoming flow relative to the surface of the spacecraft,
A signifioant amount of heat is transmitted from the heated gas washing over
the spaceoraft to its surface, The remaining part of the released heat is

oarried away by the heated gas and is dissipated in the atmosphere,
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Direction of flight
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Mg. 30, Diagram of the motion of a spacecraft in the atmosphere:
1) Shook wave; 2) boundary layer; K = oritical point,

The greatest thermal flux impinging on the surface of the spaceorarft is
close to the so;oalled oritioal point K where there is a complete deceleration
of the oncoming flow, The value of the thermal fluxes arriving at the various
seoctions of the spacecraft's surface depends on the parameters of its motion
and shape, The heat being transmitted to the spaceship is partially radiated
from its surface and partially proceeds to heat its skin and is transmitted
inward, The surface temperature of the spaceoraft can reach values at which
the most refractory materials are destroyed, When the temperature exoceeds
the melting point of the skin material, fusion or evaporation and carry-away
by the oncoming flow of the material from the surface of the spacecraft oooﬁrs.
Then a part of the heat is absorbed by the processes of fusion and evaporation,

It is evident that the ocuter skin of a spaceship designed for landing
must be made of a material having the maximum pousible decomposition tempere~
ture and requiring the maximum amount of heat for fusion or evaporation in
order to avoid destruoction, Moreover, the design should provide for measures
of heat protection which will prevent the transfer of heat into the spaceship
to its oqixipmont and orew, so that the temperature inside the spaceoraft re-
mains within the permissible limits,
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The values of the thermal fluxes and the surface temperature, as well as
the amount of heat transmitted to the spacsoraft during the descent phase
depend on the nature of its trajectory defined by the wvalue ’aont and on
the load on the frontal area G/S,,

The minimum intensity of the heat fluxes and the smallest values of the
temperatures take place with the most sloping trajectories, i,e,, when f,,.t-o.
With an increase in the angle of entrance into the atmosphere, the intensity
of the thermal fluxes and the temperature valuss inorease oonsiderably,

When the spaceship does not have any special devices which substantially
inoreases its resistance (frontal-area loading of the order of several hund-
reds of kg/ma) » the maximum temperature on its surface can exceed the de-
composition temperature (fusion or evaporation) of presently known materials
and the intensity of the thermal fluxes ocan reach tens of thousands lunl/m2 .
sec,

Severe heating o»f the spacecraft is explained by the fact that in this
case the deceleration of the spacecraft is mainly at relatively small heights
(40-50 kxm) where the density of the atmosphere is already sufficiently great,

Let us imagine now that the spacecraft is equipped with special devices
which substantially (several tens or hundreds of times) inocrease its frontal
area and oconsequently the drag,

We can imagine suoh devices to be, for example, parachutes made of special
thermostable materials which open up before the descent of the spaceoraft,

In this case the intense deceleration of the spaceoraft is started at
large heights (70-80 km) and by the time of descent the veloocity of its motion
is considerably reduced, As a result the intensity of the thermal fluxes and
the maximal values of the temperatures prove to be significantly smaller than
in the preceding ocase, It is necessary to note, however, that the oreation

of strong braking devices of thermastable materials is an extremely complex
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technologioal problem,

We will now consider the scoond variation of descent, with the use of
lifting surfaces for developing 1ift foroes, the so;oalled gliding descent,
The 1ift foroe makes it possible in this case to maintain a small angle
between the trajectory of the spaceoraft and the Iooal horizon, i,e., to
make the descent trajectory quite sloping, As a consequence of this, de-
celeration of the spacecraft mainly takes place at large heights, in the
reareified laysrs of the atmosphere and over a long time, Therefore the in-
tensity of the termal fluxes, the maximal temperature values, and the over-
loads of the gliding spacecraft are considerably smaller than one whose
descent is over a ballistio trajectory, For gliding spaceoraft it is pos=-
sible to develop a design from existing materials which will not melt, In
addition, by changing the 1ift foroce we ocan oontrol to some extent the
descent tranjectory, thus ensuring a landing in a preassigned region,

Thus are the main advantages of a gliding descent which make it possible
to oconsider that in the future ¢liding spacecraft will be the chief means of
descending to the surface of the earth and other planets,

We must note, however, the considerable technical difficulties which
stand in the pathway of realizing this means of descent, A gliding oraft
ahould have an aerodynamioc shape for its stability and controlability in an
extremely wide range of velocities, from subsonic to hypersonic, Its design
should presarve the preformance on heating of the outer skin to temperatures
close to 1500=2000°C, The oraft should be controlled by special automatio
systems, For carrying out landing at acoeptable landing speeds it is neces-

sary to introduce additional lifting surfaces whioh open prior to landing,
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Fig. 31, MNescent trajectory of a spacecraft with a ocircular orbit:
R) earth's radius; hkp) heirht of oiroular orbity; o) point of
transition to the descent trajectorys AV) veloocity imparted to space-
oraft for transition to descent trajectory; 1) section of desocent
trajectory lying outside dense atmospheric layers; 2) atmospherio
section of trajectory with ballistio desocent; 3) atmospheric sec-

tion of trajectory with gliding descent,

A oomparison of the two methods of descent examined above shows that
the ratio of the weight of the payload to the total initial weight of the
spaceoraft during descent with the employment of aerodynamic forces is sig-
nifioantly more favorable that with descent using reactive foroces, The
weight of the means of heat protection, lifting surfaces, and other elements
of the spaceoraft is less than the weight of the fuel needed for braking the
oraft with jet engines,

In conclusion we will describe the process of a descent from orbit of
an artificial satellite (Fig, 31). Imagine that the descent is acoomplished
from a ciroular orbit several hundreds of kilometers over the surface of
the earth, For transition of the spaceoraft, or its descending part, into
the descent trajectory it is necessary to impart to it a certain velooity
AV in a direction opposite to its motion in orbit, When AV equals MJW
m/se0, an entrance angle of several degrees into the dense layer will be pro=-
duced, The motion in the atmosphere oan proceed over a ballistic trajeotory

2 or over a glide trajectory 3, As a result of the aerodynamioc deceleration,
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the velooity of the spacecraft is reduced to several hundreds of meters per
second, After. this landing of the oraft must be carried out, for whioch its
veloocity should be reduced to a value which will assure a safe landing of

the oraft and ocrew on the earth or water, For this purpose, besides a glid-

ing landing, it is possible to use parachutes or retro-engines for landing,
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! Artificial Satellites and the z;-_o_blg of Interplanetaiy JFlights
. | For the first time the question of the pouﬁnity of sending a Spece~
| ‘lhip beyond the limits of the earth's atmosphere was theoretically solved in
the beginning of the 20th century by the outstanding Russian scientist K. B.
Tsiolkovakiy, who proved that the medium for space flight should de the rock-
et. K. E, Tsiolkovskiy worked out a number of problems on interplanetary

flight, and was the first one to suggest the principle of the rocket working

on liguid fuel asd l#id: theé ecientific foundation B the possidility of at-
taining celestial velocities with the aid of compound rockets. He is right-
fully called the father of astronautics.

At the time when X. R. Tsiolkovakiy began his activity, in the beginning
of the 20th century, there existed no real technological facilities for ac-
complishing flights out into space, However, he firmly believed in the power

i of the human mind, "Rumanity will not remain only on the earth," he wrote,
"ut in striving for 1light and space, will at first penetrate timidly beyond
the limits of the atmosphere, and then conquer all the space around the sun."

At the present time we are witnesses to a decisive step toward the ac-
complishment of this grandiose task,

The creation of the first artificial satellites and space rockets should
be considered as & decisive practi cal step on the path to the accomplishment of
interplanetary flights for a number of reasons,

Tirst, the launching of artificial satellites and epace rockets marks the
attainment of a level of rocket technology at which it decomes possidle to at-
tajn the ;olocitin of celestial bodies, such as are necessary to accomplish

—  1l4ights beyond the limits of the earth's atmosphere.
’ Secondly, the creation of successively more perfected space equiment

will make it possible to solve all basic prodlems in a practical way that are

8=
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cannected with an extended stay of an in-
terplanetary ship with people aboard out
in space. Together with thie fact, the
solution, for example, of such a prodlem as
the releasing of people and equipment

from artificial satellites, will prove

to be at the same time the solution of the

problem of dringing back interplanetary

travelers from a space flight.

Andfinally, in accordance with mod-
ern concepts, artificial satellites of

the earth and planets are necessary as in-

termediate stations in accomplishing inter-

planetary flights,
Yig. 50. Diagram of interplanetary

flight:
Parts of flight: Ia--earth satel-

Let us dwell in detail on this quess
tion., An analysis of the prospects for

interplanetary flights leads most suthors
1ite leaving for orbit; Ib--flying

to conclude that it is impossible to ac~
awvay from orbit of earth satellite;

complish a flight even to the nearest ce~
1Ia~-transfer to ordbit of moon (Mars)

lestial bodies (Mars, Yenus) with the aid
satellite: IIb--landing on moon

of a single rocket for a eshi ttl
(Mars); Illa--leaving for orbit of nel opec P eitine

out from the esarth,
moon (Mars) satellite; IIIb--flying

The basic difficulties in accomplish-
avay from orbit of moon (Mars); IV-- s in accomplise

y ing interplanet flights can be 11l
transfer 16 orbit of earth satellite, 5 ‘RUOTFIAREtary flights ue-

trated by examples of flights to the moon

‘and to Mars. A diagram of such flights is given in Tig. 50. The orienting

values for the speeds which the rocket should attain on the different laps of ite

nw@nt. and also the valus for the total, so-called characteristic velocity,
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. : Tabdble 25
Yelocity of Rocket's Movement in Flight to Moon and Mars, km/Sec
‘ Required Velocity Night earth— | Flight earth—
- ROON-——eAarth Marg-—sarth

In leaving the earth:

a) for coming onto the orbit of 10,0+ 10,0*

H the earth's satellite
* b) for flying dway from the orbit of
the earth's satellite 3.0 3ols
On landing on the planet:
a) for transfer onto the orbit of
the planet's satellite 0,7 2.0
b) for landing on the surface of
x the planet 2,0* 4,5
In flying away from the planet:
a) for coming onto the orbit of
the planet's satellite 2,0¢ 4,5*
b) for flying awvay from the orbit of

the planet's satellite 0.7 2.0
In returning to the earth d.00e 3.4
Total characteristic velocity 21,4 29.8

*The values presonted for the velocity exceed the velocity of the movement
of the satellites by the value for the losses cawsed by the force of gravity
on $he hp' of the departing flight er the landing.
‘esHere one bhas in mind the changes in the velocity which assure the transition
onto a circular ordit located at an altitude of aome hundreds of kilometers

above the surface of the earth, Jurther lauanching can bde accomplished witheut

-
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T rrstheconmemption of fuel by taking sdvantage of aerodymamic forces.

. Trom the table it is seen that the characteristic velocity in a flight to

the moon amounts to more than 21 km/sec, and in the case of a flight to Mars to
about 30 km/sec,
An analysis o the possibilities of recket technology indicates that by

making use of ~he best chemical fuels, or the methods of the use of nuclear
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energy known at the present time, rockets which possess the characteristic vel-
ocities shown ch‘a’m} h‘n‘qv initial weight that would exceed many thousands of’
tons.

The creation of rockets of such great weight lies beyond the limits of the
technological possidilities of the near future, Therefore the accomplishment
of flights to other planets by such a very simple scheme, wvhich assumes that
the spaceship starts directly from the surface of the earth, apparently is not
within the realm of possidbility , at least until such a time as there shall de

& found new methods of obtaiming reactive force which are different from those
used at the present time. ’

However, there is another plan for accomplishing interplanetary flights-
with the use of artificial satellites of the earth and planets as intermediate
stations, The idea of using artificial satellites in the accomplishment of
interplanetary flights was expressed dy X. E, Teiolkovekiy and developed in the
work of a number of his successors.

One of the possidble variants of interplanetary flight can be presented in
this case in the following way!

a) One creates an artificial satellite moving in some orbdit around the earth
at a Rafficiently great altitude, Through successive trips of some rockets one
nccﬁpliohn the transportation to the satellite of supplies of fuel and con~

atraction elements for building a space-ship, The assembling of the space-

.

. ship from separate elements is accomplished om the orbit of the satellite,



| FIRST Uni B) GM® accomplishes the flight from the orbit of the satellite of the
. ‘ earth to the planet which is the goal of the journey. The spaceship is con-
‘vortod into an artificial satellite of this planet.
¢) With the creation in this way of an artifical satellite of the planet
one accomplishes the flight to its surface and back again, JYor thisg flight

one uses & part (one of the phases) of the spaceship., Another part of it,

assuring the return later to the earth, continues in the meantime to move in
the orbit urmd' the v%&nqt. ’

4) The flight is made rz;cl:n this drbdit to the orbit of the artificial sat-
ellite of the earth.

e) The passengers are released vith the necessary equipment from the
orbit of the earth's satellite onto its surface, This lap of the flight can
be accomplished almost without t he expenditure of fuel, bdbasically by using ae-
rodynamic forces,

I. The apparent advantages of such a plant of interplanetary flight are,
first the possidility of accumulating on the artificial satellite of the earth
considerable supplies of fuels and materials for assembling a space-ship of

of sufficiently great dimensions and welzh.. When this is done each of the
rockets accomplishing the transportation 2~ (e necessary materials onto the
orbit of the artificial satellite does not need to have too great an initial
weight (for example, of the order of several hundreds of tons).

In the second place .& considerable reduction in the weight of that part
of the space-ship which is to accomplish the landing of the cadin with the pas-
sengers on’ the planet which is the destination of the flight and the departure
from it is attained. Ia accomplishing the f1ight by the first scheme the veight
of this part of ‘he -paceship wvould de several times as great, so that the
useful load, outside of the cadi-. and passengers, would have t0 iamclude also

those phases of 'hs rocket necessir: for the 7inal return to the earth,
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FIRST LINE ORecparticular is that a space d{np accomplishing a flight bdetween the
. * ;brbito of the artificial satellites (bo-called ordital ship) can use engines
‘ thatlsve s thrust considersbly less than its weight, This circumstances opens
i up the real prospects for the use in +rb1tu1 ship of electroreactive engines,
’ and this makes poseidble & eonudortbljb increase in the useful load,
| Yor further visual illustration ¢f the advantages of accomplishing the
1ntor?}lnetnr7_n1¢t| by the secomd ;tch-o wve present comparative evaluations

! of the bdasis characteristics of the rochs

i ets for the methods of flight under con-:

R 8N j
'f ) K ¥ ! sideration, JYor this purpose we make
; . ot t St , “use of the formuls (1.43) which deter-
’ "“ 9 . 2| mines the ratio between the characteristic
. LS ’ velocity of the rocket and the relation-
: ;,; s it a 22 ' A ship of its weight to the weight of the
L . i X useful load with the optimum figure for

- (]

Fig. 5. Batio of the initial weight the phases.
of the rocket to the weight of the Let us assume that the veleocity
useful load as depends on the char- at the expiration of the rocket's
acteristic velocity. reactive exhaust ¢ amounts to 4000-5000
m/sec, but the relative weight of the
construction o= 0.1, which corresponds to a very high stage of perfectioa in
the censtruction of the rocket.
The ratio of the initial weight of the compound rocket to the weight of
the useful:lead as depends on the characteristic velocity im this case can be
”d_;t:ﬂ'linld By the graph presented in Fig. 5l.
On the basis of this gravh one can estabdlish that, vith a weight of useful

10ed (cadbin with passengers and necessary equiwment) of Gn= 10Toms and ¢ =

$=

4000 m/sec, the initial weight of the rocket withthe aid of which 1t ia pos-
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Frrssibkeota dccomplish the flight to the moon by the first scheme, should amount
. : to about 10,000 tons, Yor a flight to Mars under the same conditions one
' ] )
would need a rocket with a weight of more than 180,000 tons, VWith g %5000 m/sec

the initial velocities would amount té: for the flight to the moon, about

. 3000 tons and for the flight to Mars, about 25,000 toms.

‘ Let us consider new vhat chamtéri.tico. under such conditions, rockets
should bave in accomplishing a flight by the second method. The basic charac-
teristics of such rockets on the assumption of using engines with a final vel- .

fip- e RN

ocity of ¢ = 4000 l/ué with relative weiziht of the stages of the rockets

¥
*
&
%
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«= 0,1 are shown in Table 26, With thia:guo of the initial wveight of the
rockets, assuring the attaining of the necessary velocities on the separate laps
of the flight, to the weight of their useful lond.::ho determinable from the
graph shown in Pig. 51. TFrom the data given in Table 26 one sees that,in
flights to the moon and Mars, the total weight of the fuel and the elements
I; of the construction ia passing from the first to the second scheme for accom-
plishing the flight is reduced respectively by factors of 2 and 4,5. VWith
the second scheme the first lap of the flight can be realised through the
lsunching of a number of freight-carrying rockets with & weight of some hund-
reds of tons each, whereas with the first scheme of flight one has to create
airships capable of starting from the surface of the earth n.n;l possessing an
initial weight of thousands and hundreds of thousands of tons.
The data presented clearly show the advantages obdtained by using ar-
tificial satellites in interplanetary flights.
It 4e not to be denied that the accomplishing of imterplanetary flights
o ;ifh the use of artificial satellites requires the solutions of complicated
| téé‘;'xniul prodlems, Among such problems in the first place oame findes t‘o
- precise imchins of a great number of transporting rockets to the ordit of
1 thoi artificial-satellite station , their approach and the assembling of &
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. (haracteristicg of the Rockets for Acgomplishing the Inferplanetary Flights
vith the Use of Artificlal Satellites
Basic Characteristics Night earth— | Flight earth—
L noon—earth Mars-—-earth

Rockets for delivering the parts of the space-
ship to the orbdit of the artificial satellite

of the earth (flight lap ia)*

characteristic ¥aleolity, km/sec 10 10
initial weight (total), tons 5,540 38,400
overall weight of useful load, tons 2058 1,430

Rocket for passing to the ordit of the arti-

ficial satellite of the planet (flight laps

Ib and IIa)*
r characteristic velocity, km/sec 3.7 5.4
e initial weight,tons 205 1,430
weight of useful load, tons 61 242
Rocket for descending to the surface of the
planet and ascending from it (flight laps
IIb and IIla)*
characteristic velocity, xm/sec 4.0 9.0
initial weight, tons k14 193
weight of useful load (cadin, crew, and
equipment), tons 10 10
Rocket for flight to the orblt of artificial
- sarth satellite (flight laps IIIb and IV)*
characteristic velocity, km/sec 3.7 5.
1 (continued on next vage

*Parts of ntcht shovn in Fig. $50.
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o, 4Bl%ial weight tons W 59
wveight of useful load (cabdin with crew and

equipment 10 10

spaceship out in space, navigation while accomplishing the flights between the
orbits of the artificial satellites, etc, However, this way, at the present
time, apparently proves to de thoknly one with real prospects for accom~
plishing interplanetary flights.

Looking out imto the future one ‘cqn picture the basic stages by which man-
kind will accomplish flights to other celestial bodies:

&) prevaratory research of the basie problems of space flight with auto-
matic artifical satellites of the earthy accomplishing space flights of rock-
ots with antomatically working equipnent;

b) the creation of artificial satellites of the earth with people on
them and permanent artiricial- satellite stations; detailed working out
on them of all the basic prodlems of space flight; solving the problems of
releasing peovle and equipment from a satellite to the earth;

c) the accomplishment by man of flights to the moon and neardby planets
without landing on their surfaces;

4) passing over to interplanetary flights; subsequent study of the dif-
ferent planets of the solar system by the organisation of expeditions to them.

From all that has been sald it is apparent how great the importance of

artificial satellites is for accomplishing flights to other celestial bodies.
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Study of Intorph{utm Gas

The question concerning the utur‘ and comcentration of interplanetary gas
4

[

1s difficult to solve in the present status of astrophysics with the aid of obser
vations, conducsted from the earth's s ce. This problem, which has great sige
aificance for explaining the processes the exchange of gas between an inter-
planetary medium and the surface hyon; of the earth's atmosphere, and for stud-
ying the comditions of propagation of t#n sun's corpuscular radiation, may be
solved with the aid of imstruments, m‘ lled e rockets, which move direstly

in interplanetary space,

On the dasis of data from obsorn}:im of polarization of zodiacal light,
the study of propagation of the so-called whistling atmospherics (low-frequency
electramegnetic oscillations, called electrical discharges), can be taken as the
most acourate model of an interplanetary medium, the constituent parts of which
are characterized by the following featiress

stationary plasma with tqeratnti’ = 104 X, containing electrons and pror
tons vwith energies W and velocities Vi }j

electrons W = 0,87 ev, :6.3 . 107 0-/'.0

protons W = 0.87 ev, V =1.5 . 10 om/sec ;

|
stationary plasma with temperature T=10 X, containing electrons and protmL
|

with energies and velocities;

electrons W=0.8 ev, V=2,10% em/sec

protms W=8,7 ov, V=4.7 . 10¢ em/sec

sporsdic corpuseular flux, containing electrons and protons with energies
and velocitiess

electrons WK 25 ov, VT3, 10¢ om/sec

protous V45 ov, VT3 o 108 ¢m/s00
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particles of external rediaticn belts, with vhich the earth is rotated at
distances of several earth radii, which %riuril.y ecmsist of electrons and protons
baving energies and velocitiess !

electrons W > 200 ev, ¥ > 8.k o 10% om/ses

protons W > 200 ev, V> 2, 107 om/sec.

Tor experimsntal verification of presentatiomns concerning interplanetary
eas in the region of the earth and far ond its limits, so=called proton utchorT

t
vere used on Soviet cosmic rockets, |

|
We will stop for a description of &n type of these proton, or iom catchers,
|

A Triple-electrode, ion catcher (fige. 61) represents an instrument, ecmposed
of a collector and two grids -- internal and external, vhich separate the collece
tor fraa the revolving space container, A negative potential relative to the dody

I

of the container ), ,is maintained at the collector; negative pohntincp g the

creating field, which retards tbe photoslectrons, which are emitted by the collecs

" tor, is maintained at the internal grid; at the external grid, potential tp!lu

|

maintained, positive, negative or sawtooth, depending on the designation of the :

catcher, {

' |

A variatiag current, flowing in the¢ collector's circuit of such a catcoher, 1

ean dstermine the flow density of these ¢r any charged particles, vhich hit m |
the collector. Ve can "sort® shese particles according to charge sign and ener-

gles, changing the voltage on the catcher's grids (or simultanecusly applying seve.

ral catohers with different voltages on the grids) and taking into account the sigh
of the total currens, established by a flux of charged parsicles, hitting on the

catcher's collestor,
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Fig. 61, Triple-electrode icn oatchors le= collector; 2-- internal grid;
| 3e- external grid; k4e- body of the container,
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Pig. 62. Amplifying cascade.
An amplifying cascade, by mesans of which are produced the power of cumnté
in the circuit of each catcher's collector, is indicated in fig. 62,
<
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Biological InYutigat ions
\ .

Biological investigations on altitude rockets and, especially on artifi-
cial earth satellibves, are the most ortant steps in preparing for man's fli-
ght into cosmis space, To this factor!u relateds the effect of overloads at
the rocket's start, the state of \n:ld:‘lonuu under free flight conditiocns in
orbis, the effect of various rediati on the living organism, the state of

& highly-organized living being in a tic cabin, and the sdaptability of a

living organisa to cmditions, approximete to 2 cosmic flight, Investigations

in these directiims are conducted on mice, small pigs, rabbits, dogs and momkeys;
Monkeys, as a rule, ascend in the rock*ts in a narcotic state, whieh significan~-
$ly lowers the value of the comducted *xpormnt. Soviet physiologists conduc-
ted a geries of suscessful experiments {cn dogs at the take-offs of geophysical
rockets down to an altitude of 470 kn.: The experimental animsls were safely re-
turned to the earth, where their ca:di*icn scarcely deviated from ncrmal, The
vast material accumilated by Soviet physiologists at teke-offs of altitude roo-

kets alloved for the making of complete determined comclusions concerning the

possibility of sending a 1living crganism fnto cosmic space.

Biological investigatims on artificial earth satellites were conducted
%0 brosden ocur knowledge concerning the stay of a living organism in eosmic fli-
ght camditions, In contrast to the biélodcal investigations on altitude roce
kets, the artificial setellites are used to study the effects of prolonged in-
fluence of accelerations, noise and vihraticns at the launching of the ntolntoé

up to the moment of its exit to orbit and the prolonged state of weightlessness
during orbital flight,

For providing an animsl with all the necessary living conditioms during

the cosmic flight, and also for registering an enimel's physiological functions,
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& special apparatus is used, ecrrupmaﬂg to high requirements in design. ‘

I

rig. 80. Physiological Apparatus +ﬂc

: lee microphone; 2-- automatic pressure #ovico; == autonomous recorders L=
first amplifying and distributing blook; S5e- second amplifying and distributiag
| blook; 6=~ voltage comversiom blocks 7+- temperature elements; 8-« unit for

measuring arterial pro-uuro; G- bruthkng unit; 10-= unit for record,/~g motion.
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T Fig. 81. Blosk-diagram of the physiological spparatus.
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1. Units .‘11. Amplifier

2, Respiration ; 12, Amplifier

3¢ Blsctrocardiogreams i:l.3. Coammutation blosk

4o Oscillaticus 'u;. Program device

S5e¢ Body temperature 15. Electrical-feed sources
6s Movement i“. Autamatic pressure device
7¢ Marks 17. To radiotelemsiric system
| 8. Pressure in cup
| .

1 9. Cabin temperature

|

|
| |
| 10, Cabin pressure I
|
!
i

Key to fig, 81,

|
The following apparatus is m.r«ﬁ in the make-up of the hermetic cabin's
\ oquipnorm a regeneration device with q automatic system, a regulator of air

: Semperature in the hermetic cabin, an mﬂa-ntie device for feeding and providiag

vater for the animal, an attachment for iixing the animl's position in the cabin,
|

and a set of physiological units topthoé with an amplifying and commutation block]
and amplifiers.,

With the aid of the physiological units, which are distributed cn the uni-li
(f1g. 80), indices are recorded, enrnctq;riung the state of respiration and blood |
eirculation of the animsl in flight, and pamelys rates of heart contraction by
means of resording she biosurrents of the heart; the amounts of maximum arterial
blood pressure by the oscillation method &t periodisc redustion of the exposed in |
a carotid skin shred by means of a special cup. Furthermore, the actography method
if used with the motion unit for making a judgment concerning the animal'’s motive

activity,
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. eillation unit, whieh converts pulse vibﬁtim of the carotid walls in electrical

conducted many times a day, the animal q prepared for a flight on an artificial
' earth satellite, |

e U
!

Bioscurrents are recorded by means ¢f silver electrodes, inserted under the |
animal's skin, The use of tensolytic rhbostat units, spplied in the for. of belts

en the animel's ground cell, permits the respiration rates to be recorded. The o+

movements are recorded by a potenticmetr

oscillations by means of a piezoorystal, records arterial pressure, The animal‘'s
¢ unit, A bdlock-diagrem of this appara-

tus is presented in fig. 81. )

|
For providing the animal's food or weightless conditiomns, special food

@ latinous messes are processed, eontaining she necessary quantity of water,
A special sanitizing unit is proﬁLﬂ for the animal’s functions.

By means of extensive training m&: laboratory conditions and experimeats
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Second Soviet Cosmic Rocke$., First Flight Tc The Moon
The launching of the second Soviet coamic rocket to the Moon was carried out
on September 12,1959, The purpose of the launching wes to investigate cosmic space
and realization of the first flight to the Moon.,The last stage of the rocket weighed,
after consumption of fuel, exmctly 1511 kg. Coantrol of the rocket along the final
stretch was automatic- with a special control system,

On the last atage in piggyback fesion rode the separable cosmic apparatus
(capsule with acientific and redio technical equipment, the app-ratus in its construc
tion resembled the outfit mounted on the first Soviet cosmic rocket, Separation
of the apparatus (capsule) was realized after disconnecting the power plans of
the lest atage. Upon separation the capsule uoquiroﬁﬁtiml velocity relative
to the rocket,

The scientific instruments carried on beard the cosmic apparatus, secured:

investigation of the magnetic fields ef the Earth and Moon;
investigation of radiation bands around the Earth;

investigation of intensity and cosmic radiation ntm:!.ty variations;
investigation of heavy partsicles in cosmic radiation;

investigation of gasecus component of interplanetary matter;
invostigation of meteoric particles.

. To transmit scientific information back to Earth and to measure the trajectery
paramsters the apparatus carried a redio transmitter ,operating on a frequency ef
183.6 mo, as well as a redio transmitter,operatiag on frequencies of 39,976 and
19,993 mc, Signale of the latter came 4n form of pulses of variadble duration from
0¢2 to 0,8 sec., following at repetition frequency of 1 ¢ 0,15 o.

The given tempersture of (20+25°C) was maintained by & thermo-ccntrol system
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and proper mximxmxt treatmens of the ship's mmxfmumx outer surface,

In addition to the radio transmitters located in the separating cosmic ajyparatus,
directly during the last stage was activated a radio transmitter operating on free
qQuencies of 20,003 and 19,997 mc, With the aid of this radio transmitter,emitting
signals in form of telegraph messages with a duration of from 0.8 to 1.5 sec.was
carried out radio observation over the flight of the last stage and data concerning
coamic radiation intensity were transmitted, During the last stage there was also
a special device for the cresation of an artificial sodium comet,

Total weight of scientific and metering devices ecarried on board the Soviet
cosmic rocket together with the power sources and cosmic apparatus was 390.2 kg

The rocket carried banners with the state emblem of the USSR and imscription
*USSR, September 1959%. Sefety of the banners during encounter with the Mooa was
provided by proper structural measures, Steps were also taken to prevent contemina-
tion of the lunar surface by terrestrial microorganisms,

The flight trajectory of the second Soviet cosmic rocket (£ig.103) was selected
in such a munner that during its appreach to the “loch and at the momens of
matazixutthxshaxiisan encounter the Moon should be over observation points situated
in the USSR, rear upper oculmination, i,eothat its elevation above the horizomn should
be at maximum, The most favorable conditions for redio commnication have beea

secured,

See Page 81a for Figure 103

Fig,103,Se¢ tic of th ) 80
leorbis of Moon; 2eplane of rocket trajectory; 3e scintillation ef rocket;
4eplane of lunar orbvis; 5= position of Moon at the moment of rocket sters,

The selected trajectory,of hyperbolic type, secured the duration of the lunar
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Fig, 103, Schematic drawing of the trajectory
of second Soviet cosmic rocket,
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trip at ahcut 36 hours, The velocity of motion of the rocket at the end of the
separation section wvas somewhat higher than the local parabolic velocity.

The selection of trajectary has been preceded by a greuter mathemamtical opera-—
tionscarried out with the aid of high speed electronic computers, When making the
caloulations in addision to the gravisational forces of Earth and Mook it was founmd
Decessary to ct_mudor alsc the deviation of the terrestrial gravitational fjeld
from the central (as result of Barth's compression = shrinkage) and disturbing effect
of solar gravitation, As result of tho calculations was established the optimum
trajectory,of fering maximum value of useful load weight$,and the moment of rocket
blast-off has been selected,

The necessity for accurately mmintaining the calculated blasteeff time is
determined by the nircumstance,that at agiven flight direction the plane of traject—
ory rosates together wish the Earth during its diurnal rotation around the natural
axis, The blast-off of the second Soviet commic rocket was realized with exiremely
great acouracy = deviation from the given moment of time constituted abous one
secomd,

At 1500 hrs aceording to Moscow tims on September 12, 1959 the rocket was svay
from the Earth by a dissance of 78,5 thousand km and was over & point,situated to
the norsh of New Guinea Island. At about 2200 hrs of this very same day the dissance
between rocket and Earsh was 152 thousand km,

At 21 hrs 40 mi, according to Moscov time,when the rocket was observed in the
Aq uarius constellation, approximately along the line,connecting the
Alpha atar of the Aquila constellation and alpha of Piscis Austrinus cobe
stellation, she apparetus, installed on the last slage furmed an artificial sodium
camet, The artificial comet became visible at 21 hrs 45 mia,,vhen the dimensioms
of luminous cloud of sodium vapors attained considerable magnisude, It was observed

H2



and phetogrephed within a period of 5.6 minutes by meny observers,

On September 13, at 3 hrs 20 min acceto Moscow time the rocket,sitauted at a
distance of 200 thousand km from the Earth, disappeared from the zone of observation
of the metering points situated on the territory of the USSR, At 9 hrs of
September 13 it appeared from the redio horizoa from eastern Jirection and the
measuring points again began receiving scientific informstioa and contimued with
the radio measurements. At that time the distance between rocket and Zarsh rose te
250 thousand km,

At 16 hrs.40 min,of September 13, the rocket reached the sphere ef action of the
Moon, It velocity of motion was about 2.3 km/ses. Further on the velocity
of its motion relative to the Moom kept on increasing contimuously,having reached
at the moment of coming in consact with the Moon approximately 3.3 km/ses.

At 0 hrs,02 min, 2/ sec Moscow tims on September 1lh 1959,the second Soviet
cosmic rocket reached the surface of the Mooa, The operation of the radio medias,
installed on the rockes,which functioned reliabdly all during the flight,was cut
off at the moment it made contact with the moon,

The processing of observation data showed that the comsic apperatus,mounted om
the second Soviet cosmic rockes,desceaded to the surface of the Moca to the east
of the YASNOST' (Brightness) sea near the Aristide crater, Archimedes craser and
Avtolik crater. The selemographic latitude of the point of encounter betweea
apparatus and the surface of the Moon, according to obtained dasa, equals 30°,
and ulol!c-npuc longitude equals sero. Deviation of the poins of lumar contact
from $he censer of the visible lunar disk is approximately 800 km, At the momens
of encounter the trajectory of the apparatus was imclimed toward she surface of
the Moon at an angle of 60‘;&0 procesaing of odbtained data shows that the lass
stage of the rocket has also reached the surface of the Moom,
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Fig.104,Route of the Second Soviet Cosmic Rocket on the surface

Thus was realized the first cosmic flight from the Earth to another celestial

bedy. To the surface of the Moon were delivered banners with the emblem of the USSR,
The successful flight of the second Soviet cosmic rocket was one of the most impore
tant phases on the way of investigating the cosmiz space and mastering of intere
planetary flights,

Third Soviet Cosmic Rocket.Automatic Interplsnetary station
On October 4,1959 the USSR leunched the third cosmic rocket. The purpose ef the
hun?htu was the solution of many problems connected with studying cosmic space,
The most important of these was the obtainment of photos of the surface on the reverse
side of the Moomn,inaccessible for ground observations,
To solve these problems an autometic interplanetary station was constructed,
and lifted with the aid of a mltistage cosmic rocket into orbit¢ rounding the Moon,
Having covered a disteance of several thousand km from the Mook in accordance with
calculations, the sutomatic atation under the effect of lunar gravitation changed
its heading (course). Travelling next over a new elliptical erbit,rounding the Earth
the station got away from it into the apogee at s distance of about 480 shousand km
Such an orbdit was extremsly convenient for photographing the side of the Moon ine

visidble from the Earth and for the transmission of scientific informmtion to the

84

- S



Earth as well,

The last stage of the third Soviet cosmic rockes weighed 1553 kg (wisthout fuel),
The weight of automatic interplanetary station mounted on it was exmctly 278.5 kg.
In additicn, the last stage of the rocket carried the metering ap,eratus with power
sources of total weight of 1565 kg. In this way the total weight of the useful load
of she third Soviet cosmic rockes was k35 kg.

Structural improvement and high accuracy of the control system of the miltie
stage cosmic rockes,used for lmunehing the automatic interplanetary station,made it
poasible to 1ift same into orbit, practically no different from the calculeted one,
vwhich guaranteed suzcessful execution of an entire complex of scientific investigae
tions and obtainment of the first historieal photos of the reverse side of the Joon,

Arrangement of the Automatic Interplanstary Statioa

The automatic interplanetary station - a cosmic apparatus,equipped with a

comp | ex arrangement of different deviges,

The basic systems,installed on beard the interplanetary station, were:

radic-technical lyato*urrnting the measurement of etation orvit perameters,
transmission to Earth of IV and telemetering information,as well as transaission
from Earth of commands for controlling the operation of the equipment carried on
board the stationg

photo-TVesystem intended for photographing the Moon with subsequent automatioc
processing the film oa board the interplanetary station and transmission of obtained
image over the TV shannel to Earth,

The complex of scientific devices for further investigation of cosmic spase ,
initiated on the first Soviet coamic rockets;

special orientation system,providing orientation of the interplanetary stasion
relative to the Sun and Moom,necessary for photographing the invisible side of the
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Moon;

power supply system for the eQuipment cerried on board the interplanesary

stasion ;

temperature control system.

Operation of station installations was controlled fram ground points over
a redio line and by autonomous programming devices carried on board the station,

Such a combined control system is most convenient for carrying out scientific
experimentations and allows to obtain informat .on from any points of the erdit

situated within limits of radio visibdbility from ground metering pointse

The automatic interplanetary station had the shape of a cylinder with spherical
bottoms (£ig.105).Maximum lateral dimension of station = 1200 mm,leagth~1300 mm
(antennas not considered).

The thin-walled airtight shell of the station was made of light allay. In it
were situated the entire aerial equipment of the station and the chemical power
sources, On the ousside was mounted a pars of the scientific imstruvenss,antennas
and sections of the solar batteries,

In the upper bilge (bottom) was an illuminator with 1lid,opening sutomatically
before the beginniig of phoetographing. Under the illuminator are situated the lenses
of the photo cameras and lunar orientation transmitters. On the upper and lower
bottoms were also placed amall illuminators for solar feelers of the orientation
system, On the lower bottom are mounted power plants controlling this system (£ig.106).

The radio system of the interplanetary station, as mentioned above, secured
the combining of various functioms into a single radio commnication line, With the
aid of the radio system were measured the movement parameters of the interplanetary
station= distance, radial velocity and angular coordinates, In addition the radio

system tranamitted telemetering informatioa,coming from scientific and control
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devices, transmission of TV signals and reception from the Farth of radio-commmnds
according to which the connection and disconnection of various instruments on beard
the station was executed,

All these functions in line of radio communication with the station were carried
out under continuous emission of radio waves ( in contrast to the wide picked wp
pulsed emission), Such a combination of fumctions in ome radio line,working under
continuous emission,was realized for the first time and it gave the possibility of
securing reliable radio communication all the way to maximum distances at least
energy losses on board the station, The total volume of information ,transmitted
over the radio lime,by much exceeded the volume of information which has been trans-

mitted from the tirst and second Sowiet eosmic rockess,

See page 87a for Figure 105

Fig,105,Automatic Interplanetary Station ( on assembly trolley)

The radio apparatus of the interplanetary station included radio transmitters,
operating on frequencies of 183.6 and 39.986 ms., The firss of these served for
controlling the orbital elements of the station,transmission of TV images and
transaission of basic scientific information as well, A part of the scientifiec

information was transmitted with the aid of the second transmitter.Its sigmals
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Fig. 105.

Automatic Interplanetary Station
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came in form of pulses (besps) of variadle duration from 0.2 to 0.8 sec.,repeativg
itself with a frequency of 1 £ 0,15 s, ’

The apparatus of the radio line was duplicated to inorease reliability of
commnication. In case of failure of any one of the radiotechnical devices on board
the station it could be replaced by a dupliceting device,switched en by transmission
of a preper command from the comtrol point on the ground,

Special attention was paid to maximum weight and dimension reduetion of the
instruments carried on board the st"ation, In the radio installations were widely
used semiconductors, ferrites and other modern radio elementsa. To sconomize on power
the pover emitted by radio transmitters on beard the station was fixed at several
wvatts,

The ground radio installations,situated at mstering poinss, had powerful
radio transmitters, sensitive receivers,command and recording devices as well as
antenna systems of greater effective area,

Some ideas about the difficulties connected with the sask of providing
reliable radio commnication with interplanetary station, can be gained,when we
take into consideration that the power received by the ground antenna at wmaximum
distance between Earth and station, is eppreximately 100 million times smaller than
the average power picked up bv an ordinary TV receiver. The reception of such weak
signals against the background of noise of cosmic radio radiatioa appears to be am
extremely difficult roblem and calls for the use of highly sensitive receiving
devices,with low level of natural (Eigen) noise and known reduction in the rate
of informmtion tranamission as well, In the radio lime of the interplanetary station
were used such methods of processing and transmission of signals on board the station

and at ground metering points,at which the noise level was reduced to a maximum with



retention of the permissible rate of transmission,

See page 89a for Figure 106

Fig,106,0eneral view of Automatic Interplanetory Statiom (Drawing)
leilluminator for pheto cameras; 2= power plant of orientation system; 3esolar

feeler; Lesolar battery section; Selouvers of thermocontrol system; b=thermal
shields; 7= antennas; B= instruments for scientific investigations,

For photographing the Mook most appropriate was the systex at which the pheto
camsras were aimed by rotaeting the entire autommtic interplanetary statsion, The
rotetion and mmintaining the interplanstary station on the given course was realized
by an orientation system, The basic elements of this systeom wereioptical feelers
(solar and lunar), gyroscopic feelers, logical electronic units and coatrol notcn:

The orientation system wge cut-in after the capsule drew closer to the Moon,
8t the moment when the stat/on was ob an approximately straight line ,connecting
the Sun with the Moon, The Eurth at that time was on the side from the Sun=Moon
direction, The distence tc the Moot at the moment of cutting-in the orientetion
system was, according to ealculation, é0=70thcusand km. It was then possidle to
carry out lunar orientation by illumipating the statiok by three bright seiestial

lumineries - Sun, Moon and Earth,
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Fig, 106, General view of Automatic Interplantary
Station (Drawing)
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At the ocutset of its operation the orientation system first ef all discontine
ued the voluntary rotation of the automasic interplanetary station around its CG,

which originated at the moment of btreakeaway of the last stage of the carriererocke

et
After comsing the rotations of the statiot with the aid of soler feelers was

carried out its orientation relative to the Sun so that the lower bottom of the
atation wvas facing the Sun, At such a position of the station the optical axss of
the photo cameras pointed toward the Moon,

The proper optical device,in the focus o0f which neither the Zarth nor the
Sun could appear, then cut off the feelers for orientetion on the Sun,eiming the
photo cameras of the station precisely toward the Moon. The signal coming from the
optical device and announcing ® presence * of the Moon initiated the start of auto
matic photographing, During the entire time of phetographing the orientation system
provided continuous vectoring of the automatic interplanetary station toward the
Moon, Schematic drawing of the interplanetary station's orientstion process is
shown in £ig,107,.

See page 90a for Figure 107

¥ig.107,Schematic of the process of orienting the interplanetary

station $oyerd the Moop:

I=YIemibsoquent positiocns of the ssation, Position Vecorrespomds with the
photographing of the Moon,

20
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Fig, 107, Schematic of the process of orienting the inter-
plantary station toward the Moon
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After exposing all the frames the orientation system wes discobnested, At the
noment of cut off it imparted to the automatic interplanetary station and ordered
rotetion with definite angular velocity,selected s0 that, oo one hand,to improve
the thermal process, and on the other hand, mot the affect the functioning of the
scientific equipment, The basic elements of the photo=TV system were: photo camera,
automatic film processing arrangement, TVeepparatus,

The photo=camera was xovided with two lenses with foeal lengths of 200 and
500 zm and proper shutters 1:5,6 and 119,5.

The lens with 200 mm focal length gave the image of the lunar disk,fully fitted
into the frame, The lens with 500 mm focal length gave a large soale image of a
part of the lunar disk,

Photographing was done on a special 35 mm film, enduring high temperature
processing, Photigraphing was done with automatic change in exposure of various
frames to obtain negatives with moet favorable densities and lested for about
40 minutes, during the time of which the reverse side of the Moon was phetographed
repeatedly.

The entire process of photographing and film processing was executed autommt-
ically in accordanse with a sst program,

To prevent fogging of the film under the effect of cosmic radiation the system
was provided with a specisl protection,selected on. the basis of investigations,
carried out wvith the aid of Soviet manemade satellites and commic rockets.

After the photographing has been completed the film was guided into a small
sise autommtic processing arrangsment, where the development,fixing aad drying
vere carried cut, After this the film moved to a specisl bex and was being readied
for image transmission,

Transmission of the lunar picture was done by commend from the Farth.These
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coamands cutein the power of the station's TV arrangement,device for stretching
the £ilm and the TV apparatus was connected to the station's tramsmitters,

To transform the images on the film negatives into electric sigmals was applied
the "translucensce " method, analogous to the one used by TVecenter for transmission
of mo%ion picture films: small sizc CRT of high resolving power produced a bdright
Juminons spot, which with the aid of an optical system was projected on e photo
film, The lighs, having passed through the photc film, fell on a phetoelectric
multiplier, which converted the light signal into an electrical,

The phetic spot on the screen of the (RT moved in conformity wish the controle
ling electrical signals,produced by a specisl scanning arrangsment, The image of she
photic spot on the photo simulsanecusly moved across the film, from one of
its edges to ancther, after which it rapidly restored itself into initial position
0 centimme again its uniform movement acrocs the film, This secured "line® seanning
of the image. The photo=film in iSself movad slowly past the CRT, which provided
*frams® scanning,

The intensity of the light which passed from the CRT through the film to the
photoslectric multiplier, is determined by the density of the negative at this poins
at which the photic spot is situated, When the spot travels over the negasive the
amperage in the photolectric multiplier changed in confoarmity wish the law govern
ing the change in image density along the line; in this way at the ocutput of the
photoslestric malsiplier was created an electrio *"image signal® repeating the law
of negative density change along the line of resclution.

Axplification and formation of image sigmals were realized vith a specially
developed marrov band stabilised amplifier,
Sinee the average density of the negative and immge contrast have aot been

exactly known before, the amplifier wes provided with an automatic coatrol device
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providing compensation for the effect of change in average dunsity of the negative
on the output signal, Provided was also sutomstic bdrigtness control of the tramse
lucent sube,compensating for contrast changes,

On the film were preexposed test sigas, parts of which were developed on the
Eerth, and the remaining parts developed on bosrd the stetion in the process of
developing exposed frames with image of the reverse side of the Moon, These signs
were transmitted to Earth thus offering the possibility of checking the process of
photogreaphing, processing and transmission of image,

The process of image transmission was carried out in two waysmch slower
transuission at greater distances and much faster ome at shorter distances,whea
drawing closer to the Earth,

The number of lines into which the image was broken dowm could vary depending
upon the selected way of transmittinge The maximum number of lines reached up to
1000 per one frame.

To synchronize the transmitting and receiving seanning devices was
employed & method,securing high interference resistanes and operational reliability
of the apparatus,

Ground reception of Moon image signals vas realized on special devices recorde
ing TV images in tape, ob magnetic recording devices with great stability of the
rate of motion of the magnetic tape, on skiatrons (CRT with long lasting preserve
ation of immge on the screen) and on open recorders with image regidtration oo
electro-chemical paper. Data obtained from all forms of registartion,were used ia
studying the invisible pars of the Moon,

With the aid of a radio-TV apparatus,carried on board the automatic intere

planetary station, transmission of images vwas reslized at various distanees all

the way to a distance of 470 thousand km, This gave experimental cenfirmatioca of
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the possibility of tranmitti;g in cosmic space over ultra-remote distances semitone
images of high definition without substantial specific distortions in the rocess
of ~adio vave propagation,

Power supply for the eguipment on board the interplanetary staticn was fura
nished from autonomous uniss of chemical curreas sources and from a central power
system, In this system was included & solar battery, individual sections of which
were situsted on the ocuter surface of the interplanetary station, and a chemical
buffer battery., The power output of the buffer battery during operation of beerd
oquipment was compensated by the energy coming from the solar battery. Powe to
board equipment was delivered through transformers and stadbilizers,

The automatic temperature control system maintsined stable temperature in the
interplanstary statioa, securing heat transfer, of heat emitted by instruments,
through a special radiation surface into the surrounding conic spese .To control
heat transfer on she outside of the station body were installed louvers,opening
the radiation surface upon a semperature rise in she ssation to abeve + 25°C,

Flight of Autamtic Interplanetary Ssation

The operational characteristics of the orientation spstem and the conditions
of redio commnication wvith the automatic interplanetary ssation required the
selestion of a proper flight trajectory, satisfying a series of specifiec requiremenss,

Tor normal operation of the orientation system , &3 already mentioned, it was
necessmary, that at the moment it begnn functioning the NMoon,statioa and Sun were
situated approximately on one straight line, with the station at that time at a
definite distanse from the boon,

In connection with the larger volume of information,transmitted from beard she
interplanesary station t0 the Iarth, the flight trejectory had to make i possidle

for ground reoceiving pointa, rituated on the territory of the USSR,t0 obtain a
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mximum amount of information already during the first tura and, particularly, at
shert distances from the surfece of the Earth,

It was also highly desirable for seientific investigation purposes to obtaia
a trajectory securing the movsment of she interplanstary stasioa in coemos for quite
& longer period eof tims,

As shown by investigations, the requirements can be bect met when the gravitae
tional effect of the Moom is uszed for the formamtion of an orbis, A considerabdle
ef’ext of the Moon on the movement of the interplanetary station can be attained
only in the case vhen the attraction of the Moon is sufficiently high, i.e, when
the station comes quite close to the Moon, To attain a given change in orbital
characteristics the station must approach from a definite 3ide of the Moon,

To fly around the Moon and return to Bartb the velocity at the end of separation
section should be somewhat lower than loeal paradolical velecity. In this case $he
flight around the Moon can be carried out at various trajectories,

If the flight trajectory passea at distances of several tens of thousands of
kilometers from the Moon then the effect of the Moon is relatively lew and the
movement of the station relative to the Earth will follow a trajectory close te an
ellipse with focus in the center of the Earsh., But such trajectories for distawt
flight around the Moon have a number of seriocus shorscamings, First of all,vhea
flyimg at greater distances from the Moon it becomes impossible to directly inves-
tigate cosmic space in surrcundings near it, On the other hand, wben launching a
rocket from the northera hemisphere of the Iarth, the return to Earth is from the
side of the socuthern hemisphere,vhich hampers the observations and reception of
scientific informmtion by stations situsted in the northern hemisphere, Movenent
Rear the Earth during retura is ocutside of the visidility ranges of the northern

hemisphere, and that is why radio communicasion with station travelling near the
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Barth cannot be brought into realization, And finally, thirdly, When coming back
to Earth over such a trajectory the rocket enters the dense layers of the ate
mosphere and burns up, It flight is thus terminated after the first turn,

Using,for the formation of an interplanetary station orbit, the directed effect
of luvar gravitation, when the station passes close to the Moon,will allew to
attain an orbit,void of shorteomings inhereat of trajectories for distant flights,

The flight trajectory of the autamtic interplanetary station passed at a
d:stasse of 7900 km from the center of the Moon and was selected with such conside
eration that at the moment of maximum nearness (approach) the station would be
to the south of the Moom, B ssause of lumar gravitation the trajectory of the aue
tomtic station in conformity with calculation would bear nerthward, This deviation
was 80 essential that the return to Earth took place from the side of the northera
henisphere, Vhen the station came close to the Mooa the maximm altitude of the
station above the horisen for observation poinss,situated in the northern hemisw
sphere inoreased from day $o day (diurmal period $o diurnal period), There was also
a correspomding increase in the time intervals ,4uring which it became posaidle
to attain direct communication with the stagion., When approaching the Earth the
sutomatic stasion could be observed in the northern hemisphere as a nonsetting star,

During return %0 Earth during first turn the station did not enter the atmosphere
and did not disintegrate, but travellel at a distance of 47,5 thousand km from the
center of the Zarth,moving along an extended ordis,close in form to elliptiecal .
Maximum distence between station and Marsh was 480 thousand m (£ig,108),

7light of the interplanstary ssatiom close to Earth during the first
suras %00k place at greater dissances from its surface,vhere deselerasion on account
of atmospheric resistence was pract{ cally “adle If the movement would have

taken plase only under the effect of the gravitatiomal force of the Iarth, the
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automatic station would have become a satellise of the Emrsh with unlimitedly greater
life expectancy,.

The fact is that the tims of station's movemens is limited as result of the
disturbing effect of solar gravitation which produces a systematic reduction in the
altitude of orbital perigee. Consequently, having completed a sertain number .?
turns, the station during slternate return to Earth will enter the dense layers of
she atmosphere and eancel ot its existense,

The magnitude of altitude reduction of the perigee per ocne rotaticn depends
first of all upon the altitude of the apogee and c¢an rise sharply during increase
of same, When selecting ihe trajectory of an interplanetary station it was necessary
to tend that the altitude of the apogee should be possible lower and not by much
oxceed the distance from Earth te the Moon, It was also necessary t0 secure suffie
ciently greater altitude of the perigee during the first round trip ~f the station
around the Earth, Upon the degree of fulfilling beth these requirements depends the
total number of turas of the automatic statiom around the Earth and the tine of its
existensce,

The influence of the Moon is not limited by shis effect,which it produces in
the period of first approach, Disturbences in the orbdit of she station due to lumar
attraction are not of such regular nature as are the disturbanc.s due to solar attrae-
tion, and drpend to a large extent upon the period of rotation of the station arocund
the Earth, The influence of the Moon can become substantial if during any of the
following turas the trajectory of the automatic station will again pass Quite

close to the Moon, The nature of the station®s movemen$ can change here consideradly,
If she interplanetary station will pass around the Moom from southera direction,i.e.
the approach will be of the very same type &8s she first ome, thea there will be a
sharp increase in th~ pumber of turas and in the life span of the statioa,by
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preserving the basic property of its trajectorye- approaching the Earth from direction
of northern hemisphere, If the pass will be made from the northern side then the
altitude of the orbital perigee decreases, and in the case of a sufficiently strong
disturbange, the station may enter the terrestrial asmosphere during its nexs
return to it,

On these orbital loops,where there is no sufficiently close approach to the
Moom, the Moon nevertheless exerts a cersain influense on the movement of the sta-
tion. In spite of the fact that lunar attraction is very small in this case,but
acting against a considerable number of trajectory loops, she attracsion of the
Moon exeris a noticeable influence on the movement of the automatic station,causing
a Teduction in the altitude of the perigee and cutting the time of station's
existenee in the orbit,

The chart showing the movemsnt of the autcmatic interplanetary station under
the influence of simultanecusly acting gravitational forces of the Earth,Moon and
Sun is a highly complex cne. The determimant facter for the entire movement of the
interplanetary statioa is the nature of its passing near the Moon during first
approach,

Since absolutely no correction is made in the movement of the interplanetary
station during the trip and the entire flight is determined finally by the parameters
of motion at the end of the sopartion sectioa, then the realization of the above
described trajectory of the station is possible only with an sxtremely accurate
control system of the carrier rocket,

It can be imagined that through the center of the Mooa perpendicular with ZEarthe
Moon line rums & plane,which we will call the chart plane. The features of trajecte-
ry passing relative to the Moon o¢an be characterized by the pcsition of the point

of insersection between trajectory amd pictorial plame.
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Fig, 108, Schematic drawing of flight trajectory of AIS,

1- position of Moon at the end of AIS trajectory loop; 2- plane of AIS orbit
. after rounding the ¥san, 3~ Plane of AIS trajectory prior to rounding Moon;
o 4- Position of Moon at the moment of rounding; 5- plane of lunar orbit; é-
position of Moon at the moment of rocket starting.
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o Fig, 109. Klight irajectory of AIS, View from the side of Spring equinox
o 1-plane of lunar orbit; 2- axis of Earth's rotatiomy3-- Equator;
4= Ea.rth,‘ 5- Moon.
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Fig, 110, Flight trajeotory of AIS, Projection on the
plane of terrestrial equator

1= Direotion of solar rays during the photographing; 2- photographing
reverse side of Moon; 3~ orbit of Moony; 4- position of AIS and Moon o
at zero hours universa) time (3 o'clock Moscow time) during each diurnal
period from starting moment to 11=1-1959} 5- direction toward point of
spring equinoxj; 6~ Earth,
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Calculations show that during deviation of the intersecting point between
trajectory and pictorial plane from the nominal (rated ) positien by 1000 lkm the
minimum distance between Earth and statiob at the end of the first round may change
by 5 « 10 thousand km, and the time of returning to Earthe by 1l0ell hours,

Requirements for the accurasey at terminal poins remain so rigid as in the case
of striking, This is basically connected with the fact that errors in the velocity
magnitude toward the end of terminetion point in the cese of an elliptieal round
flight trajectory cauese deviations in the intersecting point between trajectory
and pictorial plane which are 3«4 times greater than in the case of a hyperbolic
tra jectary,vhich are advisable to use during striking,

The disturding sffect of the Moon when passing zlose to it intensifies the
influence of deviations of movement parameters at the end of the orbiting section
on the nature of station's movemens during its return trip to Earth after the flight
around the Moon, That is why even the slightest errors in determining these parameters
lead to very substantial errors in calculating the characteristics of motion of the
AIS during its return tc Earth, |

The trajectory of motion of the AIS is shown in fig,109-111,

On October 5, 1959 at 20 hrs Moscow time the station was away at a distance of
284 thousand km from the Earth. At 16 hrs,16 min on Octobsr 6 it was at the shortest
distance from the Mooh,equalling 7900 im,

The AIS coordimates during its further movement are given in tadble 29,

Data concerning the positiom of ship (AIS) during photographing,established as

result of processing trajectory msasuraments,data necessary for tying down *he

detected objects on the invisible side of the Mooam,to the selenographiec to the coordinate

&id, are list ed in table 30,

100



s

o
%," SR N < i
i » i "-\: 3 ‘ o ol .0
B N -\ N e |
£ h 7 & 5 K !
. 7 £x A ! © - N . a8
/ ‘-u:l A "
. / Y L Sl ..4 3 3,
l A
-3 \ A [y
e — = v -
"
Y
° v '
— k“

VA

80 185 120 9 e 0 2 3% &m0 s w0

Figelll Projection of orbit of AIS on Earth
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- . " , =11°3% ‘ T6n32"
8/X=59 g,20ch, 448 - 6°48' 16h36'
9/X=59 g,20ch, 466 - 2°36' 10h40"
10/X=59 &.20ch, 470 1°23" 16h44"
13/X=59 g.20ch, 430 13°54! 16h55"
16/X=59 g.20ch 267 34°53! 16h15"
T 18/X=59 g.20ch, 40
Table 30,Coordinates of AIS when photographing the Moon
Date Moscow |Diatance froo Sele [}
time center of Moon latit longit
km
Beginning of photo
graphing 7/X=1959 6n30' 65 200 16,9° 117,6°
Completed pheto
graphing 7/X=1959  7h10' 68 400 17,3° 117,1°

Processing of trajectory measurements allowed to establish that the AIS complet
od in ordit about 11 trips around the Earth,
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Determining the Density of the Upper Atmosphere by Means of the Diffusion
of Sodium Vapor,

A new original method for determining atmospheric density at great
keights is the artificial-oomet method developed by Soviet scientists. This
method utilizes the phenomenon of the artifiocial radiation by ocertain gases of
individual speotral lines and bands (characteristic of the given gas). This
phenomenon is called resonance fluorescence. As caluclations have shown,
sodium is the most favorable element for oreating an artificial comet.

A sodium cloud which socatters the sun's rays is an exceptionally powerful
source of light. A 1 kg mass of sodium vapors has a power of about 700 kilo-
watts,

An invaluable advantage of a sodium cloud is that it scatters light of a
strictly defined wavelength}i = 0.589>Agl(the yellowish-orange region of the
spectrum). This makes it possible, using suitabdle light filters, to observe
the sodium cloud even when projected against a quite bright sky.

This method was verified experimentally by a geophysical rocket sent aloft
at 430 km, and by the first and second space roockets., Since it is an absolute
optical method for observing the movement of objects in space, the sodium ocmet
makes it possible to determine the thickness of the medium in which the arti-
ficial oomet forms (Figure 116). Thus, the density of the atmosphere at 430 km
was determined on the basis of the diffusion theory.

The average displacement of a particle due to diffusion is proportional

to the mean free path (,() and the number of collisions (n) in time i
o (408)
S = l//':i' . lv .

Noting that n = vt/,[ (where v is the mean particle velovity), we have:
¢ :l/f};}; (4.9)

1 -
The value 3 v,( is determined directly from observation data, and 0.85 - 1011
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om’/s80. For sodium atoms at a termperature of 1600° we have

v = 1,5 ¢ 107 om/sec.
Thus we get £ = 1.7 + 105, But, on the other hand,

O

"]'-Qd, i’ (4'10)
where ng is the concentration of ﬁthospﬁerio atoms; and a& is the

effective
oross ssotion of diffusion. Taking @y = 3.85 ° 10~15 g/om3, with an acouracy
to 20~30%, we get

ny=1,6.10%¢ex"3,

(4.11)

“» Figure 116,

Various Stages in the Formation of a Sodium Cloud at .0
Kilometers,
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Considering that the composition of the atmosphere to 500 km is basically nitro-

% . gen and oxygen, we get for the density at 430 km,
% p = 4,7-'10"”’/c.u’. (4. 12)
A more accurate quantitative ogloﬁiation; based on solution of the differential

diffusion equation, gives the‘_f_ollowing valuess
ny==2,5.10% ca’s,

p==06,7. 10‘15’h.u". (4.13)

The errors in these measurements are no more than 30%,

LY4
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Manometer Measurements of Density and Pressure

In addition to determining the oharaéteriutios of the upper atmosphoré by
study of the deoceleration of satellites, the diffusion of sodium vapor (artifi-
‘cial comet), and observations of the radio signals from satellites, the third
Soviet artifiocial satellite was equipped to take direct measurements of pres-
sure and density at various heights using ionisation and magnetic electrio-
discharge manometers. The experi.ental method was the same as desoribed in
Chapter II., Figures 117 and 118 show the apparatus aboard the third satellite
for measuring pressure. |

The magnetic electrio-discharge manometer (Figure 117) was designed to

measure pressure in the range 10'5 to 10'7 mm Hg, and the ionization manometers

(Figure 118) measured p-essure from 10~/ to 10~9 mm Hg.

Figure 117, Magnetic Manometer, Figure 118, Ionization Manometers,

LY
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To avoid the influence of ionospherioc ions and electrons on the measure-
ment results, the ionization manometers were equipped with special saields and
traps. All manometers have avacuated and sealed flasks which are opened by
special mechanisms after the satellite has been e jected into orbit. During the
entire pressure-measurement time the amplifiers were periodically calibrated,
the emission current measured, and the wall temperature of one of them was
measured.

A number of theorstical and laboratory investigations were conducted dur—
ing the preparation of the experiment. Muoh attention was devoted to determin-
ing the gas release of the satellite; this was done by measuring the duration
of the degasification of the structural materials, and also by developing
methods to insure maximum hermetic sealing of the satellite,

Because of the duration of the measurements made aboard the satellite, it
was possible by means of the manometer readings to study the degasification of
the outer surface of the satellite and to fix the time at whioch the gas release
of the satellite begins to influence the measurement results.

In determining the pressure from the readings of the manometers aboard the
satellite, it was necessary to take into account its orientation in space, its
veloocity, and the gas composition and temperature.

For final interpretation of the manometer readings it was necessary to
establish a relationship between the pressure inside the manometer, measured
and transmitted to earth, and the pressure of the external medium, Such rela-
tion can be obtained theoretically by using the laws of molecular aerodynamics
(See Appendix 4). The pressure P1 measured by the manometer is associated with

the partiole concentration N at a given point in the atmosphere by the ratio

' WPy

v VM RT Vsino (4.14)

where A is Avogadro's number; R is the gas constant; M is the molecular weight;

V is the veloocity of tLs satellite; ® is the angle between the veloocity veotor
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of the satellite and the plane of the manometer aperture; T1 is the temperature

of the manometer wall,
After determining N, we caloulated the density and height of a uniform
atmoapheres

7 Ah
H = TR : (4.15)

where N" and N' is the oconcentration of particles in a unit volume of the atmos-
phere at two points, one 10 km above the other.

We then caloulated temperature T3

"
T - kﬁ- (4.16)
and external pressure Pi
P = kNT (4.17)

We used Formula (15) in Appendix 4 to caloulate the orientation angle 8.

Analysis of the obtained data, with certain assumptions regarding the mean
moleocular weight M, made it possible to oconstruct a oross seotion of the atmos-
phere for 225-=500 kmy the structural parameters of this atmosphere are given
in Table 32,

The measurements were made for various times on May 16, 1958 (1300-1900
hrs local time) and for various geographic latitudes (57°N - 65°N).

The data in Table 32 are in good agreement with the density values ob-
tained from the deceleration of satellites, the diffusion of sodium vapor, and
the results of radio observations of satellites.

Figure 119 gives the results of densiiy measurements using all the indi-
cated methods.

Information on the density of the upper atmosphere ((: = 3. 10'13q.cm-3 at
225 km), obtained from the deceleration of the first artifiocial earth satellite
and from the diffusion method ((_ = 6.7 ¢ 1015 g.om™3 at 430 km), has caused
an essential change in our oconcepts as to the parameters of the upper atmos-

phere., These measurements show that the density of the atmosphere at 220 km
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Table 32

Struotural Parameters of the Atmosphere at 225-500 km Altitude

108

Noows | ogher (i T, K| P dt/m r,*&
f,00.10%1 2,12.10-% | 40,0 | 936 | 7,76.10-% | 8,25.10~7
5,31 1,79 40,6 | 938 | 6,88 5,54
A1 1,7 41,3 | 9t 6,1 A,
4,17 1,42 42,0 | 946 5,44 4,k
3,71 1,25 42,8 [ 952 4,88 3,94
3,3 1,1 43,51 958 4,36 " 3,54
2,9% | 9,730 | 44,3 ] 964 3,01 3,17
2,64 8,66 45,21 ot 3,54 2,33
206 7,77 6,0 | 979 3,19 2,6
2,12 6,83 47,01 us7 2,89 2,5
1,91 6,1 41,91 9% 2,63 2,14
1,72 5,4% 48,8 1 1005 2,39 1,95
1,03 4,87 49,71 1015 2,17 1,78
1,4 4,36 50,7 | 10% 1,98 1,62
1,27 2,93 51,7 | 1037 1,82 1,49
1,15 3,53 52,7 | 1048 1,68 1,37
1,07 3,26 53,7 | 1059 1,56 1,29
9,57.108 2,9 54,5 | 1072 1,42 1,17
8,73 2,63 55,9 | 1084 1,31 1,008
7,08 2,39 57,0 | 1007 1,21 1,0
7,31 2,17 58,1 1 1110 1,12 9,28.10 4
6,7 1,98 59,2 | 1124 1,04 8,62
6,17 1,82 60,3 | 1138} 9,69-10- 8,08
5,68 1,66 61,5 ] 1153 9,04 (S
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is greater during the day than at night, and greater in the polar regions than
in the equatorial regions., Data obtained from the first artificial earth sat-
ellites allow us to draw conoclusions only regarding the diurnal regime, as yet.
The observed great deceleration of satellites can be explained by the faot that

the temperature of the upper atmosphere is higher than that determined in older

"rooket models",
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Figure 119. Results of Density Determination Using Various Methods:

1) third satellite (manometers); 2) satellite decsleration (Soviet

studies); 3) sodium ocloud (high altitude rooket); 4) first satellite
(radio observations); 5) satellite deceleration (Ameriocan studies).

This viewpoint is supported by extensive manometer measurements which
make it possible to reliably determine the height of the uniform atmosphere at
various levels in the upper atmosphere. Measurements showed that the height
of the uniform atmosphere increases as the distance from the earth: this indi-
cates a decrease in molecular weight N due to molecular dissociation, and a

gradual inorease in the temperature of the atmosphere. At 225«-500 km the temp-
erature was 1200-2000°*K,
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Mgsg~-Spectrometer Measurements of the Ion Compogition of the Upper
Atmosphere,

To mweasure the ion composition of the ionosphere the third Soviet satellite
oontained a radio-frequenoy mass-spectrometer, the principle of which has been
covered in Chapter II, The mass—spectrometer was designed to record ions with

mass numbers of 6 to 50, Figure 120 shows such an apparatus,

Figure 120. Radio-Frequency Mass-Spectrometer.

In the period 15-25 May 1958 approximately 15,000 mass spectra were ob=-
tained at heights ranging from 225 to 980 km. The measurements were made in
the Northern Hemisphere in latitudes 27-65°., The data obtained were for the
daytime hours (0700~1100 hrs Moscow time)., The mass number M of the peak was
determined from the formula | 7

e ). (4.18)
where V* is the valueée of the scan voltage at the moment of the peak; f is the
negative potential of the satellite; k is the instrument oconstant; m, is the
mass of a hydrogen atom; g is the ion charge; and V is the satellite velooity.

The main difficulty in decoding tﬁe data is in separating the basio (true)
ion masses from the harmonic (false) masses. The d;ta showd that at 225=980 Ikm

the most intense ion is the peak with mass number 16, i, e., an ion of atomio

oxygen 0*, The second most intense ion is that with a mass nuaber of 14, i. e.,
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an ion of atomic nitrogen N*,

In the region of the perigee there is a group of peaks with mass numbers
32, 30 and 28, Most of these are peaks with mass number 30, i. e., a nitric
oxide ion NO*. Peaks with mass numbers 32 and 28 are ions of molecular oxy-
gen O; and molecular nitrogen NE, If we compare the intensity of all mass ions
with that of an ion of atomic oxygen, the picture is as follows:

The ratio JN+/J0+ at 230-650 km varies from 1.3 to 8-10%, depanding on
height and geographic latitude (Figures 121 and 122); the ratio of the inten-
sities Jb;/Jo+ in the southern latitudes varies from 2.5 to 8% at 250-230 km
(to the perigoo), while in the northern latitudes the peak of ions of molecu~
lar oxygen can be traced to 400 km; the ratio at these heights Jog/Jo+/~'0.1%;
at 400-500 km the ratios Jy,+ and JN§/J0+ are practically identical, 0.2-1%.

Above km no moleoular ions can be found, and the ibnosphoro becomes purely

atomio, with an aoouracy to 0.1%, an oxygen-nitrogen atmosphere,
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Figure 121, Change of the Relative Pigure 122, Change of the Relative
Intensity .of the Ion Peaks of Atom- Intensity of the Ion Peaks of Atom-
io Nityege®h as a Funotion of Height, io Nitrogen vs. Geographic latitude,
from the Data of Two Orbits on from the Data of Two Orbits on

23 May 1958, 23 May 1958,

Up to 250 km, the most wide-spread ions are NO* ions which form, aoccord-

ing to available information, as a result of the reaction of oxygen ions with
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noutral moleoules of nitrogen, or as the result of the rcaction of oxygen atoms
with ionized nitrogen molecules. Ion composition measurements made aboard the
third satellite showed that at heights to 500 km there are molecular ions,
while above 500 km there are only atomic ions. This result is important from
the viewpoint of explaining the processes of ionization balance in the atmos-
phere. Another interesting faot is the noticeable oconcentration of ot ions

at heights of the order of 1030 km, Hydrogen is not the basioc (predominant)

6omponent of the ionosphere right up to 1000 km, whioh changes our previous

oonocepts.
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INVESTIGATION OF THE IONOSPHERE

A study of the propagation of radio waves in the ionosphere,

the extent of their abosrption, and determination of ionisa-

tion of the upper atmospheres.

Extensive materials with recordings of radio signals from artificial
earth satellites have been acocumulated. These observations were carried out
at points located at different geographic latitudes and longitudes, by radio-
direction stations, by DOSAAF clubs, by a number of institutions of higher
learning, and by thousands of radio amateurs. It is known that owing to the
electromagnetic properties of the ionosphere, radio waves are propagated over
very great distances. In this connection‘wa can point out one interesting
phenomenon whioch was known earlier, but which was especially manifested olear-
ly during observation of the signals of the Soviet artificial earth satellites.
This phenomenon is called the antipodal effect and oconsists in the following!
the power of the received signal increases at a point located at the antipode
of the transmitting station. From the reocordings of the results of the reocep-
tion of radio signals of the first satellite in the Antarotioc, in the village
of Mirnyy, we see (Figure 123) how the radio signals of the satellite were
received on a frequenoy of 20 Mc when it was in the region of Mirnyy and at’
the antipode to it., Such cases, when over a long period of time favorable oon-
ditions are realiged in the ionosphere for "run-off" of radio waves to the
dismetrically opposite point on earth, are of considerable interest.

The measurements of the strength of the field of radio signals received
from the satellite are of very great signifioance. The results of measuring
the field strength of the radio signals permits us to estimate the absorption
of radio waves in the ionosphere, including those regions whioh lie above the
main maximum of ionisation of the ionosphere of the F-2 layer, and therafore

are inacoessible to ordinary measurements conducved on the earth's surface.
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These measurements also permit us to judge the possible pathways for the propa-
gation of radio waves in the ionosphere. The results of receiving the satel-
lite's signals and the measurements of thoir levels show that these signals on
the 15-m wave were received over very great distances, far exceeding the dis-
tances of straight visibility., These distanoces reached 10, 12 and 15 and some-
times more thousands of kilometers.

Of especial interest is that a satellite completing motion about an ellip-
tio orbit, oocupies a different position relative to the main F2 maximum., When
processing the material on radioc observations we must take into consideration
whether the satellite at a given inastant of time is above or below the true
height of the F2 maximum which is obtained on the basis of the high-=frequenoy
characteristiocs of the ionosphere recorded by the ionospheric stations., If in
the Southern Hemisphere the satellite moves above the F2 layer, then in the
Northern Hemisphere it is sometime above the ionisation maximum of this layer
and at other times below it, and again close to this maximum. Such conditions
oreate a great diversity in the pathways of propagating short radioc waves over
considerable distances.

We have already spoken above about the antipodal effeot in the propagation
of radio waves, Another of the possible ways to propagate radio waves is their
reflection from the earth's surface having passed through the entire thickness
of the lonosphere with subsequent single reflection from the ionosphera in
those regions where the oritical frequencies are suffioiently great. In other
ocases the radio waves striking at a ocertain angle from above upon the ionosphere
undergo an appreciable refraction and thus penetrate the region lying beyond
the limits of geometrioc straight visibility.

A satellite position close to the region of maximum atmospheric ionisa-
tion oreates especially favorable oconditions for propagation of radio waves by
ionospheric wave guides. In certain cases the radio waves arrived at the re-

ceiving point, not over extreme distances, but by short-cutting the earth over
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Figure 123,

Recording of Radio 3ignals when Satellite is at Antipode.
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a longer arc of the great ocirocle. In individual cases we observed the phenom=
enon of around-the-world echo of radio waves. In some ocases the measured
values of tke field strength proved to be larger than those caloulated by the
law of inverse proportionality of the first power of distance, whioh also pro-
claims the presence of channel wave guides in the ionosphere,

The desoribed phenomena —— the distortion of the pathways of radio-wave

propagation, their reflection, partial or complete absorption =- are determined

by the conditions of the ionosphere and, in particular, by the value of the eleoc-

tron concentration which is one of the main parameters of the ionosphere,

Until recently the electron oconocentration was measured mainly within
heights up to 300 km, i. e., below the principal maximum of the F2 layer. The
greatest value of the eleotron ooncentration, detected in the middle latitudes,
reached 2-3 million electrons per 1 om3. In addition, the electron concentrat-
ion inoreases with height:t at 300 km it is 10=15 times greater than at a
height of the order of 100 km,

With the development of artificial satellites, new possibilities were
manifested for an efficient study of the ionospheric layers lying above the
ionisation maximum. The observation mathod of "radio rising" and "radio set-
ting" of the satellite was used to study the distridbution of the eleotron ocon-
centration with height. This method of radio observation consists of the fol-
lowing.

As the satellite moves around the orbit, the trajectory of the signals
being received in the ionosphere between the satellite and the observation
point has the form depioted in Figure 124 (ourves 1,2,3). We assume that the
satellite emitting radio waves of frequency GJ pass over the observation point
above the prinocipal maximum of the eleotron concentration of the ionosphere
(nu), the oritical froquogqy of which fy is determined gron the relations

mf:(Zﬂd’héﬁanz:st.;VNM.f - (4.19)
If ) o» (O, , then the propaga“tionléf radio waves oclose to the optiocal and the

117



0 ———y
i i i G e e R L EEE T - . - . BN . [ i
«

corresponding trajectories are straight lines 1*', 2', 3'; as is well known,
. the visible optic "setting" or "rising" is characterised by the fact that a

S B ¢ R e M e . ) sl

light ray coming from the observed body is straight, tangent to the observation

point.

1~ satellite

2= optical setting

3= radio setting

4- max, horizontal range of
receiving satellite signals

4

Figure 124. Trajectory of Radio Waves in the Ionosphere between the

Satellite and the Observation Point.

If the value of () is not very large, then owing to the ourve of the tra-
4 Jeotory of the wave in the ionosphere, the radio beam is not a straight line
(ourve 3), Therefore, the "radio setting" oocours later than the optical, and
the "radio rising", oonversely, is earlier than the optical. Knowing now the
height of the satsllite and the condition of the ionosphere up to its main
maximum from the data of the ground ionosphere stations, we can caloulate the
electron ooncentration above the main maximum of the ionosphere. The method
indiocated was used to work out the results of the radio observations at six
points during 5, 6, 7 October 1957. As a result the distribution of the eleo-

{ tron ooncentration up to a height of 600=-650 km was obtained. The electron
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concentration in the outer ionosphere decreases with height considerably less
. slowly than it increases in its lower part. Its rate of change is slowed by
about 5-6 and more times., Moreover, the data obtained permit us to caloulate
the value of the density of neutral partiocles (n)., If we assume that for

h o 400 km the l1life ’Z‘e of a fres eleotron reaches 105 - 106 sec, then under
quasi-stationary oonditions, the ratio n/N has the value Tn/ o where ’Z n is
the time between the individual aots of ionisation. Henoe

T
n
n~N;— . -
e .

Table 33
Value of Eleotron Concentration and Density of Neutral Particles
Obtajned from the Regordings of Radio Signals
Height Z, Electron Density of neutral
i conc, N, cn} particles g in om’
200 e
a0 1,310 —
400 1,4-108 6. 108
KT)) 7-10% W’
1150 1o 2000
1800 [ R TI 24108
2550 110 20
MO0 1-10° <A1

The results of the caloulations are shown in Table 33 and in Pigure 125

(the values of n and N above 650 km were obtained by extrapolation).
’:,"'7.7 T T —— JUREN

2t N first sat
\

height 2, Wm N
T aete ;
rm !
| l RS
: L
Electron concentration N, electron/cm
. Figure 125. Curve of the Dependence of Eleotron Concentration of Iono~
i sphere on Height adove Barth's Surfaoce.
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Determination of Concentration of Positive Ions in Upper Atmosphere.
. Along with using radio methods, an experiment was set up on the third

Soviet artificial satellite for the direct measurement of the concentration
of positive ions up to heights of 900-1000 km. For this purpose a special de-
vice was installed on the satellite having two ion traps (Figure 126). The
principle of the operation of such a devioce is ocited in Chapter 2. Along with
the concentration of positive ilons, it permitted the determination of the
potential of the satellite relative to the ambient medium. In the seoctions of
the orbit illuminated by the sun, the potential proved to be minus 1-7 v. The
value of the negative potential of the satellite oan apparently be interpreted
as the result of the effeoct on it of fast eleotrons whose energy considerably

exceeds the average energy of the atmospheric partioles.

Figure 126. Device for Measuring the Concentration of Positive Ions,

As a result of treating the material obtained, graphs were plotted of
the variations in concentrations of positive ions based on the orbital loops.
The over~all view of the ocurves obtained by different methods has the
same character to heights of 660, 760, 800 and 900 km over the earth's surfaoe.
Of greatest interest is the ocurve which shows the variation of the ion
X concentration up to 1000 km (Figure 127).
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Figure 127, Curves of the Variation of Eleoctron Concentration

Obtained by Different Methodss 1) first satellito, 5-8 Oot 1957,

7 hr 40 min - 9 hr 40 min (radio signals); 2) third satellite,

19 May 1958, 11 hr 00 min (ion trapgn.3) high altitude roocket,

21 Fedb 1958, 11 hr 40 min (radio 1nteferometer).

Starting at 850 km and higher we noted a considerable slowing down of the
drop in the oonoentratioﬁ of positive ions with height. The concentration of
positive ions at 980 km is 6 * 104 ions/om3 provided that the ions are those of
atomic oxygen. This assumption is experimentally confirmed by measurement of
the ion composition at these heights,

We can assert with complete confidence that the oconcentration of about

3.6 + 103 ions/om3 is the lower limit of the oconocentration of positive ions at

a height of about 1000 km.

Detection of Eleotrons with ap Energy of about 10 kev in the Upper
Atmosphere.

One of the factors of additional ionisation of the atmosphere are the
corpuscular streams moving from the sun =— fast proton:,i‘ -particles, elec-
trons, eto. These ocorpuscular streams penetrate the earth's atmosphere mainly
in the polar regions at high geomagnetic latitudes, which is explained by the

effect of the earth's magnetic field on them.
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When the intense corpuscular streams penetrate the upper layers of the
atmosphere thera usually take place the phenomena of polar auroras, the obser-
vations of whioch have served until recently as the main method of investigating
corpusoular radiation. The data obtained as a result of analyzing the spectra
of polar auroras permitted us to make the assumption that in the upper atmos-
phere, owing to the variable magnetic fields generated by the interplanetary
medium and by the solar corpuscular streams, there can be an acceleration of
atmospheric electrons to an energy exceeding the energy of the eleotrons in the
solar corpuscular streams. However, the constant presence of not especially
hard corpuscles —— electrons even over the low latitudes was not assumed and
was assoolated only with corpuscular outbreaks in the zone of polar auroras.

An experiment was set up on the third Soviet satellite for the direot
detection of not especially hard electrons in the upper atmosphere., For this
purpose a device was used which recorded the corpuscles by means of a fluores-
cent soreen and photomultiplier (Figure 128). The operating principle of this
devioe was oited in Chapter II. The thin fluorescent screens of zinoc sulfide
aotivated by silver ocontaining 2 mg/om2 of the substanoce made them insensitive
to x-radiation generated by the electrons in the atmosphere and in the body of
the satellite. To suppress protons with energies of several tens of kev, alum-
inum foil sheets, containing 0.4 and 0.8 mg of the substance per 1 cm2, were
placed in front of the soreen.

By means of this device, not especially hard eleotrons with an energy of

about 10 kev were detected diractly for the first time. They were recorded at

‘heighta from 470 to 1880 km over sea level. Their intensity during the daytime

was greater than during the night., In addition, the intensity continuously
changes, oonsiderably inoreased with height and over high geomagnetic latitudes.
The least intensity was recorded over the geomagnetic equator. The electrons
detected, as a rule, were moving close to directions perpendicular to the mag-

netic lines of force. The current densities developed by the electron streams
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in directions perpendiocular to the magnetio lines of foroe were in most cases
. an order greater than in a direction along and opposite to the magnetic lines

of foroe, The ourrent density towards the earth is apparently somewhat greater

than in the opposite direotion (Figures 129 and 130).

The energy flux of not especially hard electrons at the threshold of the

device's sensitivity was about one-millionth of the flux of solar energy im-

pinging per unit area of the earth's surface., When it exceeds the socale of the

device it is equal to approximately one-thousandth of the energy flux of solar

radiation,

Figure 128. Device for Investigating Corpuscular Radiation.

The electrons, thus recorded, ocould not be direoctly by solar corpuscles
sinoce their velocity greatly exceeds the velooity of the motion of solar cor-
puscles determined from the observations of polar auroras. They most probably
can be relegated to atmospheric eleotrons acoelerated in the outer atmosphere
due to the variable geomagnetic fields.

The new phenomenon detected is of great interest from the point of view
of the physics of the upper atmosphere. It can explain a number of anomalies

! in the ionosphere and be an additional source of heating of the upper atmosphere
over the polar regions.
123
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Figure 129. Diagram of the position of the instrument in space with an
indication of the orientation of the sensors relative “o the magnetic
lines of force. The intensity of the recorder's irradiation by part-
ioles is shown in Figure 130 in polar coordinates related with the
instrument. The polar angle characterises the axial direction of the

‘ sensor with the magnetio lines of foroce.
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Figure 130. Irradiation intensity of the recorder with foil 0.8 mg/om2
by partiocles relative to the orientation of the sensor with respeot to
the magnetic lines of force (the intensity in conventional units is
laid out along the radius).

a) sensor recording the corpuscular stream coming along the lines of
force toward the earth; b) sensor recording the corpuscular stream
coming along the lines of force from the.earth,
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A Study of Radiation Near the Earth and in Cosmic Space.
The second and third Soviet artificial earth satellites, the cosmic ship-

satellites, and cosmic rockets were equipped with apparatus for studying the
radiation near the earth and in cosmic space (Pigures 131=133). The principles
of oonstruoction of this apparatus are given in Chapter II,

The measurements on the second sputnik were made with the aid of charged-
particle ocounters.

The quantity of matter surrounding the counters amounted, on the average,
to 10 g/om2.

During the flight of the sputnik over the territory of the Soviet Union
the measurements were made on direct and inverse windings. The flying altitude
of the sputnik on direot windings was 225-240 km, while on inverse windings it
inoreased from 350 to 700 km, as the latitude decreased from 65 to 40° North
Latitude. The measurements of these altitudes made it possible to asocertain
the dependence of the intensity of the primary cosmic radiation on the altitude
and on the geographio latitude and longitude.

Figure 134 shows the dependence of altitude of the ratio between the cos-
mio=-ray intensity on inverse windings and the intensity on direct windings in
one and the same geographioc points. From the diagram it is clear that at medi-
um latitudes, as the altitude changes from 225 to 700 km, the ocosmic-radiation
intensity inoreases approximately 40%, This situation ocan be interpreted in
various ways. It may be that the inocrease in intensity is due to a decrease
in the shielding action of the earth and the effect of its magnetic field, whioch
prevents cosmic radiation from penetrating to the earth. Nor is it impossible
that the inorease in the ocosmio-radiation intensity is related to the beginning
of penetration into the radiation sone.

Msasurements of cosmioc-ray intensity with respect to latitudes are of

great interest in view of the faot that they enable us to obtain new data
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Figure 131. Cosmio-Ray Counter Installed on the Seocond Sputnik

Figure 132, Cosmioc-Ray Counter Installed on the Third Sputnik

-

A

Figure 133. Iuminescence Counter Installed on the Third Counter
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Figure 135. Recording of High Intensity at High latitudes
on the Seocond Artificial Satellite, November 7, 1957

a) counting rate, pulso/seo; b) Moscow timej os North
Latitude,

128



s st u 0 B T

' ot |
«J I Ovn-02
*,z & : /\/\j 447
T
N
LR )
2.701)--§'z - W\\ '
(<3
3 TN,
]
2009 FRI +
3
| T T DA DU G T WO S | [ STV YARS UL U TN ST U NN SUOU0 WO N W St |
o 1129 1449 150 fJ“
ooera (recrotenoe) Co
Figure 136,

Characteristic Recording of the Counting Inten-
sity and the Ionisation According to the Data of a Lumin-
escence Counter 19 May 1958,

1) ionization aocording to measurements of dynode current;

2) ionisation acocording to measurements of plate current;
3) oounting intensity
a

energy release, 10° ev/sec; b) pulsv/soo; c) time (Mosoow)
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concerning the earth's magnetic field at great distances from the surface of
the earth,

The lines of oconstant cosmio-radiation intensity (isocosms) plotted from
the measurements on the second sputnik failed to coinocide with the geomagnetio
parallels, This attests to the faot that the charaoteristios of the magnetio
field at high altitudes differ from those obtained on thes basis of magnetio
measurements on the surface of the earth.

The measurements on the seoond sputnik recorded short-period variations
(fluctuations) in cosmio-radiation intensity apparently related to the state
of the interplanetary medium near the earth, In one case a sharp increase
(50%) in the number of cosmic~radjiation particles was noted (Figure 135), at
the same time that stations on the earth detected no noticeable changes in
radiation intensity. It may be that this increase was caused by an intrusion
of the sputnik into high-energy electron fluxes (related to corpuscular solar
radiation) or by the generation on the sun of low-energy cosmioc rays, which
are strongly absorbed by the earth's atmosphere.

The third Soviet artificial earth satellite was equipped with a consider-
ably more sensitive apparatus, a luminescence counter (see Figure 133).

The counter consists of a ocylindriocal orystal of sodium iodide and a
photomultiplier with a photocathode. This device was used to measure:

the event-ocounting rate, when the pulse corresponded to an energy release
in theeKkystal of more than 35 kevy

the plate current of the photomultipliers

the current of the intermediate dynode.

The last two parameters characterise the total energy release in the orys-
tal per unit time, whioch makes it possible to determine the total ionisation

in the orystal. The operation of this counter and its cirocuitry are desoribed
in Chapter II,

130



SO SRR PTG 97 51 iy o e s

The measurement data from the luminescence counter were transmitted to

. earth by means of a "Mayak" radio transmitter on a frequency of 20 Moj this

-

transmitter operated uninterruptedly during the flying time of the sputnik,
The "Mayak" transmitter transmitted information by changing the length of the
telegraph pulses, the oconfiguration of which is shown in Figure 83.

From the readings of the counter it was ostablishod.that in all cases with-
ont exception, when the sputnik entered the field of geomagnetio latitudes
55~65¢, either in the Northern or the Southern Hemisphere, a sharp increase
was noted in the intensity of the X-ray radiation, whioh is oreated by elec-
trons bombarding the housing of the sputnik, The energy of these elesctrons
is about 100 kev, or less, while their flux has a value of 103-10% partioles/
om * aec ° ster,

Fig;re 136 shows a ocharacteristic recording of the counting intensity and
the ionization. The lower represents the counting rate, while the upper ocurves
represent the ionization according to measurements of the dynode and plate cur-
rents, The results of the measurements indicate that the recorded ionisation
value is several times greater than the ionization caused by cosmic rays. This
is also borne out by the readings of the dynode and plate ocurrents, the differ-
ence in the measurements of whioh is not great. .

Figure 137 shows a geographinal map, on which the places where the sputnik
enters the gone of high intensity are indicated by dots, while the places
where the sputnik emerges from this sone are indicated by crosses, The dashed
line indicates the geomagnetio parallel. As ocan be seen from the diagram, the
gone of high intensity is not symmetriocal with respeot to the magnetio pole,

In the tests we are desoribing it was also established that the radiation
intensity inoreases with altitude, This faoct indicates that in the zone of
polar auroras there ocours an acoumulation of charged partioles, whioh oscil-

late along the lines of force of the magnetic field.
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Thus the tests on the third artificial earth satellite prove beyond a

. doubt the presence of an intense radiation gone, which is called the outer
radiation belt around the earth, From this it follows that the earth's mag-

netic field is for low-energy oharged particles a unique trap, in whioh the

partiocles can move along practically closed trajectories for a very lone time.

sY°S0°

A

s9° 70’

69°

Pigure 137. Map 8howing the Places where the Third Sputnik Entered
(dots) and Ewmerged from (orosses) the Outer Zone on the Low-Latitude
Side.

HOUNAR Jona ‘v

Figure 138. Configuration of the High-Radiation Zones Surrounding
the Earth, Solid Line is the Trajectory of Motion of the Cosmio
Rooket.

a) outer sone; b) inner sone

The oonditions for acoumulation of partiocles are not fulfilled at latitudes

greater than 65°, and therefore the regions adjacent to the poles are free of

( radiation.
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: Figure 139, Characteristic Recording Made by a Luminescence Counter
‘ in the Southern Hemisphere.
a) ev/sec
In addition to the outer radiation sone around the earth, there exists an
inner radiation sone, located in the region of the equator at an altitude of
~~1000~2000 km (Figure 138).
( Detailed data concerning this zone were obtained with the aid of the third
N sputnik. In Figure 139 we have reproduced one of the reoordi?gs of readings
of the counter; it was obtained in tke Southern Hemisphere at the altitudes
1600=-1100 km.,

The measurement data indicate that as the sputnik moves toward the equator
the radiation intensity inoreases sharply, in spite of the deorease in the alti-
tude of the sputnik from 1600 to 1100 km. The latitude plays a signifiocant
role in this process. It was found that charged particles of the inner sone
£111 the region from 35° south geomagnetic latitude to 35° north geomagnetic
latitude at an altitude of approximately 1000 km. The altitude of the lower
boundary of the inner gzone was found to be different in the Eastern and Western
Hemispheres: in the Eastern 1500 kmj in the Western 500 kmj. This is due to
the shift of the magnetioc dipole relative to the center of the earth. An anal-

{ Ysis of the data showed that protons with an energy of the order of 100 million
ev are most charaoteristio of the inner sone,
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Purther study of the outer radiation zone took place durirg the flights
of Soviet cosmio rockets,

The first ocosmic rooket recorded the radiation intensity near the earth,
and the cosmic radiation with the aid of two Geiger oounters and two sointil-
lation ocounters,

The first devicve ocontaining a sointillation ocounter was similar to the
device installed on the third sputnik., It was used to measure the number of
events with the energy threshholds: I = 45 kevy II = 450 kev; III - 4.5 Mev;
IV - total ionigzation.

Both Geiger counters and the first scintillation oounter were loocated in-
side an alumimum casing 1 g/om?® thiock. Approximately 20% of the total solid
angle was shielded by material of the order of 10 g/omz. The second sointil-
lation counter was located outside the shielding ocasing. The sointillator,
which was 0.3 g/om2 thick, was covered on the free-space side with aluminum
foil 1.9 mg/om2. This device recorded only the total ionization in the orystal,
The measurements were made at distances of 8 to 15C thousand km from the cen-
ter of the earih. As a result of the measurements, the spatial distribution
of the outer gone was obtained, and the composition of the radiation in the
outer gone was studied in more detail. It was found that the effective energy
in the regions of the maximum is approximately 25 kev, while on the boundary of
the sone it is approximately 50 kev,

A oonpgrilon ol the readings of all the %nstrumenta installed on the first
cosmic rooket enabvles us to establish that the maximum intensity is reached at
a distance of 26 thousand km from the center of the earth., At a distance of
55 thousand km the radiation intensity is practioally equal to zero (1n rela-
tion to the baokground of oonstant cosmic radiation). In addition to depend-
ing on the distance, the radiation intensity is determined to a large extent

by the magnetioc line of foroe on which the measurement is made, It was found
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that the partiole flux is not unidireotional. The particles oscillate along
. the magnetioc lines of foroce from one hemisphere to the other, undergoing. total

reflection upon approaching the earth, acocording to the laws
2

= oonst, (4.20)
where @ is the angle betwsen the velocity vector of the partiocle and the mag-
netio-field veotor at the given point of the trajeotory.

Thus the outer gzone, aoccording to the data of the first ocosmic rocket,

must be conceived of as being located in the space between the magnetioc lines

of force 55° and 67°®., The maximum intensity is observed on the line of foroe

62* (Figure 140). Beyond the limits of the outer zone (66 to 150 thousand km)
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the first cosmic rooket measured the primary cosmic radiation, which is unaf-
feoted by the earth's magnetic field at such distances, This means that either
the earth's magnetic field "disappears™ at distances of 10 earth radii, or that
there are no particles in the cosmoo, which could be deflected by a magnetic
field of the order of 3 + 10~4 oe.

The flux brimary cosmic rays amounts to 2,3 £ 0.1 particles/cm2 * sgeo,
The photon intenaity in the interval 45 % 450 kev is 3.2 % 0.1 photona/om2 * seo
and is 1 £ 0.1 photong/cm2 * sec in the interval 450 t 4500 kev. The energy
flux of the photons is very small and makes practically no ocontritution to

ionization (see Figure 140).
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Figure 140. Trajeoctory of motion of the first Boviet Cosmioc Rocket in
geomagnetic coordinates, The Mosocow flying time and the radiation
intensity (vertical lines standing on the trajectory) at a given point
according to ionization measurements in a sodium—-iodide orystal) are
indicated along the trajectory. The magnetic lines of foroce inter-
seoting the surface of the earth at the geomagnetic latitudes 50, 55,

60, 65 and T0° are shown., The outer belt is denoted by hatching, tae
inner belt by dots,
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Various devices were installed in the second cosmic rooket, their use made
it possible to oonduot investigations even deeper into the outer sone, and also
studies in which radiation bands were discovered aroung the Moon. The appara-
tus oonsisted of gas—discharge and scintilletion counters. They were installed
inside as well as outside the housing.

Inside the housing one scintillation counter was installed to record oomp-
lete ionisation and the pulse—count rate (the pulses corresponded to energy
liberation in a orystals I 60 Kev, II 2 600 Zev, III > 3.5 Mev, and two gas-
diléhargo counters with additional shielding; one oounter had a copper shield
1.5 mm thick, and the other a lead and an aluminum shield, 3 and 1 mm thiock
respectively. All three instruments were located in a shell with a thiokness
of 1 g/om® aluminum, In addition, about 20% of the total solid angle was
covered witi a substance 10 g/om? thiok.

Two sointillation counters were installed outside of the housing., One
recorded complete lonigzation and was closed from the free-space side with alum-
inum with a thiockness of 1.2 mg/omz, the other recorded complete ionization
and the pulse-rate count corresponding to the energy liberation: I 2 45 Kev,

II 2 450 Kev. The orystal of this ocounter was shielded with 1 g/om2 aluminum,
and only about 5% of the total solid angle was covered by a greater quantity
of the substance (,~10 g/o.nz). Three gas-discharge counters were also mounted
outside the housing. The first was shielded with 3 mm of lead and 1 mm 61‘
alumirum having a window with an area of 2.8 ona, the second had the same kind
of shield, but the window had an area of 1.6 om?, shielded with copper foil
0.2 mm thick, the third had the same shielding and a window with an area of
1.6 onz, shielded with copper foil 0.5 mm thiock. In addition, all three win-
dows were shielded with aluminum foil 0.2 mm thiok., The wall thickness of all
three counters was 50 ng/cm2 of stainless steel. The second and third gas-
discharge counters, mounted outside the housing, operated only in the high-
intonsity sone., After leaving the high-intensity sone, the telemetry channels
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transmitting data from the gas-disoharge counters were switched to the trans-
mission of information from the scintillation counters,

Putting this apparatus on board the seoond ocosmic roocket made it possible
to obtain new information on the three-dimensional looation of the outer radi-
ation zone,

Figure 141 shows the position of the maximums of the high-intensity gone
acoording to data from the first and second cosmic rookets. As has alreoady
been stated, the maximum of the outer radiation zone of the Second of January
was observed at a distance of 27,000 km on a line of force of 62°, On the
12th of September the maximum wae observed at a distance of 17,000 iwa from the
oenter of the Earth on a line of force of 59°. The reasons for this may be
varied. In the first place, the different trajectory positions on the 2nd of
January and the 12th of September relative tc ithe direction on the Sun, whioh
could have caused a systematioc deformation of the Earth's magnetioc fi@ld; in
the ssoond place, the deformation of the belt could have been due to the vary-
ing nature of the ocorpuscular ocurrents and therefors, due to the varying nature
of injeotion of particles into the radiation sone. The difference in the speo-
trum of particles recorded on the 2nd of January and the 12th of September
speaks in favor of the latter case.

The resuits of measurements of ths particle composition of the outer belt
on ithea second cosmio rocket support the data from the first cosmic roocket that
particles with a path of several g/cn2 are absent in the outer radiation belt,
Essentially new data were obitained from the readings of gas-discharge counters,
installed inside the housing and shielded with additional filters of copper
snd lead. Both counters recorded photons with energy greater than 400 Kev,.

An analysis of the readings of the gas-discharge oounters allow it to be as-
sumed that there exist two separate groups of particles; electrons with ener~

gles of 20 Kev and electrons with an energy of 2 Mev (or protons with an energy
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of 10 Mev), Apparently the formation mochanisms of both groups are essen-
tially aifferent. '

/\ 12.8.59

Lk

Figure 141. Maximum of the High-Intensity Zone According to Data
from the Firat and Seoond Cosmic Rookets,

Figure 142. An Instrument for Measuring the Quantity of Heavy
Nuoclei’ in Cosmioc Radiation.

One of the most important problems in launching the rooket on the 12th of
September was the discovery of the llc;on'- radiation belts. The result is nega-
tive: In approaching the Moon up to a distance of 1000 km from its surfaoce,
the inorease in radiation intensity of 10% of the cosmioc background is not
deteoted,

Thus, it may be assumed that for all practiocal purposes there are no lunar
radiation delts.

{ Apparatus for measuring heavy nuclei in primary ocosmic radiation was
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installed on the third artifiolal Earth satellite and the ocosmic rockets, A
Cerenkov counter served as the sensitive element of the instrument; it consist-
ed of a plexiglass detector and a photomultiplier., One of these instrunents
is shown in Pigure 142,

The determination of the charge of a particle was made in the Cerenkov
ocounter by measuring the intensity of luminescence, which is proportional to
the square of the charge, (See Chapter II).

The instrument installed on the third artificial satellite recorded the
miclei with kinetio energy greater than 3-108 ev/nuoloon. The instrument was
ad justed to record two groups of muclei: with a charge greater than 15 to 20
and with a oharge greater than 30 to 40. Processing of the data on the oper-
ation of the instrument fo: 9 days showed that 1.22%0.8 particles with Z>» 15
to 20 per minute passed through the instrument on the average. Only one oase
of the wear of a ohannel, tuned to 2 > 30 to 40, was noted in the ocourse of
the 9 days. This evaluation showed that the maximum number of nuclei with
Z 30 to 40 passing through the Cerenkov counter 4id not exceed 1 to 3. Hsnoce
it followa that a stream of nuclei with Z 2 30 to 40 makes up not more than
0.03% of a stream of nuolei with Z > 15 to 20. Thus, it should be assumed that
the stream of heavy nuclei is small, and that the indiocation of the exiatenoce
of a stream of muolei with Z 2» 30, comparable with a stream of nuclei of the
iron group in magnitude, is not supported.

Cerenkov counters for recording aplha particles and miclei with Z 7 5 and
Z 7 15 were installed on the second cosmic rooket., The counter for recording
alpha particles was loocated ouiside the hermetically sealed housing, the others
mere igpide it. The thiockness of the shell of the housing did not exceed
1 g/ouz of aluminum. The oounters recorded nmuclei with a total energy greater
than 1.3° 10° ev/nucleon. The channels along which the information on nucleus

reoording was transmitted were designed For determined threshold values of
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energy, but counts of alpha particles and nuclei with 225 and Z > 15 ocan be
made by thenm.

In addition to the nuoleus-count channels, there was a channel for record-
ing the intensity of all charged particles in the radiation belts, the so-called
radiation indicator., The radiation indicator, besides recording low=-energy
oharged partioles (elsotrons with an energy of 15 to 20 Kev) oreating X-ray
radiation in the shell of the housing to which the photomultiplier of the Cer-
enkov oounters were sensitive, could also record eleoctrons passing through the
shell of the housing and having a kinetic energy greater than 2 Mev. Protons
and nmuolei with a total energy greater than 1.3‘109 ev/nucleon were recorded
by Cerenkov radiation.

Figure 143 shows the course of radiation intensity recorded by the radia-
tion indicator as a funotion of distance. Curve 1 was obtained during the
£1light of the first cosmic rocket and attests to the presence of a maximum
radiation intensity at distance of 22,000 km from the Earth's surface; ourve
2 was obtained during the flight of the second cosmic rocket and attests to
the presence of maximum radiation intensity at a distance of 10,000 km from the
Earth's surface. From these ocurves, as well as from a comparison of data from
luminescence counters (see above), it is apparent that the maximum radiation
intensity, as well as the entire radiation belt obtained during the flight of
the seocond ocosmic roocket, was shifted toward the Barth in comparison with the
maximum recorded during the flight of the first cosmic rocket.

Beyond the outer radiation belt the radiation indicator reonrded only
protons of primary ocosmic rays. The stream recorded equalled 2 to 4 ptrtioloc/
onZ.se0, | )

In the vicinity of the Moon and during the approach to it, the indicator
did not detect a noticeadle increase in intensity. The information from the

channels recording «particles and nuclei with Z> 5 and Z > 15 indiocates
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that the mean values uf @ -particle-~streams and the aforementioned groups of
nuclei do not vary with distance at long distances from the Earth, An approx-
imate stream value of 140 % 10 to 150 * 10 particles/m2.sec.sterad was obtained
for d -partioles; 10.0 % 0.3 partioles/m2.secsterad for Z2> 53 and 0.37 % 0,06
particlol/b2oseo-sterad for 2 >> 15, at determined values of the geometrioc fac-

tor of the Cerenkov oountor-1.
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Figure 143, The Course of the Radiation Intensity Recorded by a

Cerenkov Counter During the First and Second Cosmic Rooket Flight,

During the flight of the second oosmic rocket an interesting phenomenon
was disoovered: At 1127 UT, 12 September 1959, the number of nuclei with
2 Z 15 entering the counters inoreased by a factor of 11.8 (11.8 £ 0.7) in
oomparison with average intensity. This increase lasted about 17 minutes, At
the same time, the number of nuclei with 2 Z 2 and 2 Z 5 inoreased by faotors
of 1.3 £ 0.1 and 1.5 % 0.3 respectively.

An analysis of this phenomenon showed tﬁat it was oconnected with proces-
ses taking place on the Sun: at a time interval closely coinoiding with
inorease in intensity of the nuoclear component, two chromospheric eruptions

and also an outburst of radio emission were recorded at stations on Earth.

1

= The geometric faotor in this case is the value, having dimension
[ogzooterad s the prcduct of whioh by the value of the stream [particles/
cmcesec-sterad] ~quals the numbsr of ocounter readings per second,
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A ocomparison of these data leads to the idea that on the Sun processes
apparently take place in whioch nuclei are accelerated to energies exceeding
1.5*10%v/nucleon.

Essentially new results in the study of cosmio rays were obtained during
the flights of the second and third satellites.

As is known, the orbit of the satellites was at an altitude of 200 to
300 km. 4s a result of measurements, a chart of the distribution of intensity
over the entire Earth was obtained. It followp from this onart that near the
equator the intensity ot radiation is comparatively low. High-energy couvsmio~
ray partioles ocour at the equator. Moving from the equator to higher lati-
tude, radiation inocreases. This takes place because far off from the equator,
not only high-energy partiocles, but also cosmic~ray particles of low energy
reach the Earth from space, particles of low energy than is necessary to reach
the equator.

At latitudes exoceeding 50° an inoreased number of electrons is observed.
This is the beginning of the outer radiation belt of the Earth. When approach-
ing the Earth's magnetic pole, the radiation intensity again drops; partiocles
of the radiation belt do not penetrate to here, only cosmic rays.

Finally, this ochart indicates a considerable increase in radiation inten-
sity in the region of the South Atlantio. This phenomenon is apparently oon-
nected with the existence of anomalities there of the Earth's field.

Studies of Interplanet Gas Us Io 8.

Experiments were run on all three Soviet cosmic rockets to study ionised
gas in interplanetary space and in the uppermost layers of the Earth's atmos-
phere. Special instruments were developed for this; three-eleotrodes charged-
partiole traps.

On the rooket launched 12 September 1959, four traps with various external-

grid potentials were set ups +15 v, =5 v and =10 v, Positive current could be
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caused only by ions, wherein their energy could be determined by comparison
. of the readings of all traps. If all traps simultaneously recorded negative
ourrent, this meant that it was caused by eleotron streams. In this case the
energy of each electron exceeded 200 ev because only those eleotrons could
pass through the decelerating potential applied to the internal grid of the
trap.
As a result of the measurements conducted on the three Soviet rockets
using traps, a great deal of experimental material was obtained., Only during
the flight of the Soviet roocket in September, 1959, there were about 12,000

trap—-current measurements transmitted back to Earth,

let us examine the fundamental scientific results of the investigations
using traps. PFigure 144 shows a graph of ion concentration versus the distanoce
from the Earth's surface in kilometers. Two fundamental oconclusione can be
made from this,

1) The Earth is surrounded by a very expansive and highly rarefied atmos-
phere of ionized gas. This atmosphere may be rightfully called the "Earth's
ocorona" or "geocorona". The ion concentration in the geocorona is on the order
of several hundred positively charged partiocles per cm3. For comparison let
us say that the ion conoentration of the Earth's atmosphere at an altitude of
300 km reaches 1 to 2 million per cm3. And the conoentration of molecules in
the atmosphere at the Earth's surface is expressed by a 20-digit number,

From the nature of the change in ion conoentration with distance from the
Earth's surface it may be oconscluded that the geocorona is composed of hydrogen,
The geoocorona can be deteoted up to a distance of 22,000 km from the Zarth's
surface. There is, however, reason to assume that the extent of the geocorona
varies, It may be a function of several things, chiefly of solar activity.

2) In interplanetary space at distances oxcceding 22,000 km from the

Sarth's surface, therc¢ was no measureable concentration of ionised gas. Henoe,
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Figure 144. Ion Conocentration Versus Distance.

assuming that the experiment were accurate, it may be conocluded that if there
is ionised gas in interplanetary space, its conocentration is surely lower than
100‘ions/om3. Acoording to existing cirocumstantial data based on analysis of
trap ourrents, the concentration of ionized interplanetary gas must be even
oonsiderably lower than this,

3) At distances from the Earth's suarface from 45 to 80 thousand km,

streams of eleotrons with energies exoeeding 200 ev and with current density

Nf~n108 partiocles per om®? per second were discovered. These strecams attest
to the existence of an ocutermost belt of charged particles surrounding the
Earth, particles of comparatively low energy and located beyond the radiation
belts,

Finally, magnetioc measurements oonducted on American space vehiocles indi-
cated that in the region of space where the outermost belt is located, there
existes a current which distorts the Earth's magnetic field., This ourrent is
apparently a drifting ourrent of electrons in the outermost belt, ocaused by

nonuniformity of the magnetioc field.
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Measurement of Magnetis Field Neer Jarth and Moon

A recording mnomster vith megnetically satureted pickups was installed
on the third Soviet satellite for gecmmgnetic msasuremsnts in and outside

ionosphere of the Earth, The operation of such a magastomster is desoribded
ia Chapter 2,

The magnetometer develeped for the third satellite (Fig. 145) insured
measurements of the earth field intensity with a high aceurscy, on any magnetic

latitude and with any orientation of satellite, und was fully autommtic,

P

Fig. 15, Magnetemster Installed on Third Satellite.

‘The magnetomster had also a special appliance which made it possible to obtaia
data on changing space orientation of the satellite (relative to the vestor
of mgnetic field), and on variestion in the nature of satellite revolution,
The measuring renge of the imstrumeat constituted 48,000, The performanse rate
of servosystem vas equal o 40 « 45°/sec; the msan sngle of sero poist
vas adbout 2°)per hour, The 3ero poiat of the magnetometer was determined
by ecmparison with proton magastometer, The maximmm value of magnetis deviatiea
amounted to approximately 3,000 Y, Measurements were comdustel om altitudes
of 250 « 750 km, i, e., in the regicm belov snd above the mximum of iosisatien
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of the 12 layer, Magnetic error, the period of which coincides with the satellite
preces- .on period, was fixed on recordings., If the satellite orientatioa is kmown,
e ma jor portiom of this error can be eliminated,

Magnetic investigations on the third Soviet satellite furnish s conv}nciu proof
for the presence of iomospheric sources wvhich cause variations assosiated
vith the earth field disturbance, Analysis of the obtained material indicates
the presence of short, fast changes in the earth field, coinoiding in time
with the passage of the satellits through the F, layer of ionosphere (Fig. 1A6).
At the same time, 20 cases of short (5 to 8 sec) negative and positive peaks
of the earth field variation wers detected. They can be considered due to space
inhomogeneities in jonospheris current systems of loscal charecter, intersected
by the satellite,

4%

Fig. 146, Charscteristio Recording of Short Earth Field Variatioa,

New data were obtained during the examination of constant magnetic earth field,
particularly vhen the satellite was flyiang above the Easter Siberian anomsly,
the so-called Asiatic maximum of intensity of the gecmsgnetic field. As it is
demonstrated by the analysis of obtained data, the magnitude of this anommly
attenmates vith the altitudes very slowly,

Basing on indications of two potentiometrie pieskups, charecterising
angular displacements of the satellite dedy, it is possible to odtain a numericel
value of the relative variation in the spece positioa of the satellite for eny momeat
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of tims. It follows from these data that the satellite vas perfoaming
. & precession motion witl the period of T=136 seoc, Apart from that, the satellite
was revolving around its own axis at the rate of 0.35°/ses. These results

are very important for the interpretation of imdications of other inssruments
installed on the satellite,

On the first and second satellites were performed magnetic measuremesnts

at distances of several terrestrial) redii, as well as in the enviroms of the Mesh.
These msasurements are highly imporsant for geophysical researches, particularly
for the experimentai verification of existing theories of magnetic storms

and aurora polaris,

Measurements on the first space rocket were conducted by means of a three-compoment
mgastometer with magrstically satureted pickups of even harmoaics (refer
to Chapter II), Gemsral view of such a pickup is shown in Fig. 147. The measuriag
( range on each pickup was equal to + 3000 'Y . The magnetometer's Arift from zero
414 not exceed 20\‘ in 24 hours of continuocus operation., The sensitivity of each
channsl of the magnetomster equalled 600 v, The total deviation from magnetic
ccmponents of the rosket 4id B0t surpess 70 and ves knowa for each piekup,

Fig. 147. Plokup of Magnetometer Installed onm First Space Rocket.

Fig. 148 shews the experimental curve for intemsity of the terrestrial
mgnetic field as a fumstion of distanse, as well as the theocretisal curve
of she dipole field,

T™he comparisoan of wasured and calculated field values shows that msesured walues
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differ substantially from calculated ones in the flight phase at 15 to 30 thousand km

from the earth center, The disagresmsnt between the trus field and the dipole field
equals 300 Y oven at the distance of atout 14,700 km, Here is observed an sbrupt
decrement in the terrestrial magnetic field with distanse, The differemce between
the trus field and that calculated from the earth potential attains its maximum
value at the distamce of 19 $o 20 thousand lm end equals 800 Y .

Pig. 148. Variation in Magnetic Rarth Field with Altitude,
1l « calsulated valuss; 2 - masured wvalues,

The result obtained has a great scientific significance, It permits to assert
that the mgnetic earth field at distamces of 3 to 4 terrestrial redii is determined
20t only by values caleulated from the magnetic earth potential, vt depemds also
oh external sources,

On the second spese rocket, launched to the Moon om 12 September 1959, were
installed more sensitive mgnetometers of the same type as oa the first rocket,
The seasitivity of magnetomsters comstituted 115 ‘Y/v of telemetrie systenm,

AS the same time, the measuriang reange vas reduced vhich caused the msasuremsnts
of the terrestrial magnetic field on the sesond spece rosket to start approximmtely
from the altitude of 18,000 Im from the earth center,
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Figure 149,

Values of magnetic terrestrial magnetic

field intensity obtained dr various methods:

1- measured values (1st coamic rocket ; 2~ measured values
(2nd cosmic rocket); 3 = computed values
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Magnetic measurements on the second cosmic rocket were carried out more fre-
quently, than on the first one, Reading of mgnetometers vas done every 3e
6 seconds, and shen periodically repeased within approximately one half ef a minuse,

On fig.1l49 are shown curves, obtained on the first and second cosuic rockets,
As already pointed out bDefore , the measurements on the second cosmic rocket revealed
instability of the outer part of the radiation zone: during Zlight on September 12 -
1959, its maximum vas situated closer to Barth, than during the time of flight on
Jamsary 2, 1959, Because of this the reduction in gecmagunetic field insensity during
masurensnts on the second cosmic rocket has not been detected, because the aatice
ipated magnetic effects were ia the 3one of the field, where the intemsity value
was beyond the limits of mgnetometer measurements, At present time there is a
greas Aiscussion going om between astrophysicisss and geophysicists regarding the
pature of radiation bands and the causes of magnetism of radiation belss,

The flight of the second cosmic rocke$s to the Nooa and the magnetic mesasuree
meats in direct uemw'fru the Mooa discovered no noticeable inecrease in mage
netic field intensity.Magnetograms, obtained from the mear-lumar section, vere
subjected to thorough statistical analysis . This allowed to make a eonclusion; that
if at the Moom would exist a magnstic field of more than 100 gammas, thea it would
have been detected, Consequently, it can be stated, that there is no magnetic field
at the Moon, which by its mgaitude would exesed the measuremeat errors, That is

vy efforts to explain certain geophysical phencmena by the effest of She luner
mgnetic field should aov be comnsidered as absolutely baseless,

.
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Investigation of Miorometeors

. To investigate meteoric particles on the third man-made Earth satellite
and on cosmic rookets was installed an apparatus, consisting of ballistio
Pieto-feelers (from ammorous phosphate) and amplifier-converter (see chapter

**2). General view of the apparatus is shown in Fig, 150, The apparatus '
; seoured the registration of the number of rarticle impacts, and registration

of their encrgy as well , energy measured by the pulse magnitude of the mat-

: erial of the sensing device, ejeocted during the explosion of a meteroite

particle on its surface:
. J = AE,, (4.21) .

See page /53 for Figure 150 )
¥ig.150, Apparatus for studying meteoric perticles , imnstalled on
—3hird satellite,

where L » "¢ jection * pulse; E, = kimetic energy of particles; A= proporsiomality

coefficiens,

—

If the average velocity of the particle is accepted in this ease at 40 km/see,
it is then poss/ble to determine the mass of the recorded parsicles,

On the third man-made Rarth satellise were set up collision feslers with total
area of 3410 cw?, including the body of the feeler. Distribusion of sigmals by ame
plitude was done by converting the sigmals from the amplifier part into a computiag
system of each amplitude range after a corresponding aceummlasion of a mumber of
impests.

On the first and second cosmic rockess were mounted foelers with general ares
of 0,2 o, and on the third ome = 0,1 =2,
The apparatus mounted ou the firss cosmic rockes was ealilrased fer registarsioa
of parsicles vith massess 1 = 2,5:10°7 « 1,5010°% g; IIel,5.10°8 - 2.10°7 g;
1z 201077 .
{ O second and shird sosmic Tockets Shere was o acewmlation of impacte,and
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Fig, 150, Apparatus for studying meteorio
particles, installed on third satellite,
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ots are listsed in table 34,

. each impact vas recorded separately, The apparatus installed on the secomd cosmie
recket vas ealilrased for recording particles with massess I » 2:10"9 « 6.109 T}
1T @ 602049 - 1.5020"8 g5 11y 1.5:.208 g, and on the third cosmic rocket:
210" - 3.20% gy IT = 34209 « 8eloed gy III = 8:20%9 g,
The measuremsat results frem she third maa-made Earth satellite and cosmic roskw

By examining the mentioned sable it is possible to arrive at se-taia comslue

1. Density of meteeric matter in the periphery of sthe Iarth is net sonstans -

1*“. in space.

2, Maximum number of recorded impacts belongs $0 particles vith masses ranging

from ( 3 + 8)10"7 to (2¢3)10°8 g and smaller.

These results shov that metecric and micremetecric damger is smll,

. TABLE 34
Results of measuring on the third man-made satellite and cosmic rockets
Cosmic unis Date Mass of partieles Number partiele jmpaets
fos Ve By F4rdamil
|
X ' 5,538 - $0-9—2,7.10-* 4—11
THIRD SATELLITE ”_:, 558 s - =4
19—20/5—58 < i
— S o= i
o US40 <10-¢
1209 2.104-8.10* <5-10-
. 3-10°¢ 5.10-¢
Second rocket . ;:?s"".w_,‘ 10 2' 0
j 10°—3-40-° 41074
Izu ] 31080 -2-16~9
T™aird rocket . 8.40-° 4-10-¢
tf\
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Biological investigations

On the second Soviet man-made Earth satellite was ocarried out a medical-
biolog experiment by studying the vitality of a living organism under condi=
tions of cosmic flight, one of the basic characteristics it is the state of

weightlessness,

-

Fig, 151, Frequenocy curve of cardio contractions of
dog Layka at various moments of flight,

&~ number of systoles per minutej; b= prior to blast
offs o= time satellite gets into orbit; d= orbital
flight,

For this purpose the satellite was provided with an airtight (pressurized)

cabin ococupied by an experimental dog - Layka. The cabin was furnished with

devices to reproguoe conditions necessary for normal existence of an animal

B S " NV

during lasting flight, a8 well as equipment Tor recording its physiologiocal
funotions (see Chapter 2),

The data obtained as result of this experiment are of greater scientific
value, Of great interest are data on the behavior and condition of the animal
on the orbiting section of the satellite, the characteristic of which is the

presenoe of large overloads, as well as vibrations and noise from the operating

v

rocket power plant, The behavior and condition of the animal when the satellite
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oame into orbit were registered quite fully,

On the basis of information obtained over radio telemetering system it
can be established, that up to a define overload magnitude the animal resisted
the inorease in apparent bodily waight and maintained freedom of movement of
head and trunk, Then it appeared to be pressed against the floor of the
cabin and some cf its noticeable movements have not been recorded, The fre-
quency of the systoles immediately after blast-off inocreased in comparison
with the initial one by 3 times (fig, 151), However an analysis of cardio
biocurrents recording (electrocardiogram) indicates the dbsehoe of any ill
effeots (fig. 152), There was a typical chart of more frequent palpitation
of the heart, a so-called sinusal tachycardia,

DOOOOOOO00000000000000000000

I Y WY O G Y W

Mg, 152, Eleotroocardiogram recording of dog Layka in state
of weightlessness, obtained on the mecond satellite,

Toward the end of the orriting, in spite of inorease in overload, the
frequency of cardio palpitation began decreasing, The respiration frequency
of the animal on the orbiting section was 3-4 times greater than the initial
one, As the apparent weight of the animal inocreased the respiratory movement
of the thorax became diffiocult, as result of which its respiration became
more superfiocial and frequent,

There are bases to assume, that the indicated ohanges in the state of
physiological funoctions of the animal are connected with the sudden action
against the organism of sufficiently strong: gputer stimuli - overloads, noises,

vibrations, Analysis of obtained data and their comparison witih results of
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preceding laboratory experimentations allow to state that the flight along
the orbiting seotion was endured by the animal with satisfaction,

After the satellite reached orbit the state of weightlessness took place,
The body of the animal under theese conditions during contraction of extrimity
muscles rolled away easily from the flow of the cabin., Judging by the avail=-
able recordings, these movements were of short duration and smooth, The
respiration frequency began dropping, The cardio systoles subsequently began
decreasing, coming down to initial magnitude, But the time, within the heart
palpitation became normalized, was approximately three times greater, *han
during laboratory experiments, at which the animal was subjected to the
effect of such accelerations, as during orbiting, In all hrdbability this
is explained by the influence of the weightlessness state, at whioh sensi-
tive nermous formations, signalling the position of the body in space, have
not experienced sufficient influence of external stimuli, which in turn led
to a change in functional state of the nervous system and established a
certain extensior in the period of frequency normalization in heart palpita-
tion and respiration,

Analysis of the electrocardiogram taken in state of weightlessness, im-
mediately after the satellite began orbiting, revealed certain changes in

the configuration of its elements and the continuance of individua’ intervals,

" But these changes were of no pathologiocal nature and were connected with the

increased funoctional load during the perind, preceding the state of weight-~
lessness, The picture of the ECG (eleotrocardiogram) reflected timely nervous~
reflector displacements in the regulation of ocardio activity. Next was ov-
served a greater approach of ECG to the one, whioh is characteristic for the
initial state of the animal, The motorial activity of the animal, in spite

of the unusual state of weightlessness, was moderate,
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Normalization of funoctional characteristics of blood circulation and
respiration under weightlessness conditions attests most obviously that this
faoct in itself caused no essential and permanent changes in the state of
physiologiocal functions of the animal, No definite opinion regarding the
effect of cosmic radiation on the experimental animal ocould be made, No
physiological effect of its action has been directly discovered,

The biological experimentation results obtained on the seocond satellite
and on ships-satellites show beyond any doubt that cosmic flight conditions
are endured hy the animal with satisfaotion1.

The experimentation result positive in thi- cﬁse makes provisions for
ocontinuing and expanding the investigations, with the purpose of creating

conditions, safe for the health and 1ife of humans in ocosmie flight,

1. About flights of animals on ships-satellites see Chapters VI and VII,
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. Mrst Photos of the Reverse Side of the Moon

The period of rotation of the Moon around its axis coincides with its
period of rotation sround the Earth, and that is why the Moon is turned to
the Earth always with one and the same 4ide, The presence of so=-called lunar
librations, i,e, periodic esc¢illations of the lloon about its center, visible
for ground observer, made ét possible to investigate and plot on charts

59% of its surface,

0
Pizure 153, Photo of reverse siic of the '‘oon obtained from
board the AIS (automatic interplanetary station)
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Fig.154,Fhoto of the reverse side of the Moon taken from board of the
—ALS

Some lunar formations are situsted along the very edge of the visible disk,whereby

a part of them is visible only during corresponding librations of the Moon, All
these marginal zones are visible with greater distortions, caused bv perspective,
The chosen time for photographing allowed the AIS to obtain photos of a larger
pert of the lubar surface invisible from Earth and of a small part with already
known formetions (£ig.153-155). Turned to the station was the lunar disk almost
fully illuminated by the Sun, Under such conditions of illuminating the lunmar
surface its formations do not produee shadows and some details appears to be less

noticeable,
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The presence on photos of & part of lunar area visible from the Earth made it
possible to tie down never befcre visible objects situated on the reverse side of
Moon, to already known ones and thus determine their selenographic coordinates,
On the photo the boundary between visible and invisible (from the Rarth) part of
the Moon is designated by dotted line, Among the objects photographed from beard
AIS and visible from the Barth we have the Humboldt Sea , Ses (Mare) of Crises,
Marginal Sea, Smith Sea, part of the southern Sea etc,

These seas, situated along the very edge of the Moon, are still visible
during ground observations, and appsar to us as result of perspective distortioa
as narrov and loang, and their true form has not been determined until now, On
photos, obtained from board the AIS, these seas are situated far from the visible
odge of the Moon and their form is slightly distorted by perspective,

A8 results of preliminary investigetion of available photos it can be men-
tioned, that on the invisible part of the lunar surface are predominant .
mountainous regions, while seas, similar to seas of the visible part,there are
very fow, Vividly expressed are crater sess, lying in the southern and near-equa-
torial regions,

Of the seas, situated close to the edge of the visible part, on the photos
are clearly distinguished almost without distcrtions the Humboldt sea, Marginal
Sea, Smith's Sea and Southern Sea., It was found that the southern Sea in
a considerable part is situated on the reverse side of the Mocn, whemeby its
boundsries have an irregular winding form,

Suith's Sea in comperison with the Southern Sea has a much rcunder shape with
a mountainous range cutting in into its southern tip., Smith's Sea in a largs pars
spreads also on the reverse side of the Moon, The Marginal Sea has an elongated

form with a depression opposite the Sea of Crises, Jist as the Smith Sea it is
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extended on the reverse side of the Moon, The HumboldtSea has the peculiar shape of
& peay,

The entire region adjoiniag the western fringes of the reverse side of the
Moon, has a reflectivity, intermediete between the mountaincus regions and “he seas,
By its reflectivity it is analogous vith the area of the Mook, situsted betweea the
craters Tysho, Petavius and the Nectar Ses.

To the south - scutheeast from the Humboldt Sea on the boundary of the mentioned
region stretches a chain of mountains of total length of more than 2000 km, cross-
ing the equator and extending into the southern hemisphere . Beyond the mountain
range extends, evidently, the coatinental peak with increased reflectivity,

In the region situated between 20 and 30° northern latitude and 140 and 160°
western longitude is situated the Crater Ses with a diesmster of about 300 km, In
the southern end this sea is ended vith s gulf, In the southern hemisphere, in the
region with coordinates latitude - 30° and longitude ¢ 130°, is situated a larger
orater with a diameter of more than 160 km with dark bottom and btright ceatral ikmoll
surrounded by a luminous wide terrace,

To the east from above mentiocned renge, in the region of + 30° northern latitude,
is situated a group of four craters of medium dimension; the largest one of that
group has a dismeter of about 70 km. To the south-west from that group, in she region
with coordimates latitude ¢ 10° and longitude + 110°, there is a separately situated
round orater., In the southern hemisphere along the westera odge are two regioms
with sbharply reduced reflectivity,

Turthkermore, the photos show individual regions with slightly increased and
reduced reflectivity and numerous smmll details,
7ig.156 shows a chart of the reverse side of the Moon,

Investigating the operation of solar batteries,
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lelarger crater sea diameter 300 km « Moscow Sea; 2~Gulf of Astromauts in Moscow
See; 3~ continuasion of Southera Sea on reverse side of Moom; 4~ Tsiolkevskiy
orster; S~ Lomonesov crater; 6= JolioteCurie crater; 7- mounsain ridge Sovetskiy;
8- Dream (Mechta) Sea., Unbroken line - lunar equator, dotted lime - boundary of
visible fucm the Barsh seetions of the Moom; Roman numbers desigmate objests of
visidble pars of the Joom: I « Humboltd 8Sea; II-Sea of Crises; III -~ Marginel Sea;
IV « Ses of Vaves; V « Snith Sea; VI « Fertility Sea; VII « Southern Sea.

As was stated before, on the third Sovies satellite and autametic interplanetery
station for supplying power to the equipment, together with chemical curreat
sourees, were also used semiconductor (silicon) solar betteries. The installatioa

of same appeared to be the firss effort of employing solar batteries on msn-made
satellites and cosmic rockets under conditions of cosmic space,
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The problem concerning the possibility of using solar batderies under conditions
of commic flight has a number of vague moments, which can be solved only by conduct~—
ing direct experiments, Such moments first of all include the teaperature condition
of the solar battery, accurate caloulation of which is extremely difficuls, as well
&8 the effect of meteoric erosion on the psrformance of silicon converter,

Operational data of sensing elemenss, mounted on the third md-made satellise
of the Earth and o the AIS, enabled %0 obsain informatiom about the temperature
of solar battery. The average temperature of silicom converters varied botweoen
16 and 30° C. Taking into consideration the very small thermal ooatact between
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sensing elemsns and body , it is possidble on the dasis of already availadle data
to confirm, that as a [roperly executed sonstruction there should bde no fear of
failuse of pheto converters as result of overheating,

Msasuremcnt date, allowing to evaluate meteoric erosion, sttest to the fact
that the rubbing off of coativgs, protectiamg the surface of solar batteries, is a
"slow process and els~ cannot be the cause for failure of the batteries. FPreliminary
conclusions ean also be mede regarding the effect of cosmic radiation. The opera-
tion of ﬂdio transmitter "MAYAK * through a period of many months coafirms, that
cosmic radiatioms, most likely, do not present greater danger for solar batteries,

The uninterrupted operatioa of °*MAYAK®" allows t0 make an important conclusion
of the facs, that on Rarth satellites it is already now suitable to use solar bate~
Series of greater capacitances. Experience has shown, that such batteries are suite
able not only for oriensed, but in many eases also for none-crieated Earth satel-
lites,

Positive experimental results on direct conversion of solar energy into elec=
trical bdeyond the terrestrial atmosphere , experimenss carried ocut on larger scale
on the third Soviet Earth satellite and on the AIS, are of exclusive importanmse in
solving problems of securing the work of scientific and measuring devices of satellites
and cosmic rockets for a periocd of practically unlimised time interval,
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Chapter V, First ight to the Venus

On February 12, 1961 the USSR launched an AIS toward the planet Venus,

The weight of the AIS exactly 643.5 kg. The lifting of same into interplane-
tary trajectory was realized with the aid of a guided cosmic rocket, which took
off from the heavy man-made Earth satellite,

As was found from measurements carried out after the blast off, the traj-

ectory of motion of the station was close to the calculated one, Moving along
that trajectory, the AIS reached the region of the Venus in the second of the
month of May 1961, Minimum distance of station from the Venus was less than

100 thousand km having covered a distance of 270 million km, which proves the
high accuracy of guiding it along the trajectory.

By launching the AIS toward the planet Venus was established the first
interplanetary road,

Equipment of AIS, The automatic interplanetary station (AIS), represents

a cosmic apparatus, provided with a complex of radio technical and scientific

devices, orientation and control system, programming instruments, temperature

control system, electric power sources (fig., 157)

Structurally the AIS was made in form of an airtight body, consistiag of a '
oylindrical part with two bottoms, In the body on an instrument frame was
mounted the equipment and chemical battery units, On the outside of the body

were situated part of the sensing elements of the scientific apparatus, two
panels with solar batteries, louvers of the temperature control system and
elements of the orientation system,

To one of the solar battery panels is fastened the block of thermal feelers

to study the changes in optical coefficients of various coatings under ocondi-
tions of longer stay in intorplanetary space, On the outside of station body

are also mounted four antennas, One of these - pencil beam antenna ~ has the

shape of & paraboloid with a diameter of about 2 m and in intended for communi~
cation with interplanetary station at greater distamces from the Earth and trans-

mission of greater volume of information within a short time interval,
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Two orusiform antennas, mounted on the solar battery panel, have a small
radiation pattern and are intended for communication at medium distances from
the Earth,

Omnidirectiohal antenna « 2,4 m long rod ~ intended for transmission of inferm-
tiem and determining trajectory parameters at the section near the Earth,

Maximus dimensiens of the statiea (withous consideration of antennas and
solar batteries) in leagth ~ 2035 mm and in diameter ~ 1050 mm,

The solar bdbattery panel and rod antenna prior to break away of station from
the comaic rosket are folded up and open immediately after its separatiuvn,

The construction of the stasion secures the maintenanee in the hermetie
(airsight) body of inisial gas pressure ef about 900 mm Hg for the time of the
entire flight,

. The louvers of the temperature coatrol system, mounted on the cylinmdrical
pars of the bedy, turn, open aand close the radiatioa surface, correspondingly
rajsing or lowering the transfor of heas, liberated during the operation of the
ogquipment carried oa beard she AIS, The operation of louvers and fans, inssalled ia
the intericr of the bedy, is controlled with she aid of an sutoncmous programming
arrangemeat aad system of temperature feelers, situated at poinss, subjected %o
mximum overheating or supercooling, In this way is solved the problem of providing
normal Semperature for the station equipment ever the entire flight trajectery,
during its trip from the Barth $o the Vemus, when the stationa comes closs $0 the
Sus at a distanee of 110 nillion km, 1.0, vher the power of solar rediation rises

by more than double,
Two solar battery panels, sonstantly oriented soward she Sun, secure com$ime

uous charging of the chemical current sourees,
The redietechaical installation of the AIS solves the following prodlems:
measures the movemsnt peramsters of the station relative to the Barth;
transaits to Barth msasurement results, of measuremeats carried out by the
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. scientific imstrumenss carried on board the ssation;
transmitting to Burth informatioam adbout the operation of board instruments,
pressures snd temperatures within the statiom ani on its bdody;
reception of Rarth redio commnds pertainiag to control of tho operasion of
the equipment oa board the stasioa,

Figel57, Ausomatic interplanetary statiom
8

$top - forward view; below « rear view,

The operatios of the equipmeat earried on board the station was econtrolled by
the transmission of commmnds over the redio lime from ground points, and by autone
onous progremming devices on board the statiea, .

The orientation system of the AIS solves during flight along the trajecsory
the following problems:

elinination of amy arditrary rosotion of the station, obtained during bwesk
away from the rockes, blasted off from a heavy man-spwmde Earth sateilite;

sesures $%he seeking of the Sun from any position of the statiom and reciizing
station stabilisation;

securing near the Venus orientation cf the Dpencil beam (parabdolic) antenca
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facing the Barth for the obtainment of much higher rate of transmission of sei-
entific infermation end data about the cperation of $he airberne equiymens back to
Barth,
The AIS is equipped with a complex of scientific devices for carryiag out

rhysiocal measurements in cosmic space:

to study cosmic rays;

to measure magnetic fields in the range of several ganme urits o
several tens of ganmas;

to measure charged particles of interplanesary gas and corpuscular
streams of the Sun;

to register licré.toorl.

On board the AIS is placed a banner with state emblem of $he USSR, The banner
represents a model of the Earth and is made structurally in forz of a hollow sphere
with a diameter of 7- mm made of titanium alloy. On the ocuter surface ef the sphere
is plotted an image of continensal outlines., The surfaces of seas and 0ceans are
painted in blue color, and the surface of continents - golden~yellow,

VWithin the spherical beanner is placed a monumsntal medal with an image of
the state emblem of *he USSR, On the reverse side of the medal in the center is
depicted a plan of sthe solar system vith ordits of Mercury, Vemus, Earth and Mars,
and the inscription along the edges * USSR 1961°,

The mutual disposition of plamets eorrespond $0 the mement whem the AIS
dravs closer to the Venus,

The spherical banner is ph.c'od in a special protective envelope, the ocuter
surface of which is formed by pentagonal elemeats of stainless steel with image of
state eablem snd inscription °*Earth ~ Venus, 1961 °,
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Flight of Interplanstary Statioa Teward Venus

To carry out the flight te Venus it was necessary to select the flight trajec-
tory, staisfying a number of conditions., If the date of rocket take-off and the
date the AIS will aproach tbe Venus are " mentioned, then the orbit of the
AIS in the solar system, beyong the sphere of action of the Earth, is determined
unilaterally, The AIS, getting away from the terrestrial sphere of sctiom , should
acquire a veloeity, fully determined in magnitude, and in direction as well, The
blast off and approach dates are selected so that the necessary escape velocity of
the AIS from the terrestrial sphere of action would be possidly lmr. The veloce
ity mgnitude, which the carrier-rocket should impart to the AIS along the acocele
sration stretch, will also be at minimum,

Of great importance is the method of accelerating the AIS by the carriere
rocket, At uninterrupted operation of all the rocket stages the weight of the use-
ful load depends not ouly upon the wvelocity magnitude , which the AIS must acquire
at the end of the acceleration section , but also upon the angle of inclimation of
the velocity relative to the herizon, At greater angles of inclination the terres.
trial force of gravitation hinders acceleration, in connection with which it is
possidble that the weight of the useful locad of the rocket decreases, So that the
AIS should approach the aphere of action of the Earth, baving a velocity in neoc-
essary direction, during continuous acceleration it may become nscessery st the
end of the acceleration section to acquire & velocity steerly inclinmed toward she
horison,

This can be avoided, if the method of sccelerating and intermediase ordising
of the " satellise, is applied. The satellite, carrying a cosmic rocket on
board, is 1lifted by @ carrier-rocket into circular ordit with miaisum losses.

Acceleration of the commic rocket, taking off from board the satellise, is dobde
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in almost horizontal direction, Having properly selected the orbital plane of the
satellite, place and time of blasting off the rocket from the satellite, it is
possible to secure the escape of the AIS from the sphere of action ia necessary
direction,

Teke off frem board the satellite can be best realized by launching cosasde
devices not only to the Venus, but also along the most variegated cosmic pathe,

As already stated , the dates of blazt off and approach to Venus are selected
80, that the velocity magnitude of AIS's escape from the terrestrial sphere of ace
tion was possibly lower. This determines a number of ranges of take-off and approach
dates, suiteble from the viewpoint of rocket power, The acceptable intervals of
take-~off dates constitule 1 ~ 2 months and are repeated periodically approximately
every 19 months, Of of such intervals is due at the end of 1960 - beginning of 1961,
This interval was used far the launching of February 12,

From the serrestrial sphere of action the AIS escapes ob an elliptical orbis
of periodiocal motion around the Sun, For various energetically suitable trajecteries
the time of flight up to approaching the Yenus can be quite different, There is &
flight trajectory over which the encounter between AIS and the Venus ocours during
the first balf of AIS rotation arcund the Sun, during the second half of rotatien
and s0 om,

Tor the blast off of February 12 was selected a trajectory, at which the
ensocunter takes place during the first half of the rotatiom, At different kinds of
e joctories the flying tims increases considerably and the deviatioms of the AIS
as Venus do increase, all this depends upon the errors at the end of the acceleratioa
section, In additioa othe distance from Barth to Venus at the moment the AIS
approacshes Vemmas for these trajectories, as a rule, is considerably greater, than
the trajectery with sncoumter during the first half of the tura,
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To secure the passing of the AIS in immediate vicinity of the planst,the 1ifting
of the AIS into trejectory must be realized with greater accuracy, Errors in the
velocity magnitude by 1 = 3 m/sec and errars in heading of velosity by 0.1 - 0,3°
vesult ir changs in minioum distance between AIS and Venus by 100000 km, Such a
deviation magnisude is also produced by & one minmtes errer ia the time of recket
starsing,

pPeviations in the trajectory of the AIS from the Venms may also take Dlase
as resuli of the fact that the position of Venus is known only with specific ace
curacy. The basic source of these errors is the insufficient, for the given purpese,
aceuracy of measuring the astronomical unit (mean distance from Eerth to Sun),
determining the scale of the solar system ,

At sufficiensly aceurate AIS trajectory msasurements over a larger part eof
the flight the sstronomical unit can be defined more closely.

For the launching of an h:s to Venus with the aid of ¢ miltistage rocket was
first orbdited a heavy mannamde Earth satellise, The satellite travelled in orbdis,
close to circula», = wvith ninimum distance from censer of the Rarth of 6601 km,
maxisum distance from center of the Marth of 6658 km and 65° inelimatioca of She
ordbit tovard the eguater,

The sosmic rocket was blasted off from board the satellite in a precalculated
point of the orbis, When the flight velocity of this reckes$ relative to the Earth
became greater than the secomd cosmic velecisy (escape velooity) by 661 m/sec the
rocket escaped intso a precalculated point in space, the power plant of the rocket
was shut off, and from it Wwoke away the AIS, Its free flight along a trajestery
toward Venus has bdegua.

Thus was realized the first launching of a guided unit from board a manemade
Iarth satellite along an interplanetary path,
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Further travel of the AIS is under the effect of gravitatiomal fcrces of the
BEarth, Sun and plansts,

VWithia the $¢"rrestrial sphere ef action the AIS moved over a curve, close to
& hyperdola, situated in plame , passing through the centver of the Barth and une
alternadbly . - oriented relative to the stars, This plane is clese %0 the
plane, in which the satellite moved,

As the AIS got away farbher and farther its velocity with respect to Darth
decreased gradually. The AIS reached the boundary of the serrestrial sphere of ace
tion on February li, 2300 hrs Moscow time end had then a velocity of about 4 km/sec
relative to she Marsh,

Tho velosity of the AIS relative to she Sun , which is obtaimed by adding
the velocity vector of the Earth relative to the Sun and the velocity vector of
AIS relative to Barth, at the moment of escapiang from the Serrestrial sphere of ace
tiom egealled 27.7km/sec

After this the movement of the AIS followed over an elliptical orbdis with
focus in the center of the Sun, This orbit has:

maximum distance from the Sua (distance in aphelien) - 151 million km

minimum distence from the Sun (distanee in perihelion) « 106 milliom km,

inclination to the plame of the ecliptic (i.e. to the plane of the Barth!~
arbit - 0,5°%

Planes of motion of REarth, Venus and AIS we slightly inclined to each other,

On £ig.158 is shown the movement of the AIS, Earth and Venus in projectioa on
the plane of the Earth's ordis, The simultanecus positions of Barsh, Venus amd AIS
are connected by straight lines, At the beginning of iss movement ard und she Sun
the rocket lagged dehind the Barth., Not long from the spring equinox the Sum, AIS
and the Iarth were appreximately on one straight line. The rockes shen took ever
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the Earth in an aagular movement around the Sun. The distance from Earth to AIS
during its entire flight toward Venus rose continucusly and at¢ the moment of

approach it reached 70 million im,
The eagle between directioms from the center of the Sun to Zarth at the momens
of take off and to the Venus at the moment of appresching it was 120°,The tims of

travel of the AIS up to the point of approeching Venus was not mich over 3 moaths,

Tte approach $0 Venms $0ok place om 19«20 of the menth of May 1961,

See page 174a for Figure 158

Fig.158, Movement of AIS relative to Sun (in projection on the

b
l=position of Barth at moment$ AIS approached Venmus; 2-position of Earth at momens

of blast off; 3« lime of AIS orbit angles; 4= position of Venus at mement of AIS
approach; 5= position of Venmus ut the momens of blast off; 6~ Sun; 7-orbdis of Venusg

S8«orbit of Rarth; 9= direction into poins of spring equinox,
Venus, just like the Earth, has a sphere of actioa (redius 600000 km), Within

that sphere the influence of Venus on the Movement of AIS was predominat over the

inflneagce of the Sun,
Movement relative o Venus withia its sphere of action followed along a traject-

ory, close to & hyperbola, with focus in the center of Venus,
Calculation of the ordit in accordance with obtained measureisut dats showed,
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Fig, 158, Movement of AIS relative to Sun
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that minioum distance from the AIS to Venus was less than 100000 km,

If the interplanesary station would be a bright poins, then it would be possible
from the grousd to observe the movemens of the station on the background ef sta-
tiomary stars, Its path over the celestial sphere (firmament) is shown on the astral
chars (£ig.159)e

See page 175a for Figure 159

Lo

7ig.159,Visible movement of AIS (Unbwoken line) and Vemus (dotted line)
over the celestial sphere (firmament), Numbers designate position of AIS and
Vemus within each 24 hours of flight. Along the vertical axis are indicated
deviations ( in degrees). over the horizontal = directs assent (in hrs,)

At the beginniag of the movemsnt the displacement of the station relative to
sters was rapid, After leaving tne terrestrial sphere of action the station was in
the region of the firmement situated on the boundary of Cetus and Iisees constella-
tioms, in the center of a triangle, made up of beta Aries, alpha Pegasus and besa
Cetus stars, By this $ime the ungular displacements of the AIS over the firmament
were already much slower, Along this section the AIS travelled relative to the
Earsh approxzimmtely along a redius, .

Next the movement of the AIS over the celestiel sphere, a3 .: evident frem
the chart, became similar to the movement of planets. To the begiuning of Ajxil the

AIS wvas in the Pisces constellation, moving at so=called retrograde motion, The point
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Figure 159 - Visible movement of AIS and Venus
over the celestial sphere
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where the retrograde motion chenges into straight, bears the name of standing
poins, Direct movements amomg stars continued up to the poins when 'tln statien
appreached Venus, which took plage not far from the epsilon Pisees stur,

Venus at the moment of AIS take off was in the Pisees constellation,moving
among the constellations in a direct movement, The direct movement has sloved dowmm
gredually, and toward the Emd of Mareh VYenus came into standstill,

After the standstill began the retregrade movement of Venus, which lasted to
the beginning of May 1961, then it changed into direcs movement, On this sectioa
of direct movemens of the Venus came about the approach with the AIS,

In table 35 are given rounded off values of distances between AIS and the Earth,
Venus and the Sun and values of direct ascent angles within each 10 diuraal periods
after the stars.

Table 35, Distance of AIS from Barth, Venus and Sun

No.of Date (sero hrs | Distange of AIS| Dist.of AIS| Dist.of AIS| Dir.Asceas| In-
poins |universal from Eamth,mile | from Vemus® | from Sua of AIS ia | clia-
on drav-| time) lion kme mill.km mill.km hre(h) & | atiom
ing. min (m)  of
L ALS
1 Febre 3.4 74 145 ougrm | 1,00
2 Max 8,9 - 60 142 Oh22m P ~1,5°
3 Mar 1 48 . 138 ' oMem | 2 0°
4 ar 15 36 134 Onrfom | 2 28¢
5 A 2t 27 120 0808 | .3 28°
6 Apr ) 29 424 0Mom | g 250
7 Apr 1] 13 119 O™ | o0,0°
8 May hd 7.5 18 o™ | 3,0°
9 oy od 3.4 111 .t‘):::: 3
10 My » less than O ¥ H

Msasuring=Control Outfitting of AIS
To control the AIS, establish its ardiss and $womway communication with the
AIS vas constructed an awtomated radiotechnical metering arrangement.
The entire flight trajectory can de btroken down conditionally into three
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sectionss section of flight of the heavy man-made Earth satellite; section where

cosmic rocket starts from board the satellite and section through which the AIS

moves under the effect of gravitational forces in direction to Venuse
Measuring the trajectory elemente of the heavy man-made satellite was realized

by special meens , situated on the territery of the USSR, Data about the performance

of units and components of the satellite were picked up by radio telemetering stations
set up over the terrisery of our country, and by special ships stationed in the occeans,

The launching of the cosmic roockss from the heavy satellite was controlled by
telemotering systems,

After separation of the AIS was activated a msasuriag set of the near ground
section, insended for carrying ocut orbistal and telemetering measurements. At each
measuring poins of the near ground section were set up radiotechnical transmitting

( and receiving-recording devices, parabolic antennas with program vectoring ine
struments,

Determination of actual trajestory when the AIS was remeved from the Earth at
a distance of 100000 k» was realized by radiotechnical means of the Long Distance
Commic Radio Commnication Center, This center also picked up the telemetering in-
formatioa and controlled the equipment of the station, Over the coomand redio line
were counscted and disconnested the corresponding AIS instruments.

The operation of all media of the AIS was carried out in accordance with a
special program, vhich determines the duration of the communication seances, their
periodicity and cperational comditions of the imstallation,

To pick up radio signal at greater distances narrov band lowenoise receiver
units were used, T™his calls for sufficiently acocurate calsulation of the values of
received an emitted frequemcies with consideration of the Doppler effees. To main~

-~ tain constant frequeasy at the input of narrev band receiver filsers, of receivers
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situated on the interplanetary * and at the metering point a prognosticasing
Doppler correctiem was introduced into the emitting and receiving frequensy.

At points of the Long Runge Cosmic Radio Cemmmmnjication Center larger antenna
installations were construsted, allowing to piek up radio sigaals from sowrces,
removed at huge distances from the Earth,

The antenna can be vectores into any given point of the celestial sphere with an

aocuracy of up to several anguler minutes, Vectoring programs are auscmmtically

-introduced into an electronic computer, which céntrols the ansenna,

All measurement data are transmitted over an automatic line into a coordimating-
computing ceater, where the trajectory measurements are presessed with the aid of
high speed elestronias computers, forecasts are made regarding she movemenss of the
AIS and antenna vectoring programs are calculated. The coordinating-computing center
supervises all the ground metering serviees in accordance with a set up progrem,
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Chapter VI, Soviet Cosmic Ships-Satellites
First Sovie: ship-satellite

On May 15, 1960 the USSR sent up into orbit a man-made Earth satellite
of the first cosmic ship, The launching was ocarried out for the purpose
of finiShing and testing the basic systems of a cosmic ship, guaranteeing
its flight and return to Earth,

Total weight of ship-satellite after separation of last stage of carrier-
rocket was 4540 kg, The ship satellite had a pressurized cabin with load,
imitating the weight of a man, and equipment, necessary for man=flight into
cosmioc space, Weight of cabin (capsule) was 2,5 tons,

The ship-satellite was equipped with necessary board devices, total
weight of which, together with power sources, was exactly 1477 kg. The
equipment consisted of the following:

orientation system, securing speoific position of ship during orbital
flight;

braking power system, intended for decelerating the movement of the
ship for the purpose of its change over at the given moment onto descending
trajectory;

radiotechnical and radio electronic equipment, intended for measuring
the orbit of the ship, controlling the dperation of instruments carried on
board ship, transmission to Earth of telemetering information and realizing
commnication rith ships

temperature and air conditioning control systems and many other systems,
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Power for the ejquipment on board the ship was supplied from chemical cur-
rent sourees and from a solar battery, automatically oriented toward the Sun,
The radio transmitter "SIGNAL" mounted on the ship-satellite operated

on & frequenoy of 19,995 moc in telegraph and telephone oconditions,

The ship-satellite with the aid of a powerful ocarrier-rocket was lifted

Ainto given orbit, close to circular,

The initial value of orbital perigee altitude was 312 km, and the alti-
tude of apogee -~ 369 km, The initial period of ships' round trip in orbit
was 91.2 min, at a 65° orbital inolination,

After being lifted into orbit the ship-satellite was separated from the
last stage of the carrier—rocket, The last stage moved in orbit, close to
the orbit of the ship-satellite,

During the flight of the ship-satellite the ground measuring points,
situated over the territory of the USSR, carried out systematic observations
and reception of scientific information about the operation of the devices
and equipment of the ship, After completion of the investigation program
the ship-satellite was to begin its descent with separation of the pres-
surigzed cabin from it, No provisions were made for the return of the ocabin
back to earth, After studying the flight conditions in cosmic space, check-
ing the funotional reliability of the experimental cabin and separation of
same from the ship-satellite, the cabin, as well as the ship-satellite,
should cease their existence when entering the dense layers of the atmosphere
along the descending trajectory,

In oconformity with the flight program on May 19, at 2 hrs 15 min, Moscow
time a command was sent up for the descent of the ship-satellite namely dy

conneoting the braking power plant and separation of the pressurised cabin,
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The decelerating power plant funotioned normally. At the time of its
operation was carried out the intended stabilization of the ship-satellite,
Separation of the cabin from the ship took place at the specific moment of
time, Normal operationcof cabin stabilizing system has been recorded,

However as result of failure of one of the instruments of the orienta-
tion system which took place at that time, the direction of the braking.
pulse became deflected from the calculated one, In consequence instead of
deoelerutin& the ship there was a certain inorease in velocity and the ship-
safellite ochanges onto & new elliptiocal orbit, situated practically in the
previous plane, but having a much higher apogee, The perigee of the orbit
became equa 307 km, and the apogee — 690 km, The round trip period in
orbit rose to 94.25 min,

The last stage of the carrier~rocket continued to move over the previous
orbit. On July 17, 1960, during the 1019th round trip about the Barth it
entered the dense layers of the atmosphers and ceased to exist,

Observation of the ship-satellite and reception of information from it
after its transfer onto a new trajectory ocontinued,

As result of the first launching of the ship-satellite were obtained
important datas

tested was the take off and flight acocording to given program of a
powerful oarrier-rocket, which secured orbiting of cosmic ship with high
a0CUTACY§

In the process of flying was carried out reliable control of the ship-
satellite and its orientationg

during the entire flight the air—-conditioning and temperature control
systems funotioned normallys

the radio means of the ship-satellite, intended for transmission of com=
mands to the ship, for controlling its orbit and transmission of telemstering
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information carried out their mission successfully;

the auto-orientation of the solar dbattery on the cosmic ship was checked
for the first timey

comrunication with ship-satellite in telegraph style was normal, In
telephone style, when realising relay of ground station transmissions through
the equipment of the ship-satellite, there was too muoh noise interference

with greater distortions,

The launching of the first Soviet ship-satellite wes the beginning of

a greater and more complex operation on the creation of reliable cosmic

ships, intended for man=flight.

-
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Second Soviet Ship-Satellite
. On August 19, 1960 the USSR launched a seoond cosmic ship into oridt of
Earth satellite,
The weight of the ship-satellite minus last stage of oarrior;rookoi was
4600 kg,
The hhip was lifted into orbit, close to ciroular, with a perigee of
306 km and apogee of 339 km, The initial period of ship's rotation was 90,7

min,, inclination of orbit to plane of equator - 64°57',

The basic problem of launching the ship-satellite was further develop-

ment of systems, guaranting the life activity of a person, as well she safety

i
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of his flight and return to Earth, During the flight were carried out numer-
ous medical=biological experiments and reclization of a program of scientific
investigations of cosmic space,
L\ To realisze flight of a cosmic ship=satellite with living matter on board
» and safe return of same to Zarth it was necessary to solve a series of com-
plex sciontific.and technical problems, securing:

controlled flight of ship and its descent tc Earth with greater accuraoy
at fixed point;

conditions for normal active life of living substances in cosmic flightj

reliable radio - and TV communication with cosmic ship.

All these problems have heen solved successfully, Having completed the
orbital flight, the cosmic ship together with its passengers ; dogs Byelka
and Strelka and other living substances have safely returned to Earth,

This historical achievement drew Qlosor the time for direct conquering by

man of the near solar space,
Faultless operation of all systems, guaranteeing the orbiting of the cosmic
eship, as well as high struotural data of a powerfull carrier-rocket enabled to

=

Teach an o£h5it, practically no different from the caloculated,
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Arrangement of ship-satellite

The cosmic ship-satellite consisted of two basic components: oabin of
ship and instrument section, In the cabin were situated:

apparatus securing active life of animals in flight;

equipment for biological experiments;

part of equipment for scientific investigations (photoemulsion units
and radiometer);

part of equipment of orientation system;

devices for recording the characteristics of the cabin during descent
(feelers of angular velocities, overloads, temperatures, noises eto,);

automatic systems, securing the landing of shipj

apparatus for autonomous registration of data regarding the functioning
of instruments, as well as physiological data of the test animals along the
descending sectiong

Ejection capsule with two deogs, _

In the ;Jootion coﬁsule, in addition to two dogs, were 12 mice, insects,
planss, mushroom oultures, seeds of corn, wheat, peas, onions, certain typss
of microbes and other biological objects,

Outside of the ejeotion capsule, in the cabin of ship, were place 28 lab-
oratory mice and two white rats,

In the instrument section wac arranged the radio telemetering equipment;
apparatus controlling the flight of the ship}; part of the equipment for scienti-
fio investigations (instruments for studying cosmic rays and short wave radia-
tion of the Sun); temperature control devices; decelerating power plant,

On the outer surface of the ship were situated rudder nossles and balloons
(oylinders) with supply of compressed gas for the orientation system, sensing

elements of scientific equipment, antennas of the radio system, experimental
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solar batteries, as well as a thermo~insulation system to prevert burning
up of the cabin along the descent seotion, In the walls of the cabin were
situated heat resistant illuminators and rapidly opening airtight hatches,

The gaseous composition, humidity and air temperature in the cabin of
the ship, necessary for normal vital sctivities of the experimental animals,
have been provided by & regeneration and temperature oontrol systems,

Transmission of information about the state of the experimental animals,
the physical conditions in the cabin and in the instrument section, on the
operation of the airborne equipment was realised with the aid of radiotele-
metering systems to ground measuring points (measuring points on Earth),
Radiotelemetering systems functioned in two ways:

a) direct transmission of telemetering information to the measuring points
at the moment the ship flew over these pointsj

b) storing of information with subsequent reproduction and transmission
of that information during flight of ship-satellite over the metering points,

The ship was equipped with the radio system "SIGNAL" intended for opera-
tional transmission of information and processing of radio telephone communi-
cation problems with_satellites.

The transmit images of the experimental animals on board the ship a
special TV apparatus was set up,

Ship control was automatic, and by the transmission of coemands from
Barth, On board the ship was installed a highly accurate-orbit oontrol system,

Power for the equipment on board the ship was supplied from chemical ocur-
rent sources and from a solar battery., The solar battery was situated on two
half-disks with a diameter of 1000 mm, oriented toward the Sun with the aid

of & special system, regardless of the ship's position,
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‘ Flight of Ship and its Return to Earth

After the ship is brought into orbit it separates itself from the last
stage of the carrier=rocket, During orbital flight the task is being oarried

out in accordance with a fixed program of its basic systems; orientation

system, telemetering system, temperature oontrol system, scientific and TV
b apparatus, as well as the apparatus providing oconditions for vital activities
of the living organisms situated in the cabin of the ship,

Orientation of ship at the time of flight in orbit and along the descend-

{ ing section is accomplished with the aid of an orientation system, During
the operation of the orientation system one axis of the ship was directed
along the local vertical and the other one : perpendicularly to the plane
of the orbit, the third one (longitudinal axis of ship) : perpendicular

to the first two, along the intersection of the plane of local horison and
the plane of the orhit,

The flight of the ship;sltollito was tracked by ground stations, situated
over the territory of the USSR, The obtained information was transmitted
automatioally over communication lines into computation centers, As result
of prooessing these data on eleotronic computers were obtained acocurate
; elements of the ship's orbit, which provided the necessary prognosis of
' further movement of the ship in orbit and the possibility of its landing in

the given region,

The requirements for exact knowledge on orbital elements depend upon the
values of permissible errors during the landing of the ship-satellite, because
to land in a given region it is necessary to seleoct the exact time for cutting;
in the braking (decelerating) power plant witﬁ consideration of the real values
of coordinates and velocity of the -hip;sltollito at that particular moment

of time, An error in ship veloocity of 1 n/scc leads to a deviation of the
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landing point bhv almost 50 km, An error in true altituds above the surface
of the Earth, equalling 100 m, deflects the landing point by 4.5 km, and an
error in direction of the velocity vector relative to the surface by the
Earth by one angular minute leads to a deviation in landing point by 50;60 km,
In conformity with orbital prognoeis data, as well as in oconformity with
telemetric measurements, which characterized the operation of the airborne
equipment, from the coordinating-computer center in acoordance with a preset

program, control commands were transmitter to the ship-satellite in cosmic

space,

During the 18-th round trip from the Earth was sent up a command for

ship's descent with consideration of its landing at a given region (Fig. 160).
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ledeceleration wvith jet engine; 2«-descending trajectory; 3-landing region for
cabin of commic ship and the e jected capsule,

To make the ship-satellite descent from crdit to Earth with the aid of a braking
power plant it was decelerated to a velooity of motion as required by calculation,
The descending trajectory was selected so that the overlosds during the entry of
$he descending ship into the dense layers of the atmesphere , and the time of their
aoction should not exceed the velues permissidle for living orgenisms,

After the ship changes cnto a descending trajectory the instrument sectiom was
separated from the cabin, The instrumens section burned up when entering the dease
layers of the atmosphere,

Along the d:scending section the cadin was decelerated in the atmosphere by a
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special braking system, Dropping down to an altitude of 7000 m, the cabin flew
from the moment doacont.bo'n about 11000 ion, Maximum overloads during cabin
deceleration in the atmosphere amcunted to 10 units,

At an altisude of 7-8 shousand km upon command from barocmetrie relay stations

she 1id of the ejection hateh was throwa open and the capsule with the animals was

casapulted cut (ejected) from the cabin of the ship. The descending trip of the
capsule was at a velocity of 608 m/ses, and that of ship cabin - 10 m/ses.

Immediately sfter the casapulting (ejestion) of the capsule radio direction
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finding systems were cut ia, intended for finding the direction of capsule and
cabin at the time of desceas and after their landing, landing of enimals,which made
the flight on board the ship=satellite, could have been carried ocut directly in the
cabin of the ship, but for the purpose of operating the ecatapulting system,whish

( ‘ appears to be a reserve landing system for future maneflightss, the capsule with
the animals was casapulted [ejected) during flight,

The high landing accuracy of the ship-satellite (deviation of landing poins
from calculated was less than 10 km) indicates high perfection of the ship's
control system and the accuracy of determining the orbital elements by ground
metering uniss, the error of which have a direct effecs on the deviation of the
landing point, After the landing the cabin of the ship and the capsule with animpmle
showed no signs of demage , which indicates the perfestion of the landing system,

Providing conditions for vital activities on board the ship
Tor normal living functions of the animals specific atmospheric conditions in
the oadin are needed, Therefore the dasic requirements for an airtight ship cabin
were as follows:
maintensnce of barometric pressure, close to pressure at sea level, at aa
- oxygen concentration of 20-25% and carbon dicxide conceatration of not more shan 1%;
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maintenanse of air temperature within limits of 15 - 25°C and relative humid ity
within limiss of 30 - 70%;

purification of air from Soxic admixtures,formed during the operation of cabin
devices, as well as by ithe animals in the process of their life activities,

Two such dogs, like Belka and Strelka, require 8 - 9 liters of oxygen per hour
and exhale during the respiration 6 « 7 liters of cardbon dioxide per hour and 0,25
liter of water within a diurnal period, Takirg into consideration that the normal
1life activity of a dog is disrupted upon a reduction in oxygen contsent to below
18% and at an inorease in the content of cardbon dioxide to 2-3%, it will become
apparent, that without adoption of special measured in the cadbin of cosmie ship
the animals may porish rapidly,

To secure for the entire time of flight normal gas composition of the air, its
temperature, pressure and humidity, the cabin was provided with an air conditioning
system, vhich maintained the atmospheric paramsters in the cabin within given limits,

To maintain required gas composition of the air in the airtight cabin of the
ship it was provided with a special arrangement, in which highly active chemical
compounds were used, absorbing the carbon dioxide and water vapors from the air of
the cabin and genersting an equivalent amount ef oxygen,

The emplayment of chemiocal eompounds for the regeneration of air in ocabins of
small volums encounters, however, considerable difficulties, ons of which lies in
the fact, that the rate of oxygea formation does not alvays meet the requiremens
of living organisms. To maintaia equilibrium between the liberation of exygea and
the demand for sams by animals it becamn necessary to exerde special devices, aute-
mtically oontronug the rate of avsorpsion of carbon dioxide and water vapors
vith she formation of the mecessary amouns of oxygea, This autamatis coatrol of
the regeneration proeess iis carried ocut by a very simpie and reliable constructiea
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of a sensitive elemens, reacting to change in operational condition ef regensratiea
unit on she whole,

A reducsion in the amount of oxygen and an inerease in carbon dioxide concentra-
tion was absorbed (picked up) by a sensing elemens, transmitting corresponding sig-
nals to the telemeturing and operatiomal mechanimms, In case of excessive formatioa
of axygen the operstional mechanims was automatieally activated, as resuls of which
$he cabin was fed with air only partially emriched with oxygen.

The givea air pressure in the cabin wvas maintained autommtically. Especially
developed dilters secured reliadble purification of cabin air in csse it became
contamineded with texic chemical impurities, liberated as result of the vital activ~
it%ies of the animals and during the operation of the devices.

Data about the opsration characteristics of sensitive elements and about the
parameters of the air in the cadin were transmitted over the Selemetering system down
to Barth,

Numerous experiments, carried ocut under laberatory conditioms , showed, that
the developed air conditioning and regeneration system secures reliable mainsemanse
vithin given pressure limits, relative Mamidity, as well as oxygen and carbon diexide
conceatrations in the air of the airsight cadia,

The problem of creating the mecessary conditions in the cabin includes also the
maiatenanse of givea air temperature,

The dogs and other animals which took part in the flight were capabdle of endure
ing greater fluctuations of the surrounding temperature. However whea readying for
she flight the job was create meximum favorable Semperature conditioms, The fact is
that considerabdle deviatioms of conditioms from normal expose the animmls to eomdi-
tion of more or less large addisiomal load, requiring corresponding strein of the
physiological mechanisms, coatrolling the vital astivities of the organiem,
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This in turn, would create an unfavorable background for the endurance of basic
conditiens of cosmic flights - overloads, weightlessness etc.Consequently the problem
came up of meintaining the given air temperature with very marrow fluctwations,

In solving this problem it was mecesssny to overcome & series of difficulties,

a majority of which is connected with the imconstancy in the rate of heat libere~
tion by the animal and the apparatus, But at the same time, in order thas the air
temperature should not ge beyond the given limis, the amount of tapped (disehawged)
heat per each period should be within strict comformisy with its entry.

i
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To eliminate heat from the cabin of the ship was used a cooliag uni$ with ligqe
uid-air radiator. The liquid refrigerant came to the radiater from she ship's
thermoregalatien system, Delivery of refrigerant was centrolled in relation $0 the

texperature in the cabin, Such a system secured ssable air temperature miatenmanse
in the cabia Au'ring the entire flight.

| w—

To maintain given semperature in the instrumsns section and stadble temperature
of the coolant the ship was provided with a radiation heat exchanger and louver
system,The heat from the airtight instrument section, filled with gas, wvas drawma
off directly to the radiation heat exschanger, situased oo the body of the instrum-
ent compartmens.

Feoding and watering the experimental animmls during the long flight on the
man-made Earth satellite involve certain difficulties, connected mainly with the
cobditions of weightlessness. This eliminates the possibility of serving the dog
water in an open vessel because the liquid can be carried away easily and it will
becoms imaccessidble for the animals. Solid food, intended for feeding under condi.-
tions of weightlesshess, should not crupble and break inte pieces,

A simple and effective method of surmounting the enymerated difficulties is

the use of viscous, gel like mixture, consainiag the necessaxry nutritious sude
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stances in sufficient amount and simmlésheounsly also { necessary amount of waser.
This combined method of feeding animmls was applied foy the first time to conduss
a biological experimsns on the man-made Xarth ntou:l.tp carrying she dog layka.

On the basis of caloulatiocas and numerous experimeuis was developed & gore
esponding preseriptiom for the cembimed feeding mixtuye, Such a feeding mixture
has a jelly-like conaisteney and possesses sufficient cohesien with the wa)ls of
the feed bex,

To portion out to the experimsntal animels their daily allotnment of feed
mixture the constructors developed a feeding automat,

To protect the feed mixture from spoiling it was subjected to sterilizatioa
in an autoclave at a temperature of 115°C, which offered reliable conservasion
of same,

When testing the animel feeding system under ground conditions it was found,
that dogs, feel for a longer period of time on the combined mixture from the aute-
mtic feeding box, they lost no weight and suffered no thirst. It is necessary to
point ou$, however, that the use of combined feed required and long systematic
traiaing of the animals in eccordance with a special program under conditions ,
close to flying comditicis on boerd a cosmic ship,

Tor the mice and rats were developed special cages, Along their wlls were
situated subes ~ feed boxes, which were filled with dry nutrient riquettes,
containing all the necessary nutrisiocus substances, Vater was in a separate little
tenk and flowed into the cage through & pipe with wicke. The mice and rats were
pre=trained to such a method of feed receiviag,

Catapulting (ejection) capsule (contaimer) for Animals
The catapulting conteimer, in which dogs Byelka and Strelks were placed,
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appears to be one of the container variants, developed for man-flight,
The shape of the contaimer was chosem with counsideration as to secure, after
the catapulting, stable position of container axis relative to the veloeity vector.

_ The container held the following units and systems:

cabin for animals with trough, feeding automat, sanitation arrangement, air
conditioning system ete;

ejection and pyrotechniccl means;
radio transmitters, intended for finding the direction of the contaimer;

TV camera with illumination and mirrer (reflecting) syssem;
blocks with muclear photoeammilsioms,

Arrangement of the system is shown in fig,161, The cabin was made of shoet

metal, In it were placed trough for placing the snimals, feeding automat,sanitation
arrangement,

Fig,161, Hermetically sealed animml cabin in ejection container om board
——the ship-satallite:

l=bottle of air supply system; 2-the pyrotechnical mschanism of e¢jectiomn; 3= redio
direcsion finding unit; 4- special storege battery for heating microbe tes$ tubes;
S-storage battery; 6 special scientific ecu.pment unis; 7= ejection container;
Semovement feeler; 9-airtight animal cadis; l0-microphome; lle radio direc$ies

finder antecna; 12-iaput and ouspus valves; 13«1V camsra; lismirror; 1Sevemsilation
16=oombined feed mechenism,
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On the very trough were situated the movement feelers and automat for measuring
blood pressure of the animals., On the upper bottom, mede in form of a removadle
1i4, were placed the TV camera, illumination and mirror system, fan and bdlock of
microorganism ccntainers,

In the cabin were secured contaimers for small diological objects and s micro=
phone, enabling to estimate ths noise level in flight,

All the systeme of the ejeetion contaimer (fig,162) with animal cabin were
designed for longer stay in cosmic flighs,

top - right view ; bottom = lef$ view,

Television apparstus of cosmic ship
Objective data on the physiologicsl functions of experimental animals cannot
bo fully gemerslized if no possibility exists for simultanecus direct observasion
of the animals, The TV system of the ship-satellise provided the physiologists with
such an opportunity. Images, transmitted from board the ship at the time, when the
ship~satellite was in the z20ne of actiom of ground receiving poinss, were recerded
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on motion picture film, Simltanecusly en the very same film with an accuracy of
up to 1 frame were recorded time markers, synchronized with the time markers, ree
produced on telemetering tapes, In this way, by comparing the films it was possidle
to determine how the animal bebaved at the given momens of time and what physioloe
gical changes accompanied these or any other activities of the anims],

When constructing the TV apparatus a number of contradicting requirements came
upe On ome hand, it was necessary %o secure high quality of the image, on the other
hand, to reduce to & maximum exvent the weight, overall dimensions asd, particularly,
the power requiremsnt of the apparatus, The scientific problem of transmitting ine
formmtion on the behavier of the animals and coordinmation of their movements, allowed
for a considerable reduction in the parameters of the TV-image: number of scanning
lines, frequency of frames thus sharply merrowing the spectrum of the TW-signal,
Taking under consideration also the technical factors - in the first experiment
it was found advisable to work in a possibly more narrow frequency spectrum, in
order to guarantee against possible frequency-phase distortions, which could have
originated during the transmission of spectrum of several ms,

The selection of such parameters provided the possibility of creating a highly
sconomioal and reliable radio channel with greater supply of energy with an image
satisfying the requirements of the given problem,

On board the ship were plased two small size TV camsras. One, situated direct-
1y on the contaimer hatech, through the vindow of the basch were transmitted images
of Byelka anfas = r.ront view. The second camera was placed in the cabin of the ship
end through the side windov of the contaimer transmitsed images of Strellm ia
profile (£ig.163) .

TV transmission began long before the take off of the ship, The condition of
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the animals was observed on the takee-off sectiom, at the momens of change over from
overloads into wveightlessness and then during all the turns, when the ship=satellise
was in commnication with eny one of the ground receiving ssatioms (fig.164).

Connection and disconnection of TV cameras and suxiliary illumination was realized

upon commands from the Earth, The cameras were connected altermately,.There was the
1 possibility of svitehing ever the ceameras at any given moment of transmissioen,

At the ground stations, in addision to visual observation devices, were placed

dupliceted recording uevices, in which all steps have beea taken to seeure highly
reliable registRation,

L ramenr v

The obtained TV films are of greater scientific and perceptional imporsamee, not
to mention the impression, which the viewer experiences, having gained the possibdility
vith "his own eyes® to take a loock into the cosmos,

Great also is the purely technical value of the first experiment on the transe
mission from cosmos of images of moving objects, It yielded highly valuable expe~
riense , which will enable in the future to develop and improve cosmic 1V systems,

Medical=Biological Investigatiouns

The basic problems of medical-biological experiment on the cosmis ship-satele

1ite were:

studying the life activity characseristics of various animals and plants under
oconditions of coamic flighs,

studying the biological effecs of basic cosmic flight facters on liviag ore

ganissw (overloeds, lasting weightlessness, changs over frem reduced vweightiness
%0 inoreased and vice vermsa;

Studying the effect of cosuic rediatioms on animal and plant organisms (om the
{ state of their visality and heredity);
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conditiong for vital Qctivities i flight (romration.tmpcraturc control,feede
ingm vatering, Sanitation syeteme ste),

To solve these moblems the ¢ jection container ang lurmotiouuy sealed cadin
of Shipesatellits carried & number of biologicel Species,

In the hornat:luuy Soaled cabin of 8hip-satellite Were placed thyee c&ges
holding two white hboratu'y rats, 15 black and 13 white hboratury xdoe, In the
e jection container were housed; ¢y, dogs, cage witn 6 black apg 6 white laboratory
mice, severgl hundred uuoctl(prouﬁ.c trush fly), two vessels with Plant spegies .
8piderwors, 8¢0ds of various types of onions, peas, wheat, corp and nigel] o, Special
Vessels with &ctinomycetyio fungt, single cel) algas . chlorells in 11quid ang 45
solid dutritiona} Bedis, 50 Cartriiges beld sealeq Ampoules with becteria) culture
of intesting) bacillyg (type KKx-12, B, 'nrogonnu'. bacilly of olleaciq Toermenta.
tion with staphylocoscal culture, tywo types of phage (702 apg 13-21), solution ¢f
duwribonucloinic 8cid (DNK), as wel) 48 & culture of oPithelial humen tamoroys
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cells (Hellcells) and small preserved sections of human skin and rabbit skim,

In addition, the ejection container contained four autammatic biocelements with
culture of oil-acid fermentation bacilli, with twvo biocelements situated in a special
thermostat, and two in a nonheated container,

The experiment was preceded by greater preparstory work, including the development
of investigaticn methods, contrcl and recording equipment, as well as preliminary
experinents, in which was investigated the effect of individual factors on the
state of animals and plants, necessary background and control experiments,

When readying for the bislogical experiment on the cosmic ship-satellite in role
of basic biological species were used traditional laboratory animals - dogs, the
normal physiology of which has been well investigated,
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These animals submit to training and resist various physical effects, The presently
applied methods allow with sufficient accuracy end ease to record various physiole
ogical characteristics of dogs.

A whole series of requirements came up in connection with the experimental
animals. The dimensions of the dogs had to provide a sufficient degree of freedom
of movement in the cabin; color = qualitative and contrasting observation of the
movements of the animals through the medium of TV, Preference was given to so-

called " pure breed dogs ®* , which were distinguished by high resistance to actions
of various outer conditions, Great importance was attached to the type of nervous
activity: selected were dogs of strong, balanced, movable type in which the condie
tional reflexes necessary for the experiment have been easily developed,

For the experiment wcre taken mature dogs in the age bracket of from one and
one half to three yeers, The animals were subjected to thorough physiological and
clinicosveterinerial investigation., To record arterial pressure operations have
been performed to bring out the carotid into the cutaneous part of the neck, For
reliable registration of cardio biccurrents under the skin, were applied electrodes
made of a special alloy.

As is known, duriug the flight on & cosmic ship the experimental animals should
be confronted by a whole series of umusual factorss greater accelerations, vibrations,
noise, long stay in a hermetically sealed cabin, feeding from automatic devicer
and realization of natural orgenismal functions in speciali clothing,

To train for the experiment the dogs underwent a longer period of training in
a model of the cabin of the shipe-satellite with a fixation system,allowing the
animals to carry out the volume of movements necessary for normal life activity,

The time of finding the dogs in fixed position was increased gradually.The dogs

becams accustomed to wearing sensing elements, fixing clothing and sanitation
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. deviees o The program of animal training included also training of dogs in being

fed with ©  specially prepared mixtures from automatic devices, to which, as
a rule, the dogs became easily and rapidly accustomed,

During the process of training was carried out a greater number ¢f examimatioas

to determine the resistance of 4ogs to accelerations, Each of the chosea animmls
was subjected several times to the eoffects of accelerations on a special stand,
The experimsntal results allewed to establish the satisfactery endurance by exper
imeatal animals of overloads with slight individual fluetuations of the physioleg-
iecal parameters,

As is knowa, alomg she section of ship orditing the organism of the anima)l
is subjected to the effect of vibrations, which can definitely affect its cendi~
tien, To explain this problem experiments were carried out by the resulss of which
it vas possible to estimate the satisfactory endurance of the animml of vibrations
antisipated in flights, In addition, separate series of experiments have beea mede
$0 examine the individual resistanse of animals %o the effects of sheck overlosds
(taking plase during ejection of the container), reduced beromstric presswre,
higher and lewer temperature,

After completingthe whole cycle of training and testing for participetiem ia
in the flight experimens were chosem dogs Byelka and Strelka (£ig.l65).

Both dogs passed preliminmary trainiag and testing jobs with satisfactioa amd
vere then placed ia preflight conditioa,

To control She condition of the animals in flight and to solve the physioleg-
ical prodlems of the experiment & special set of medical investigation devices was
developed, This set secured the recording of the physiological fumctions of the
experimental animals ia flight of the comaic ship,

Dariag $he flight were recorded the following physiolegical characserissics:
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arserial pressure, electrecariegram, tonicity of the heart ' , respiratery frequene
6y, body semperature, meterial activity of $he animls,

Together with $his were fixed data on barcmetric pressures, semperature amd
bumidisy in the airsight cabia, as well as control dasa on the functioniag ef sys-
tems providing conditiems for life activities,

With consideration, that the basic purpese of animal experimensation is the
training ef man for flight into cesmic spase, greater attention has beea deveted
to prodblems, connected with she study of the funstioning of the motorial apparatus
of the animals , and in particular the cnordimation of arbisrary movemeats, Fer
this was used televisien and special movemeat sensing devises,

The TV filme photographed on the ground allew to estimate the bebavier of
the animals in commic flight. In combination wish informatiens received from moves
ment sensing devices, they can provide material for judging about the state of
higher functions of the central aervous system and about the adaptasion of the
animals to weightlessness conditioms, Thanks to the presense on TV films ef single
time markers each movement of the animsl can be coanected with greater acouracy with
the already available at the given moment values of any given physiological fume-
tiens,

In the anim) cabin in /mmediate vicinity of the dogs, as well as on the clething
of Byelka and Strelka we placed individual dosimeters for msasuring ionising radia-
tion, Returaed sogether with the animals back to Earth the desimeters yielded data
on the effect of charged particles on the animals, effect of electrommrmetic radie-
tiem and of msutroas, inclwded ia the compesition of ceamic radiatioa,

Investigation and evalustion of the biological effect of various facters, connest-
od with cosmic flight, and above all the study of the biological effect of cosmic

radiation, wvhich represeats a highly eomplex and varied problem, requiring the ine
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volvement of the mest variegated investigatioa metheds: physical, general clinieal,
physiological, biochemical, micrebiological, immnelogical, genetic ete,

Of great impertamece is the study o metabolism changes, It is importaas to
explain, whether slight reversible functiomal changes 4o Saks plase here or are
there persitent metabolism displacements., For this purpese was selected a group of
biochemical indices, which sharacterise $he funstioas ef the liver , endocrisal amd
nervous system vhieh underge coasideradle shanges at greater loads against the er-
ganism, and under the effect of iomising radiation as well,

Fig.165,First travellers into cosmes Byelka and Strelka
—affer returning $o Barth, :

During a number of menths prier to flight and whea trained $o eadure the
offests of individual flight facters (acceleratioa, vidbration) the dogs were exam-
ined for the follewing characteristics: albumina fraction in bleed serum, serua
mooid, cholimesterase activity ef she blood, desoxycitidin in the wrinme,

A serious tesk vas the examimation of the state of the cardio-vascular system

of she animals, which completed the cosmic flight. Prier to flight the animals were
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examined within a period ef several months,The examimation covered arserial and
venal temicity, vassular reactiea and respend to compression , as wsell as skin
temperature, After resuraing to Barth the dogs were again subjected teo ﬂunuﬂ
examimation of their cardie-vascular systems, and especially the state of the
peripheral vessels, Examinatioas ef Byelka and Strelka degs after retwrn to Earsh
revealed no meticeabdble shanges.

A study of the immunological . reactivity of the experimensal degs crntod.
the fellewing imporsant sask, It wvas neecessary %o explain, whether the effects eof
cosmic rediation and ether flight facters will bring abeut a depreszsiea of the
aatural noa-suseeptibility o micrebes and develepmsats of infectious diseases as
Tosuls of it. This is the more so impersant, singe the fusure cesmomaus will have
$o remain for a loager periet of time in confined guarsers of a cosmic ship,

Strelks amd Byelks were examined prier and afser the flighs to diagnose the phae
gosytiec and bactericidid fumctions of the blood, amd the bastericidic prepersies
aad matural microflera of she skin, These examimations ea Zarth were also sarried
out vhen the dogs were under the offest of accelerations and vibratioas,

Por all areund stwdy of verious fumctional changes, occurring in the fiving ere
ganism at the time 6 flight, it is desired to gain data oa a possibly larger mumber
of animals, In these tasks in addition $e the dogs, %wo vhite rass and mice were
used,

The study of rats began several moaths prier to the flight, With the aid of a
conditional reflex methed was iavestigated the higher nerveus activity ef these
aaimls, the tpolegical eharest-ristics have been dotermined, dloed analysis was
made and an electrosardiegram was saken,

Already the first examimatiomsafter returaing to Earsh have sheowa , that the rats,
a8 vell as the degs, have well endured the flight. During the flight *hWey fed well
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on the nutrients stored ia the feed bexes . A therough inspection of the rass
revealed no seratches er ceatusiens, The animals lest ne weighs, they vere normlly
aotive,

The pregran of bielegical iavestigations on the second -hip-satelliténn also
based en the use of microdiolegiecal amd cytolegical investigation methods.These

. metheds allew $0 solve effectively sueh imporsaant problems, &s determimation of

specific time intervals liviang eells ean remaia in cesmic spase, their growth and

developmeat under sush conditieas. They are also applicable in studying the genetie

offeet of cosmic space facters, especially the facter of cesmis radiatieams,

The eharacteristic of genetic effeet of these rediatioms should be manifold,
that is why, in addision e using animals ( e.g., rodenss, insesss ets), it is alse
posaidle te use micrecrgaaisms and liviag eells of humsn bedy in tissue culture,
These and others possess sertain advansages in connestion with the greater rase of
mlsiplication and correspondfng rapid change in generations, Fuwthermere, a study
of changes in the properties of microorgsnisms, especially such constant "satellites®
of humans, as intestinal baeillus and staphylocoeci, is highly imporsent in estim-
ating their bebavier in the organism of future cosmomsuts,

In modern genetic investigasioms in the role of object special great attention
is attracted by bacteriophages - ultramicroscopic agents, parasitizing on bacteria
and entering with sams into complex genetic relatiomships. Farticularly sensisive
indicaters of genetic effect of redistion are the so=galled lysogenie bacteria,
vhish upon irredistiem are capadle of preducing decteriephages, Of familiar ine
derest is also the study of the effeet on grewth and developmnt of sush living
cells of aceelerations, weighSlessness, vibratioa ete,

In conformisy with $hese deliberaticns om the second shipesatellite were plased
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various micrebiologisal and cytologival objects, They were espesially prejpared for
this experimens, whereby the selectien of these objects was guided Dy an effors
to selecs crganisms, widely used ia laberatories of the whole world for the
purpose of obtaining comparative resulss, In the number of odject: were inclwded
intestiaal baoilli cultures KK-12, for wiich the basic erigia were, well known
to mierobiologists, bacteria with the most clearly expressed genetic characturistis,
This allows to make & gquantitative determination ef the degree of genetio
changes and to cempare thess values with the level of radiation and quality ef cos-
mic particles, registered om dbeard she ship-satellite by physical instrumentss,
Through long and thorough examinatiom of the returaed ocultures it will be pos-
sidle to reveal the degree of changess in the number ef so~called induced mutations,
i.2¢ pathological ia a majority of instaneces changes in hereiitary properties,
Turthermore, there is the possidility of investigating these cultures for the pure
pose of establishing the effect of rediatien oo the number of bacteriocphages produced
by them .

The varieties of intensitimal bacilli B and "aeregenesis®, used in the exper-
iment, also appear to be objects for studying mutation frequenscy,.

To investigate the genetic changes in the most mimmte living substanses =be¢-
teriophages, the T-2 stamen was used,

Besides the T=2 wvas also used the bacteriophage stamea 13«21, specifically
affecting the intestinal becillus of the "asregenesis® type . It was intended
for studying the changes ia the nature of lysis (dissolvement of bacteria, vhich
takes place in presense of dacteriophages ).

This precess for the phage 13«21 system ~ intestimal bacillus ®acxregenesis”
was documented for the first time bWy ceytrapheric mierophetographing and electrea

miecreseopy.
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Vish respect to all the mentioned organisms was fi.st obtained a detailed
structural-physiological charscteristic with the aid of the Newess methods, Partice
ularly, intestinal bacilli and stapbylececei, which have also been exposed on the
ship-satellite, were investigated under an electron misreseope partially with the
aid of the ultrathia microscopid section routime,

As %0 the oily-acid fermentation miocrobes used in the experiment, they were ine
tended ocnly for the developmsnt of autemstic registratien mstheds for the vital
activities of microerganisms, The developmen$ of such methods offers the possidility
of determining the life span of cells on long flyiang and non-returaing satellites
and reckets. The testing of oily-ecid fermentatiea bacilli has been perfectly juse
tified in this respect,

O that basis were develeped an approved metheds and special inssrumenss -
biocelensta, which make it possible to record amd transmit to Iarth sigmals,chare
acterisiasg she viability and physiologiaal performances ef the smallest liviag sube
stanees - bacteria for any leagth of time of reckes flighs.

Bicelements after any exposure in flight exn be activated by sigmls fram Barth
o bWy a programming devise on board the ship,

On the secend ship-satellise an effert was alsc made t¢ use for genetic chare
actorisation of cosmic space living cells in tissus cultures. It is knewn, that
heredity in such cells subjected S0 the effect of radiatiea changes a hundred times
easier, than in microbes, But %o preserve their vilality for longer periods ef time
vithous resecding into new media 1is very difficuls,.To carry cut such an experiment
it wvas necessary te select well growing eells and suisable nutritius media for
same, Takiag into consideration ':“fuct " on the ship=satellite were used
cancerocus cells, conditiomally called Hell's cells,These oells shrive well ocn
artificial media and are widely wsed for stulying gemetic prodlems and fer stmidying
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the mature of caneeY. For the cultivatjen of such cells was employed a method,
enabling to obtain columns (accummlations) of cells on the wall of glass test tudes
in which germination is carried ocus,

I3 was estadlished during previous sests that the columms of canser cells ad-
Rere %0 the walls of glass test tubes and ampeules with such a persistency, that
they withstend vibrations, by mach execeelding tiis obes, which Sake place during the
blasting off of modera rockesse This offers the possibility during the prosessing
of data to give & morphelege=bioclogical characteristic of the cultures, a part of
the developmeat eycls of which took place in a speeially constructed small thermes
stat en beard $he ship-satellite,

On beard the ship-satellite were also exposed smll sections of humen amd
rabbit skia for the purpese of expleining the possible effect of cesmic space face
tors on the particularly sensitive cellivlar systems,

In cur $ime biological, as well as genetic, investigatieas have been scarried ous
in close sooperation with physicoe-chemical investigations, In particular, in the
last decades it vas shown that chemical substances can participate in the transfer
of heredit:ry symptoms from eme variety $o another, Suoh a chemical substange is
desexyridenucleinic asid (DIK), included in the compositiem of nuclei of animal
sells, plants and microbes, It is highly probable that this compound will firss
roast to genetic effeets of cesmic rediation., Taking this under consideratioam, oa
the shipesatellite ware placed ampoules with desexyribenueleinic acid, odbtaimed
from the goiter gland of a ealf, vith part of the ampoules filled with axygen,

In this vay, on board the shipe-satellite was sarried out a series of purpeseful
experiments on animals cells, microorganisms, bactseriophages and complex .. ganie
molecules in order to do everything possidble for solving the prodlem of viadilisy
of eolls and rediogenetic safety in cosmic space,

208



Y
E
)
5
.
H
7
s
H
B
1

In addition to problems of explaining the effect of cosmic flight factors,
firss of all cosmic radiation, on the physiology of roganisms, foundations were
laid fer the study of the effect of these factors on heredity, and for solving the
problem conseraing genetic danger of cosmic flights,

Numerous investigatioms by Soviet and foreign scientists established, that such
types of ionizing rediatiens , as x-rays, gamm Rays, fast Rsutroms and eertain
other, represens a powerful souree of heredisary changes in all erganisms, including
that of man,

Experiments in the bombexrdment of humen tissues with x-rays showed, that a
dosage of 10 Reextgens doubles the frequensy im the origimstion of mmtations, It
was explained that variocus types of iomizing radiations have different dbiological
effectivensss, For example, fast neutroms cause eae and ods Malf to $wo times more
mtations than x= or garme rays, The genetic offeet of primary cosmic radiatiea
could no be investigated until nowe The flight of the second cosmic ship=satellite
has, fimally created the possidility for sush an investigation.

In spite of the fact that a predominant mumbsr of mutations is harmful, some
of these under specific conditions of the medium can be useful for viewing. Sweh
useful musatioas play an imporsant role in the evolution of crganie world and ia
the creation of nev highly mroductive stamens of microorganisms and types of cule
ture plants.Redioselection of mieresrganisms and plan$s in receat yeara becomes one
of the tasks of selectiemers. Therefore,in addition $o0 explaining the genetic hazard
of cosmic radiation, it is necessery $o0 explain also the possibility ef wsing same
for radio-selestion purpeses,

On the ship-satellite were situated the following kinds of crganisms, intended
for first lime genetic investigatiomss mice of twe differens lineagss, small fruit
flies=trushes also of two differeat lines, two tradescansia plants, vheat seed type
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186, seeds of three types of peas, differing in radio stadility, two types of cora
« ®*Nemshimovsk® and *MOSCOW®, batum and nigell oniems, actinemyeete fungli - preducers
of antibiotics,
What explains the selotion of such objects fer first genetic investigations,
conngcted with cosmic flight ?
Mice and . ~ thruskes by virtue of a mumber of biological characteristics
= high rate of mulsiplication and change in generations, easiness of their breeding
and because ef the enermeus variety of their features, the heredity of which has
beon well investigated, are highly suitable for genetic investigations , Mice spemd -
ing soms tims in the cosmes should be subjeeted S0 thorough cytological analysis
for the purpose of explaining the changes, which might have taken place in cells of
various sissues under the effect of cosmic rays., First of all it is necessary $o make
{ a therough examimation of the state of the chromosomic apparatus of blood producing
organs,
As mentioned above, in the flight participated two kinds of thrushes (flies)
One of these - lime D-32 -~ is distinguished by very low mutability under natural
conditiens , the second = lime D-18 « om the coatrary, distinguished by very high
Batural matabdbility,

The tredeseancia plant = classical object of sytological investigatioas ,simge
it possesses & small mumber of well disting uishable between each other chromosemes,
In the animm] eabia were especially placed plants with buds, because chromosomie
trensformatiens in tradescaneia can be best observed in the cells being prodmeed
during the formation of pollea,

Dry seeds of culture plants - what, corn, peas - were used for the purpose of
learaing vhether cosmic radiatioa causes any kind of changes (mutatiems) in varieus
sypes and kinds of plants,
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As $0 onions and nigellus, they are used basieally for cytological investigations,
Ionizing radiation is widely used for the odbtainment of new, more productive
stamens of actinemycetes, offerimg sueh valuable ah¢idbiotics, as penicilliam, strepso-

mycin and others. On the cesmic ship were placed two stamens of fungi « produeers
of penicillinm , highly distinguishable in radiocactivisy, Investigatien of results
of them being irradiated in cosmes will allev to solve the problem of biolegical
offectiveness of cosmic radiations with respect to the given, very important objecs .

It should be pointed cut, that each one of the enumerated genetic experimsats
is scoempanied by strict coatrol experiments with very same objects under normal
conditions fer same. This gave an objective evaluation of genetie investigatiea
resulss,

Learning the laws of heredity and controlling same - one of the @ortalt probe
lems of modern matural scienses, The entry of man into cosmes heralds the begimming
of a Rev chapter in tbs development of geneties , a chapter, devoted to learaing the
laws goveraning the effect of cosmic flight fastors on heredity and evelutiom, devel-
opmeat of metheds for motecting against the garmful effects of these fastors amd
ustilizasien of sheir positive effects, Genetic investigations on she second shipe
satellite are enly the firast steps ian that direstion,

In the plan of long lasting future flights comes up the acute prodlem of gemer-
ating air in hermetiocally sealed eabians and previde food fer ship crew, Already sim=
ple caleulations shew, that the use for such purposes of chemical reagents aad food
supplies, takea on the Barshy, would lead S0 a very high initial weight of the ship,
bestuse the reageats and feod taken from the Earth will not be reproedused along the
flight, In this comnection within the scale of our entire plamet sush Jrosesses as
sarbon dioxide abserpiien, generation of exygen and syathesis of complex organis
substanses from completely exidised cmes are realized ia leaves of greea plants as
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Tesul$ of phososynthesis ,

Honge & hypothesis came into being that it is necessary to ereate on cosmie
ships fer purposes of regenerating air amd derivation of food so called het heuses
of greea plants, vhich abserding the carbon dioxide discharged by the living er-
ganism, wouil! preduse food and generate exygen, Most suitadble for sueh purposes are
mierescopie green algee, which develop very rapidly, are distinguished by greater
photogynthesis activities and a number of other valuable qualities,

These considerations established the need for siwdying the effect of cosmic
flight conditions on the preservatioz of vital functions ef green algame, Chlorella
situated on beard the ship wvas plased in special ampoules in differens physiologioal
states on diagomal agar and ia a liquid mutritious medium and differea$ suspension
density, The algae were then exposed to light and darkmess as well,

Scientific investigations on eesaic ship.

VYher studying cosmic rays a very impersant probdlem is the quantitative ratio
of various moclei greups in primary cesmic radiaticn,

Fresently there are 20 exact data oo the ratio of muclear ssream of nuclei
belonging to the ecarboa, nitrogen, oxygea group to the stream of mmclei belonging
to the lithium, deryllium, borom groups (most imteresting from the viewpoint ef
origination of cosmic rays)., Because of this it appears to be impessidle to make
e fisal eonclusion about a specific mechanism of regensratiom of nuclei during the
novemsnt of acceletated particles in interstellar space, To odbtain mev dasa in this
field, it is Mecessary $0 kaov the mgnitude of the ratio of streams of above men~
tiened nuslear groups with greater accuracy.

The secomd cosmic ship earried an apparatus , vith the aid of whieh it is pos~
8ible to0 obtain data on the compositien of cosmic rays in the muclear iaterval of
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from helium $0 exygen., For this purpose were used Cherenkev eomputers, contrelled by
a telescopid device mde up of halegea gas discharge counters ,

When cosmic radiation parsicles pass $hreugh the instrument in the given solid
angle was activated a coincidence eircuis, the pulse in which opened the channel
of phete-multiplier. From the collestor of phetoOmultiplier was sakea down the sigmal,
or/ginating vhen s nugcleus flies shrough i$. The amplitude of the pulse at the out-
pus of the Cherenkov sountsr is propertionsl to the square of tie mmelear discharge,
With she aid of a special device signals of verious amplitudes have boen conversed
into sigmals of corresponding duratiom, ob which were superimposed signals from a
standard generator, The number of pulses, filling up eash one ¢f the signals, was
computed by a semputing system and tranamitter to the telemstering system,

Parallel with the measuremenss of the mentioned groups of nuclei were measured
$he streams of mach heavier particles, With an integral Cherenkov computer were
msasured streams of nuclei with a charge of mors tham 5, 15 and 30,

Flight of the second cosmic ship and its return to Earth allewed to ébtain in
cosmic spaee phetes of these prosesses, which $ook plase im microcesm, For this
purpose were used se=celled nuclear phetosmmlsions, Flying through these emulsions,
particles of cosmic rays experience collisioms with atomic nuclei, As result of the
collisions there is mot only disiategratien of the atomic mmclei Dbut also new parse-
icles come into being, The originated particles also experience a number of ceRvere
siems, In the emulsica take place aew acts of reaction of partieles, sreated as
Tesult of first eocllision, with the atomic mmoclei of the substanee,

VWish the aid of muelear phetoemmlsions is possible $0 obsain sufficiently
detailed phetos of these phencmema,Stwdying the photoemulsions under a microscope

it is possidle to repreduse a picture of sthe processes, having takea place withia
billieath fractioms of a second,
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Is is knowa, that the glaat acceleraters comstructed on Earsh, offer the pose
sibility of obtaining parsicles with an energy belew specific limit, In cosmic rays
are encountered particles with en energy millieas of times greater than thes. The
urrym*t auclear phetosmulsiems into cesmic spese will allew fer an effective use
of this glant accelerator existing in nature.

On the second cosmic ship were placed several blooks of shicklayer phetoemule
sions, vith direct developmeat of phetoemilsion in one of these on board the ship,
Develorment of phetesamlsion on beard ship aftser a given time of expesure (of the
magnitude of 10 hrs) allows more reliably to separase out trages of individual
nuclel against a general beckground of cosmic radiation,

The sutonomous programming device of the phetosmulsion block sfter expiration
of a given time issues a commnd, by which the piston situated inm the inferier of -
the cylinder separates the exposed la ‘yers and simultenecusly iatreduces into she
vorking volume the developer solusioa., The developing lasts 90 minutes, after whieh
the developer is rezwved ULy the return movement of the pirtom., Then follews a comw
mand for seocondary seperation of layers and intreduction of preserving solutioa,

In the preserving solutioR tbe layers can be stered for several months, all the way
to the beginning of final phetolaysr rocessing., Duriag the processiag san de ine
vestigated traces of relativistic melei of first commic radiasion and data are
obteined on the quanvitative ratio of streams of various groups of mmelei,

In addition to the described phetoesmlsion block, on board the cosmic ship were
alsc placed three more blecks, charged with a thick layer muclear emlsiem, whieh
does not develop ia flighs,

The FE-2 bDlock, intended for registration of elementary mrocesses of mmoleay
reaction of high energy partieles ( in the area of 1032 ov and over ), bad an

emulsion pile, composed of many layers of nuclear photcemulsion with a dimensios
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of 10 x 10 cm, The thickness of each layer was 400/~, Between the emmlsion layers
were placed thin, of magnitude of 1 mm, “targets® made of a light substance,

The presence ia muclear emulsion of silver and bromime atoms and the arranged
*"targess® offer the possibility of registering the case of reaction of high energy
muslecas with heavy emulsion nuclei and with light "target® nmuclei as wll,

The high energy particles (neutrel X-mesons) generated during acts of nuclear
reaction give rise to photon showers, for the ) Tegistratien of which a
special detector was placed in the FE=2 bleck, this detector was placed under the
emulsion pile, This detecter consisted of seven lead plates 5 mm in thickness each
(which corresponds to ome cascade unis ef length), Between the lead plates were
situated muglear emulsion and luminescent indicators ef showers, thus facilisating
the dotection of comorete reaction acts,

Amalysis of electron~-photon shower instances, registered in nuclear emulsion,
gives a certain guantitative characteristic of same, exnd about the snergy, imparted
during reactions to emescns, The knewledge of that energy, as well as an analysis
of corresponding achievements, registered in the emulsien pile, offexr the pessidility
of determiaing the imdividual parameters of the given nmuclear reactiom,

A comperiscn of obtained quantitetive characteristies for act. of reaction ef
primary cosmiec rediation particles with light and heavy muclei xill allew $o explaia
the speeificity and offer certain coaclusions on the mechanism of this reaction,

Of special interest is the job of explaining the reactica mature of high esergy
mlticharge partieles , the study of which was impossible under ground comditions,
Te iavestigate mlticharge parsicles ia the composition of primary cosmic readiatioa
the ship wes equipped with F-1 and T=2 phetoemulsion bleckse F=1 and F=2 blecks
represented emmlsion piles with a volume of 0,8 liters each,
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One of the mierophotos of a typical nuclear reaction, recorded in the emmlsion,
placed on board the cosmie shipesatellile, is shown in £ig.166 .
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1‘13.166,.. .lﬂorophoté of a typieal muclear reactiom, recorded in

The presense in interplanstary space of cosmic reys and radiation bends of the
Rarth may in many instances present a real danger foRkinterplanetary space travellers,
It has been Jroven experimentally in recent years, that scmetimes originates a

temporary imsrease in cosmic rey inteasisy, connected, most likely, with the devel-
cpment of solar activiiy., I$ was estadblished, that at the moment ef cosmie ray coms
flagration its intensity rises thousands of times,

Laws goveraing the time of cosmic ray conflagratioa sannot ds established se
far, But pretection against solar flare ups of cosmic rediatiea is an adsclutely
real prodlem,

As 15 known, near the Earth exist rediation bands, representing zones of
highly intensive rediatiom, consisting of charged particles, trapped in a trap,
created by the terreatrial magnetic field,
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Investigations carried eut ea man«made satellites amd cosmic rockets, show,
that areund the Barth there are tvo szones of high intensity rediatioa, The cuter
rediation zone by the radiatior compositiem consists of electrons of wide energy
spectrum, The stream of electrons in every directioa comstisutes 108 - 10“ parte
icles per 1 em?/sec.

Such stream of eleotrons is capable of creating a surfece dosage of about 106
resntgens per hour, But the electrons of the cuter radiation zone are easily absorb-
od, and already under the protection of 1 g of lighs substansce per 1 om? of surface
the radisation dosage in that zone will constitute only tenths ef roentgens per hr,

Experiments, carried cut on cosmic rockets, established, that the boumdary and
maxisum rediation intensity in the outer zome change with time, This creates addie
tiomal difficulties in considering the effect of radiation during cosmic flights,
That is why obe of the imporsant problems is posisive observatioa of the cuser zome
boundary and its rediasion activity, parsicularly in the soms of high geemagnetie
latitudes,

Farticles, imcluded in the compositien ef inner scne, preferadly rrotoms wish
energy of up te 10° ev, Observed are also elestroms, the energy ef which doss mot
exsoed 10‘ ove Radiation ia the imaner 3ome is more rigid than ia the euter. A dese
age of radistion under protection of 1 g light substanss per 1 ca? of surfase ecoe
stitutes here about 10 roentgens per hrs and decreases very slowly with iagrease
in protectiom,

Protection agninst radiation in that zole requires the use of a greater mumber
of substanses, Long lasting flights in the inner zome vithout speeial provectien
are connected with coasiderable rediatien hesard.

In this way, the instability of radiatioa band boundaries am aceidental ine

. cTeases in cesmlie radiation activity make cosuis radiation level control aad a
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detailed investigation of the lower boundaries of radiatien bands a highly importans
and actwal task,

To solve these Iroblems the cosmic ship carried a desimetering apparatus (radie-
meter). The components of the rediometer include tvo gas discharge and two scintile
latien counters, One of she gas discharge counters is plased under the additiomal
abserdent (sereem), consisting of brass and iron, The scintillasion counter with
photomultiplier and sodium iodite orystal were placed in ome bleck with the gase
discharge counters, The second scintillation counter with photomultiplier amd cesium

iodide crystal with a thickness of 2 mm were situsted on $he cutside. So that the

~eounter should not be affected by visidle light, the cesium iodide erystal was

eovered with an aluminum foil ’I/y in thiockness,

Gas discharge counters, as well as the scinti/lation sounter with sodium iode
1de corystal yield information abeut the number of partieles, which passed Shrough
them, At the sams time the scintillation counters allews o estimate total ioaise
ation, caused by the passing particles,

The obtained informatien on the number of passed through partieles and total
ionizatiea, caused by these particles in she orystals, will yield guantitative data
on the level (dosage) of cesmic radiationm,

Study of shertwave rediation is of greas secientific and practical importanee.
In this zone of the speetrum is concensrated the basie radiatien of $he solar covoma
and chromesphere - very little investigated ocuter shells ef the Sun,

This radiation eamses cersain impertant prosesses, takin place in the terres=
trisl atmosphere, especially the formmtien of iemesphere,

On beard the cosmic ship were mounted twe types of imstrumenss fer stmdying
shertwave radistion of the Sun,

In the apparatus ¢f first type the reseiver of shortwave radiation was an
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oped $ype electronic mltiplier with eleatrodes made of activatel beryllium bronze,
In fromt of the inpus of the eleetronic multiplier (electrom multiplier tube) was
- placed & disk with s selectiea of various filters for the separation of corresponding
2ones of the shordwave solar radiation spectrume With the aid of a relay-scenner
mechanism the disk made a smll angle tura oach second, shifting a nevw filter in
froat of the electron multiplier tube, The fellewing filters have been used
in the apparatuss

copper foll 0,15 mm thick to separate the zome of the spestrum from l.4 to

31
beryllium foil 0,06 mm shick to separass spectral zome shorter than 12 £ ;

alumismm foil 0,005 mm $hick S0 separatse spectral some from 8 te 20 %

polystyrens layer wish thim carbdon layer applied ok it to separate spectral
somes from 44 to 100 % ;

lithium flueride plate 0,5 mm $hiek $0 separate lines L, vith wmveleagth of
1216 £ ; '

caleium fluoride plate ¢,5 mm thiek, which eonsiderably weakens radiation
with wavelength of 1214 £ passing shrough i and allews $0 - evaluate the background
in the region of line I, and at the same time measure mere accurately the resdiasion
intensisy of that lile ;

@arss erystal plase 0,5 mm thiek, to separate radiatioms vith waveleagth
of mere than 1500 % ,

The last filter wvas desigmated minly fer the purpose of ealeulating she
ehange in angle of imeidenes of radiation en the filter and receiver, connested vwish
the rotation of the satellite in moneriensed state, n: apparatus hed six plckups
set up at various points of the cosmic ship so that t:,":tolhd visioa were not
superimpesed over each other This offered the possidility of imsreasing the pred-
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ability ef solar rsdiation fallimg o the pickups at any oriensation of the cosmic
ship in space. The sensitivity of the pickups wes limited ia the long wave zone of
she spectrum, 80 as to reduse the backgrousd from longwave solar radiatien, Sigmals
from the pickups (receivers) wens imto a radiotechniesl circuis, at the cutpus of
which was generated a voltage , rropertional $o the radiatioa intensity of the radia-
tioa falling en the phetocathode, Messuremsnts resulss were then trensmitted to Rarth
by a Selemstering system,

The ousfit included a comtrol unit vhich secured the conneetion of the correspond-
ing pickmp, mechanism of changing filters and other circuits only at the time, when
they were illuminated by the Sun, In eddition there were optieal sensing elemeats
to determine the radiation angle of incidenmes et the filters,

The apparatus of second type was designated for measuring the soft x-ray rediatioa
intensity of She corona near the tip ef the spectrum, preferadly at the time of the
flashes.Jn $his apparatus were used the most sensitive radiation receivers - phetea
counters for the given some of the spectrum, representing self-guenched Geiger soun-
Sers wvith iaput vindews of beryllium foil, serving as filser, Msasuremeats were
earries out ia $wo speetral zenes - 10 - 6 A amd 6 - 3 A, To each of these spectral
sones cerresponded six counters, which were grouped (dunched) in three blocks, each
ohe having two couaters placed under right angle relasive te each other, for the
first and $vo counter each for the second zone of the spectrum,

Vhea & phetoa penetrated into the counter amdi fell in the gas, filling up the
counter, & shert electric diseharge eriginated. The odtained eurreat pulses went imes
$0 a radio blesk, In thu radio bdleck the signal became amplified and weat into the
computing system, consisting of trigger eells. This syst:m cemputed the nmamber of
pulses, having passed during the time of expesure, A corresponding aumber in the
doudble somputation system was recorded oa an autonomeus memory deviee, whieh stored
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all recordings for a period eof 24 hours up to the moment of their transmissiea teo

Earth over the telemetering system, Exposure time was 180 ses, which warranted reg.
¢ fstratien of x-ray radiations of the Sua with sufficiens $ime resoluticn .

To protecs the input windows ef the counters agaimst x-ray radiatioa, origin—
ating during the bombardmens of $hese vindows (as well as parss of she eguipmens
surrounding same ) by fast electroas, existing in the rediation bands of the Barth,
a system of magnets and diaphragm: has been provided and placed in fronts of each
sounter, The magne $s deflecsed aside all electrons with energy not exceeding
15 « 25 thousand ev, To register the bdackground, produced by higher energy elec =
trens, on $he ocuter shell was plased an electron scintillation counser,

Data obtained with the aid of the deserided arrangsment, dasa about ehanges in
solar activities in the shortwave zone of the spectrum were esompered vwith data of

e

L. ground observations ef the . ionosphere, vizidble by chromespheric flashes anmd
other phenomeda, connected with the astivity of the Sun to reveal correlatien
betveen the processes, taking place in the ocuser she/ls of the Sun and in the
terrestrial atmesphere,

Further launghings of Ships=Satellites in the USSR
Afder suceessful flight of the second Soviet ship=satellite in confermity with
the plaa of operations conneeted with the study of eesmic space the Seviets launched
three mere commic ships lifting seme uwp iate erdit of man-made Barth satellites.

The bdasic missien of these lammchings was further develepmens of ship=satellite

construction and development of its basic systems, securing flight and deseens of

the ship, wvith the purpese of readyiang for man's cesmic flight,
The launehing of she $hird Seviet ship-satellite was exseuted on December 1,

1960, It weight mimus the last stage of carrier rosket was exmctly 4563 kg, Altitude

or erdital perigee was 187,3 km, altitude of apogee - 265 km, peried of rotatiea =
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o 88,6 mia,

To esarry eus medical=bioclegical investigatiens under eemiitions eof cesmic
flighs the cabin of the ship held experimensal animals - degs Pohelka and Mashks,
a8 well as other animals, insects and plan$s, Observation of the animmls during
flight was carried out with the aid of a radie=television set up and selemetering
system, The redio treasmitter "SIGIAL® installed ocn beard ship functicmed em &
frequensy of 19,995 ms in telegraph style,

Around 1200 hrs Moscew $ime en Decemder 2, 1960, the ship-satellite continmed
in i%s orbisal jourmsy.

By that time all she tsest$s intended by the program of testing the construcsiea
of the ship and its airberns equipmens, as well as the medical-bioclegical investiga-
tions, have deen fully completed, Additomal data have beea ehtained on strustural
and functiomal reliability ef she individual uaits and systems of the ship ia flighs,

The results of preeessing the telemetering and TW-infermatiea, obtained frem
the ship=satellite, sheved, that the dogs, justs as during the previcud flighs, have
well endured the peried of orbitiag, The basic physiological characterissics,chare
acterising the condition of the experimental animsls, duriag their many hours eof stay
under veightlessness conditioms were close to ordimary nhpl. The behavier of the
animals wa = calm, nd their mevemsnts - coerdimated,

After edtaining the necossary data & command was issued fer the descsat of the
ship-stallite back to Marsh, In viev of the faet that the desseat took place along
a nea~ealoulated trajectery, the ship-satellite ceased its existence upon eatry iae
%0 the dense layers of the atmesphere,
launshing of the feurth ship-satellite was realized om Marck 9, 1961. Its weight
was exastly 4700 kg. The ship wvas Wreught into erdis with a cerigee altitwude of
183.5 km and apogee altitude of 248,8 km, Inclimation of erbdit to the plane of
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squater was 64°56°,

The ship-satellite carried an experimeatal animal in its eabia -~ dog Chermushka
and other objects of bioclogical experimensation,

The entire beard equipment of the ship funstioned well securing the fulfillment
of the given flight program, The separation of the ship from the last stage of
carrier-rockes, cut-ia of orientasion system, connection of autemasic deviges along
the deseonding section were realised exactsly at specific $ime perieds. The Sem=
perature eontrol system maintained coastant temperature in $he cabin - vishia lim-
its of +(16 « 20)°C, Humidisy of air on the cabin was 37-40%, and pressure 760=770
= Hg, Chernushka felt normal during the eatire durasion of flight. Immediately
after reashing ordis her pulse was 120, and respiratien frequensy 50 « 60,

After completing the investigations mentioned in the rregram the ship was
brought dowa en the very same day and landed in a specific region,

On March 25, 1961 she fifsh Soviet shipe=sasellite was hoisted inte erdis,The
veight of the ship was 4695 kg minus the weight of the last stags of the earriere
recket, The ordital parameters were close to calculateds altitwde of perigee 178,1
kmy altitude of apegee 247 km, peried of rosatiom 88,42 min,

The ship=atellite carried in its eabin the deg Zvesdechka and other bioclegilsal
objects, The antire beard equipmeat of the ship fumetiomed well during the flight,
After completing the flight wrogram the ship-satellite upon commmad from the Rarth
was brought back frem erdit and landed at a desigaated poins of the USSR,

During she launching ef ships=satellites on March 9 amd 25, 1961, she pilets
seats were scoupied by manikins, The flights were earried eus in accordanse with
the very same progrea, vhioh wa: earmarked for the firss flight of a ship with a
cesmonaut on beard, Beth flights, vhich follewed strictly ascording $o progrem,
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gave proof of the high reliability of the ship and alloved %o undersake steps seward
the realisation of man's first flight on the ship-satellise °VOSTOK®,
Chapter VII., Man's First Flight into Cosmic Space

On April 12, 1961, the USSR, for the firt time in the histery, realize the flighs
of man iato commic spase, The cosmic ship "VOITOK® with Soviet piletecosmomaut Yu.4,
Gagaria en beard was shos up inso erbis of an Earth sasellise, Veight of ship-sasel-
1lite less the last stage of carrier-recket was 4725 kg, Altitude of erbisal perigee
was, agoording so definite data, obtained on the basis eof pne»‘us all the measuy-
ements, 181 km, altitude of apegee - 327 lm, erdisal insclimation ~ 64° 57°,

The rocket Sock off from the BAYKOMUR cosmedrems, situated in the region ef 47°
norshera latitude and 65° eastern loagitude, The carrier-reckes had six power plants
with total ouspus of 20 million hpe

Having completed its orbisal flighs, she ship-satellite landed safely ia the
regiek of the village Smelovka in the Termevsk region of Sarasov provinee,

The first comic flight of a Sovier citizea opened an era for man's direcs
penetration into cosmic spase, and - it appears to be a great achievementin the
histery of oivilisation, Realization of this flighs is the result of a greater planned
program of operations on the conquering of cosmic space, being comducted in the USSR,

Arrangement of cesmic ship VOSTOK

The cosmic ship VOSTOK has been construeted om the bdasis of experiense, derived
during the laumshings of first Sovies shipe-satellistes,

The shipesatellite consists of two basie parts:

pilet esdin, ia which the cosmeasut was situated, equipmeat to provide liviag
eonditiens and landing syste ; instrument seesion, intended for the installation of
instrumnts, functioaing during ordisal flight, and braking pewer plans ef ship,

After reaching erbdit the ship=satellite breaks away from the last stage of
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sarrier-reckes, During the flight the equipmens on board the shipfunstions in accord-
angs vith a speeifie yrogram, sesuring the measuremens of orbisal parameters, trans-
mission to Earth of telemetering information and TVe-images of the cosmonsu$, twoe

vy redio coomunication with Earth, maistaining given temperature on board ship,
epnditioning of eir ir piles cabin, The perfarmance of the equirment was automatic
ally coatrolled , vith the aid of program deviees oa boerd the ship amd if necessary
by the pilot-eommcnaut,

The prograx of man's first flight called for one round trip arousd the Barth,
But the conatructicn and equipmens of the ship-satellise allew to ocerry cus mmch
longer flights,

After completing the flight rogram, Iricr to landing, & special system vas
exployed for orienting the ship in a speeifie directioa, Then at a given point in
the orbit the braking power plant of the ship is eut im, thus decelerating the ship
to a value set by caleculation, As result of this the ship begins the downwerd trip
along a desod mling tre jectery (fig.167).

The cabim with cosmodaut is slowed down in the atmosphere. The
descending trajectory is selected so, that the overlosds during the eatry of the
apparatus iato the dense layers of the atmespbere have not exceeded the overleads,
permissidble for humans, After the ships capsule drops to a given altitude the landing
system is bdrought into operation., Direct landing of the pilot eapsule tales plasce
at & low rate of speed, From the moment of eutting-ia the braking power plan$ to
landing the ship covers about 8000 km, The duration of flight along the deseending
section is approximetely 30 min,

The ocuter surface of pilot's capsule is coated vith a thermel protection layer,
vhich protects it against buraing up during its movemen$ along the descending
section in the dense layers of the atmesphere,The capsule is (rovided with tiree
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illuminators and two rapidly opening hatcheg. The illuminators are equipped
with heat resistant glass and make it possible for the cosmonaut to conduct

observations during the entire durafion of the flight,

dr of Y

Asgrbiting section; Be connection of braking power plant; Cedescent sezd,

The cosmongut occupies an ejection seat in the ship-satellise, and this seat
appears to be his working place in flight, and if necessary it also serves for
abandoning ship by the cosmomau$, The seat is arranged in such a way that the over
loads during orbising and descending affect the cosmodeu$ in mest faverable directiom
(chest=spine),

During the first flight the pilotecosmonsut wore a protective suis, securing
the preservation of his life and activities, even in the ease the eabin becemes
depressurized auring flighs,

The ship-satellite ecarried also:
apperatus and equipmeas necessary for the viability of the humen organism (air
conditioning system, pressure control system, food and water, a syitem fer removing
diseharge preducts );
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flight comtrol apparatus and system for mamal control ef ship (pilot's ine
strument panel, instrumens panel, manmal contrel bleek etec.);

landing systems;

radio apparatus for Earih-cosmonsut conmnicatioa;

system for autonomous registratioa of data on the functioning of instruments,
radio telemetering systems and various sensing elements;

TVesystem to observe the cosmomaut from the Iarsh;

apparatus recording the functions (physiological) ef man;

braking power plant ef ship;

erientation system apparatus;

flight control apparatusg

radio systems for meesuring orbital paremeters;

teuperature control system;

electric power sources.

On the cuter surface of the ship were installed control organs, elemsats of
orientation system, louvers of temperature control system and readioc antenmas,

The pilot's cabin on board the ship-satellite is more spacious than the cockpi$
on an aircraft, The cutfitting of the cabin is made with consideration of the opere
ational ecuveniease of the cosmomsut in flight (£ig.168), Sitwated in his chair,
$the cosmonaut ocan execute all the necessary operations connected with observatioa,
communication wvith Earth, contrelling flight and in the case of Decessity -« %0
control the ship,

In the bedy of pilot seat are built ins separable back wvith belting (sying)
system for fixing the dedy of the pilet during e ject em and desecent by parachute;

parachnte system; ejection and pyrotechaiocal devices;

emergency (carried alomg) sypply of food, water amd equipmens, and redic means
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for csommnieation and direction finding, which the cosmomaut can use when landing;

air comditioning system for pwrotective suit and parachute type oxygen uni¢;
sutomtic mechaniams of the seat,

¥ 68 r

"le pilot's panel; 2einstrument panek with globe; 3-TVecamsra; L-illuminator with
optical orientiag point; S= handle for eontrolling she crientatiea of ship;
6eradio receiver; 7= contaimers with food,

landing ef cosmonaus may $eke place ia the capsule of the ship, Such a landing
method was tested on the fourth and f£ifsh Soviet shipsesatellites, the cabins of
which housed experimeatal animals, Provided is also a landing variant by ejection
of seat wvith cosmonaut from the eabia at an al$itwde of about 7 km and subsequeat
parachute descent, This variant was als: ehocked during the laumchings ef ship-
satellites,

The air-conditioning system, installed on the ship-satellite, mainteins in the

pilot's eabin a.nermal pressure, Rermal axygen concentration at a earbom dioxide
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conecentration of not more than 1%, temperature at a level of 15-22°C and
relative humidity within limits of 30-70%. Regeneration of air composition = absoxpe
tioa of carbon dioxide and water wvapers with generasion of corresponding amount ef
oxygen - is realised by employing highly active chemieal compounds . The regenerae
tion [rosess is ecatrolled autematically, Upon a reduction in the amount of exygea
and inereass in crbom diexide seneentratioa a special sensing clement emits a sig-
nal, upon which an auxiliary apparatus changes the working ordér of the regeasrator,
At an exccessive generation of oxygen the auxiliary macharism is brought autematical
ly into sction, thus btringing about a reduction in cxygen delivery into the ate
mosphere of the cabin, Humidity of air is coutrolled ia the same mmnner,

In case the air becomss eontaminsted with harmful admixtures (impurisies),
forming as result of live acticity of the humsn organism and operation of the equip=
men$, special filters for the purification of same are provided,

Maintaining the given texperatufe in the ship during flight is realized by a
tenperature control sysdem, I$ distiaguishing feature is the use of a liquid eocol-
axt for the transfer of heat from the pilos's cabdim, the temperature of ths coolantd
is held at eonstant, The cooling agens goes from the temperature coatrol system
iato a liguid-air rediater, Delivery of air through the radiator is automstically
contredled depending upon the temperature of the sapping apparatus, In this way
the given temperature comdition in the cabim is mintained with greater ascuracy.

To maintain stable temperature of the ¢oclant and provide required semperature
in the instrumeat sestiem, on its cuter surface is placed a radiatien heats
exshanger with louver system, the coasrol of which is also autcumtic,

Prior o descending into a given region, the shipesatellite before connecting
the Wakiang pover plamt, must asquire perfectly definite orientation in spese, This
problem is solved by the oriensation system, Ia the given flight orientation is
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realised by oriexmting ome she ship's axis in direction of the Sun, The sensitive
slements of that system are s number of opsical and gyroscepic sensing elementds.
The signals entering these elements are comverted in an electron blecKk imte come
mands regulating a system of contrel ocrgans. The orientation system provides suto~
matic seanning of she Sun, proper tura of the ship and keeping same in required
position with greater acouracy.

After the ship is erisnted, at a specific moment of time is eut-ia the decels
erating pewer plant, Cenmands for eonnecting the orientation system, decelerating
power plans and other systems are emitted by an electron programming deviee,

To measure ordbital paramaters of ship-satellise and control the operation ef
its airderne equipment it is provided vith a relio measuring and redietelemetering
apperatus, Measuring the movement parameters of lhi*ﬂ reception of telemstriec
information during its flight is dome by groumd -t.ﬁ.m. situated over the tere
ritery of the USSR ., Measuremsas date are autematically sransmitted over esemmmmication
lines to0 computation eenters , wvhere they are Irocessed oa electreaic compusers.
As result during the flight are obteined rough data on $he basic peramster of the
orbit and further movemsas of ke ship 1o predicted,

The ship also carries the radio system SIGNAL, funstioming om a frequeney ef
19.995 mo. This system serves for finding the directien ¢f she ship and traasmissioa
of segments of telemstering information,

The TV system trenamits $o Earsh pictures of the cosmomau$, vhich allews e
keep visual eontrel over his eondition, One of the IV camsres transmits freatal
images of the pile$, and the other ome »~ profile,

Tvo w commnicati en between cesmonsut and Esrsh is furnished by a redioc-
Selephone system operating in the shertwave frequemsy range (9,019 and 20,006 ms)
and ultrashers vaves (143,625 ms),
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The ultrashortwave channel is used for commniestion with grousd points at
distanees of up to 15002000 km, Communication over shertwave channel with groumd
yoints, sitwated over the territory of she USSR, as shewn by experience, can d
secured ower a larger part of the erbis,

The radio telephone system contains a magnetophone , allowing to recerd the
conversation of the commonaut in flight with subsequent repoduction and transmission
of same during the flight of the ship over ground receiving poinss, Provisioms are
also made for radio telegraph transmission by the cosmonaust,

The instrument panel and pilo$'s desk installed in the eabin are intended for
coatrolling the operation of basic ship systems and to secure, in case eof mecessity,
desceat of ship by using manual controle On the instrument panel is situated a num~
ber of dial instruments and sigmel arrangement, electric clock, as well as glebe ,
the rotation ef which is syachronized with the erdital movemens of the ship, The
globe gives the cesmomaut the possibility to determine the current position of ship .
On the pilot's desk are situated handles amd cn-off switches, fer eontrolling the
operation of the redio telephome system, controlling the semperature in shs eabia,
and for connectimg manual eentrol and decelerating power plant,

Special atteatioa in the constructicn of the cosmic ship was devesed +¢-

anteeing flight safety.The launchings of first Seviet ships-satellites confirmed
the high reliability of the performange of their equipment and devices . But on the
YOSTOK ship addisional steps were takea $0 eliminate she possibility on any accie
dents and $o guarantee flight safety on it for man, Such a development Sendemey
fully meets the basic prodlem - of creating devices allowing man t0 pentelrate cone
fidently into cosmic spaee,

To orient the ship ia case of mapual control the cosmodsu$ wses an optieal

orienting peins, allowiag to deteraine the position of the ship relative to the Earth,

-~
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The optical orienting deviee was mounted on one of pilet cabin illuminasors, It
consists of two annular mirrer-reflectors, light filter and glass with screea,

The rays eoming from the lime of the horison, fall on the first reflector aend then
through the illuminator glass pass on to the second reflector which directs them
through the glass vwith screem iato the eye of the ceamsmaus, When the ship 4is proe
perly oriented with respect to the vertiecal the cosmensut sees ia the field of viron
an image of the herizom in form of a cirecle,

Through the central part of the illumimater the cosmonmaut watches the sectioa
of serrestrial surface directly under him, The pesitiom of the ship's longitudimal
axis relative to the direction of flight is determined by observing sthe "sourse® of
the Serrestrial surface in the field of vision of the orienter,

Operating the control organs, the cosmonaut may turan the ship in such a way, shat
the line of the herizon would be visible in the orienting device in form of a sone
centrical ring, and the heading of the terrestrial surface would coinside with she
heading line of the grid. This will indicate proper erientation of the ship, When
aecessary the field of vision of the orienter can be covered with light filser o
blimd,

The glode mounted on the instrument pamel offers the possibilisy to determine
ia additien to the current position of the . ship also $o predetermine the point
of iss deseeas during comnection of the decelerating power plant at the givea moment
of time, .

Fimlly, the comstruction of the ship allows $0 deseent to Earth even in the
case the decelerating power plaat fails, This is dome by eigen (natural) deceleratiea
of same in the atmesplhere,

Swpplies of food and water, regensration substences amd the vplume of eleetris
power seuroes are intended for a flight peried of 10 days,
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When constructing the ship steps were $akea to prevent a temperature rise in the
eabia $0 abeve specified limit vhen its surface is exposed to lomzsr heating periods,
vhich takes place at the time of gredually deeelerating she ship in the atwosphere,

Medicalebiological preblems of mn's flight imto cemmic spase
To solve the problem conceraing the possibility of man flying in cosmic spase and
medieal protection of m.::”urcd $0 be absolutely monc,*on

le %0 investigate the effect of cosmie flight factors em the organism, and $o
investigate the possible forms and method of presecting agaimst the unfaverable efe

fects of these factors.
2+ $0 dovelop mest effective methods of securing normal living conditiocas fer
the persom in the cabin of the cosmic ship,

3¢ to develop methods for medical selection and training ef cesmic ship crew
meubers, and to develop a system ef constant medical control over the state of health
and life activities of comnomauts during all stages of sthe flight,

individual

Each one of the enumerated problems imcluded a greater number of preblems
over the study and solution ef vhieh specialisss in the field of physiology, hygiems,
psychology , biology, climical and professiomal medicime worked persistently fer the
past ten years, Investigalioas have been sonducsed under ground laberatery comdie
tions and during flights of animals on rocketss, Great experienes, ascumilated in
applied fields of physiology and medicine, especially in aviation medicine amd in
medical protection in underwater swimming (frogmsa), has beea utiliszed, Vherever
possidble, speeial greund stands have beea constructed, vhich allewed umder laboratory
conditions which alloved to investigate the effest on the organimm of fachers, aoting
ia commic flight, The effect of overleads and organismal endurange to same vas imvest
igated on seatrifugal machines - ceatrifuges,They reprodused acceleratiens ,analogous

to the omes vhich wrigimate during the ssertiag of ships or during their retwra to
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Earth,

Using vilro stands, temperature, vacuum chambers and other such imstallatioas

. was investigated She offect of ether facters on the organism , However laberatory

experimenss, as a rule, could offer an answer oaly with respect to the effect on the

b3
b
:
i

organisa of any one of the fascters, vhile in real flighs they affect the rocket in
eombination and simultanecusly. Furthermere, under labecondisions it was not possible
to investigate the behavier ef living organisms under weightlessness conditions,
Consequently a substansial step ferward toward studying the effect of cosmie flight
conditiens on the organism wes the chance of comduetiag bielogical investigations
on roskets, vhich began in 1951,

Several tens of experiments have beemn made during the flight of animals on ro=

ckets to altitudes of up to 450 kme As resuls of these iavestigations was obtained

oy,

5 huge scientific material, characterising reactions of physioclogical systems and $he
bebavior of animls (dogs, rabbiss, rats and mice) along various flight sectioms,
Thorough examination of experimental animals during flight and for a longer peried
of time after their return to Earth enabled to draw a conclusiom, that condisions
of flying on rockess into the upper layer of the atmesphere are endured by living
organisms with perfect and fullest satisfaction, Changes, noticed in imdividual
physiological fumstions during the time of flight were of no paiaful nmature,eften
shey disappeared already in the prosess of experimsnsasioa leaving no aftereffects.

However, in view of the shortaess of rocket flighs, it was impossidble $o in-
vestigate the biological effect of sueh imyortant cosmic flight facters as, long
lasting wveightlesaness sad cosmic radiation, Therefore, the pessibility effered ia
1957 to use man-made BEarth satellites for bdiologioal investigations, appears to be
an imporsant step forward,

The first such experimeas was carried ocut on the second Soviet man-made Earti
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satellite, It not enly confirmed but Wrosdemed the data of previous dilogical expere
iments on rockets, It was possible to prove for the first time that a lenger lassing
sthate of veightlessneas in itself does net dlsrups the basic vital prosesses,

Biolegical experimenss were continumed omn the first Sevies ship=satellites, In
the progrem of these medical=biologiecal nnatipuuh a number of mew problems was
ingluded, It appeared te bde importans, besides additiemsl and more thereugh inves-
tigation of the effect en the organism of loag lasting weightlessness, transiens cone
ditions from weightlessmess to overloads and vice versa, to condust more thorough
investigations on the biologieal effeet of cosmic radiatiom, An important chapter in
the progrem vas also the study of operatiomal characteristics and effectivenesses
of systems, which in future flight were %0 sscure normal living conditioms for hwmaas
and guarantee their safe return $o Earth, Te btring this program into realization the
first Seviet ship-satellites carried variocus representatives of organic world,
bogivning with simple forms of live $o0 higher versedrates,

The use in experiments of wvarious kisds of animals and plants allowed for a
full and detailed investigation of the effect of coamic flight conditioms on she
most variegated prosesses and functions of organisme, Very troad is the infermation
oa the behavior and state of physiological functioms of experimental dogs during the
time of flight. The bebavier of animals wvas observed with the aid of special Ve
systems, Analysis of ebtained data shewed, that animals not only preserve its vie-
dilisy under comditioms of long weightlessness and subsequent effect of overloads,
but no i1l effects are revealed in the state of their basic physiologieal fumctioas,
Therough examination of animals after flight alsc revealed no deviations from nermal,

Very sesriocus attention was devoted to the detection of possidle effests of
sosmic radiasioa in flight on the ship-satellise, Numerous methods used in solving
this predlem revealed no changes, which could be attribused Se ieniszing rediasion,
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Results ef msdico-biological investigations on cosmic ships-satellites allowved
$o make a highly important and responsible conclusion, It was admitted, that flights
oh ships-satellites in an orbdis, situated imowingly below the near Earth rediation
belts, appear to be safe for highly organized representatives of the animsl world,
Results of biological experiments were used for solving the problem concerning
mn's flight endurance conditioms,

On these bases, as well as on the basesz of laboratory test results, was drewn
a conclusiom with Respect to man®s flying without ill effects to his health.

of cosmonauts!

The first coammic flight could be carried out oaly by a personh, vho, realizing
the encrmeus responsidbilisy of the underteking confronting him, would willingly and
freely volunteer to devote all his knowledge and efferts, and possibly also his life,
in the realiza™sion of this outstanding task. Thousands of Soviet citizens « pa -
triots of their country, of various ages and yrofessions, have expressed their
willingness of flying into cosmic space. The Soviet scientists were confronted with
the problem of scientifically choosing the first cosmonsuts from among the large
mmber of desiring persons,

In carrying out a eosmic fligh$ the person is expoted to a whole complex of
outer medium facters ( acceleration, weightlessmess etc,), $0 considerable nervous
emotional straims, requiring of the persom mobilization of all its moral and physe
ical forces. The cosmonsut mist be able to meimtein a high degree of operational
acsivity, be must have & knowledge of crienting himself in a difficult flight
eonditien and when necessary take over control of the cosmic ship. All this set
high requirements concerning the state of health of the cosmonsus, his psychie quale
ities, level of his general and technical training,

These qualities are most fully eombined in the professiocn of a piles,
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The activity of a pilot determines already the stadbility of the nervouseemotional
sphere of the persom, its good volitional qualities, and this is of specisl importance
for first commic flights, Next the category of persons, partieipating in such flights,
should be unconditionally and can bs broadened eonsiderabdly,

Vhen setting up a group of esocsmonauts interviews were held with a greater nume
ber of fliers exypressing the desire to carry cut the cosmic flight, The best ones
pPrepared of these underwent thorough elinicd and psyehological examinations, The
purpose of such an examimation wass to determine the condition of healsh, $o revesal
hiddea deficiencies or reduced organismal stability to individual factors, charace
teristic of the fertheoxing flight, to evaluate the reaction of the persoa during
the effect of these factors,

Exaninations were made with the use of numerous modera diochemicsal, physiological
electrophysiological and psychological methods and special functional tests, allowing
to estimate the reserve possibilities of basic physiological systems of the crganism
(imvestigation in the barcmetric chamber at considerable degrees of air rarefaction,
at baromstric pressure drops and breathing exygen at higher pressure, investigatioa
en the centrifuge etc,).

AR important phase was psychological examimation, wvhich was direcsed for the
exposure eof pPersoas, hnv:l.-nc finest memory, alertaess, active easily changing atten~
tiea, capadble of rapidly developing accurase coordination movemenss.

As resuls of the clinical-physiological examinatiens wvas formed a group, which
began cerrying ocut the program of special training, training en special stands and
treiners, imitating under ground and flight conditions the factors of cosmde flighs.
Simultanecusly were determined the individusl reactio characterissica of the crganism
0 the eoffect of imitated facters,

The special training program was intended so that the cosmomauts wacld acquire
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necessary Cata on basic theoretical problems connected with problems of the forth
coming flight, as well as practical habiss in the use of the equipment and devices
in the cabin of the cosmic ship, This program called for studying the bases of
rocket and occamic technology, comstruction of cosmic ship, special astromomical
problems, prodlems of geophysics, foundatioms of cosmic medicine,

The program of special training and sesting includeds

0".
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Z18:1692YusAoGasarin before £1ighS
£1ights on aircraft under weightlessness conditiomns; training in a model cabia ef

& cosmic ship and on a special trainer; longer ssay in a specially equipped sound
oof chamber; training om a centrifuge; parachmte jums from aircraft

During the exseution of special training tasks were also solved cersain prob-—
lems of securing the condition for man's sosmic fligh$, parsicularly such predlems
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connected with feeding the cesmomaut in flight, his clothing, with air regeneration
system,

During flights on aircraft were investigated the individual reactions of cosme —
nauts during the effects of weightlessness and transition from weightlessness to
overloads, Investigated was the possibility of earryingon radio commnicatiom, recei-—
ving wvater and food and s0 om, This made it possible to reply to numerous imporstant
questions on the possible actions of mam under cosmic flight conditions,

It was established, that all selected cosmonauts fare well in the state of
weightlessness, Furthermore, it was estadblished, that under weightlessness conditions
lasting 40 . seconds, it is possible to receive liquid, semi-liquid amd solid food,
execution of smll coordinated acss ( writing, purposefull movemenss of hand),
sarrying on radio communication, reading and visual oriensation in space as well),

Training in e make believe cosmic ship sabin and on special trainer were carried
out for the purpose ¢f studying the equipment and evices of the cabin, develormens
of variants of flight missioa, adaptation to being in a real cabin of a commic ship,.
For this wvas created a special stand-trainer which with the aid ef electrom-modulating
devices allowed to reproduce on the imstruments the real changss, corresponding so
sueh in flight, The actions of the pilos also corresponded to real omes, Provisions
were made for imitating ubusual (emergensy) flight weriants and to train the cosmoe
naut at similer situatioms.

The main problem of investigetions during longer stay in a specially equipped
sound proof chamber was to detervine the nervousepsychioc stabdbility of the cosmonaus
during his loager stay in isolated space of limited volume, all by himself, at a
considerable reductsion of outer stimuli, Conditions of day and feeding cmdiﬁon

have besn reprodused, clese to the omes, wvhich will take place ia real flighs,
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A larger scops of physiological investigatioms, and special psyshe=physiologi~

oal metheds snadbled $o reveal persoas with higher precision gqualities, accuracy ia
executing missions,

Jig.170, On $he starsing plasfexm befere the flight of ship VOSIUK inte ecs-
mose

When traiming on the ceatrifuges, in thermal chambers, was determined the
individual endurasee of sthe cosmomsu$ to corresponding effects, their effect ea

the process of fasic physiolegieal fumctions was investigated, problems of increasing
the resistanoce of the organism to factors created by cater medium have beea solved,

It was established on the bDasis of resulss, that cesmomauts have exselleat stability
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against the effects of above rentioned factors, persons were revealed, vhich with
stood the tests better than others,
In the parachute training prosess each cosmonsut executed several tens of jumps,
Physical training of the cosmonaut group consisted of planned occupations
and early merning exercises. Flanned occupatioms were carried out with consideratiea
of individual characteristics of phaysical developmsnt of each cosmem use
Early merning exercises were conducted daily for one hour and its purpose was geaardl
Physical training, Physicocultural exercise were intended for the purpose ef raising
the staming eof the crganimm to the effects of accelerations, development and improve

ment of habtdts of freely mastering the body in space, raising the adility of enduring
long lasting physical stresses,

Physical training was executed under constant surveillance of a docter (MD) who
Selected especially fitting gym exercises, gemes, jumping into the water, swimmiag
and physical exercises on special installations,

After eompleting the speeial training program was organized direct training
for sthe fertheoming cosmic flight, This treining included 3

stuldy of flight missioms, study ef maps of landing regiom, piloting instructioms,
ecarrying on Radio eommnication ete j

studying emergency supply, utilization of same at point after landing, study
of directien finding system etoj

centrifuge testing ia prostective olothing at maximm values of anticipated
overloads;

long lasting testing in a make believe cosmic ship using all She systems prov-
ising the condisions fer active life,

AS resuls of the scientific-training operations was solected a group ef cosmo=
ssuts, ready for flight into cosxic space,
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To bning man's first commic flight into realizatiom from she group of cosmonauds
was selected pilot major Yuriy Alekseyevich Gagarin,

The remarkabls Seviet citizen Yu.A.Gagarin, wvas born on Mareh 9, 1934 in the
hosehold of a collective farmworker  His long dream was to become a flier, Having
finished in 1957 the Orenburg Aviation Seheol, he graduated as military fighter pi-
los specialist, YuesA.Gagarin served in one of the Armed Ferces Compomenss ef the USSR
Upon his insisten appeal he was included ia the group of cosmomaut candidases and
successfully passed the selection, When the cosmensut gromp was in traiaing Yu.A,
Gagarin vas one of the bess,

The great confidence in being the first in the world pilotecosmomaut was fully
Justified by the capabilities of Yuriy Alekseyevich Gagaria,

First Cesmic Flight

The blast off of the cosmic ship VOSTOK ook place em April 12, 1961 at 9 hrs
7 min, Mescow time,

During the entire time of erbiting pilot-cosmonaut Yu.A.Gagerin mainteined cea-
tiheus readio telephons commmnieasion with the “:‘“flidu vestoring ceanter, He
trensmitted precise data on the changes ia overloads at the moments the stages
separated themselves from the carrier roocke$, The noise in the oadin of she ship
was not greater than im a cockpit of a jet aircrafs, Already at the time of orbitiag
Yu.A.Gagaria observed the Earth in the illuminaters .

Operation of beard equipment during flight in crdis, oriensation and desceat
of ship were eontrolled automatically. However, in ease of necessity, the cosmesaut
upod his own desire or upon coomand from Earth could take ship eomtrol inte his ewh)
hands, determine its position and descent into selested regiom,

VWeightlessaess came immedistely after the ship came iato erdis, At first this
condition felt like something umasual for the cosmonaus, but soon he became used
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to it and 4id not mimd it,

In conformisy with the mission and flight progrem he watched the operation of
ships equipmens, he was in constant selephons and $elegraph radio commnication with
the Rarth, 4id his observations ia the illumimaters and in the optical orienser,
reported to Barsh and dotted down observation data inte the leg dook oa beard the
ship and on a magnetic tape, took food and water,

The pressure ia the eabin of the ship during flight was mainsained at 750«770
ma Hg, air temperature at 19-22°C, relative humidity 62-71%,

The surface of the Earth was well surveyd from an altitude of up to 300 im.
Very well visible were the shore lines, larger rivers, contour of the Xarth's sure
fase, forests, clouds and shadows from the clouds, When flying over the territory
of our country Yu.A.Gagarin observes the larger streteches of collective farms,

The sky = absolutely black, The stars on it looked mmch brighter and were more
clearly visible, than from the Zarth, The Earth has a very beautiful bluish hslo.
Colors on the herizon change from soft blue, through blus, gray, violet - $to blaek
eolar of she sky. When coming out from the shadow at the herizon of the Earth one
could observe a bright orange colow, which then changed into all the colors eof a
raindbov,

At 9 krs, 51 min, the automatic eriensation syssem of the shiDp was cut im,
After coming out from the shadew scarning fumstion was carried out and the shipy was
eriented Soward the Sun,

AS 9 hrs, 52 min cosmonaut Yu.A.Gagagria flew over the Aegien of Cape Hera,
reported adout his goed state of health and normml fumesioaing of she equipment em
beard the ship,

At 10 hrs, 15 nia frem the sutomstic pregramming installation weat cut sommmads
for readying the deard equipmens for cenmeotion of the deeelerating power plans,
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At that moment the ship approached Afriea and frem Yu.A.Gagarin arrived a message
about the process of the flighs,

At 10 hrs, 25 min, the decelerating power plant was connected and the ship ehanged
into erbit ef an Earth satellite following a descending trajectory.

At 10 hrs, 35 mia the ship began entering the dense layers of the atmesphere.

Having completed the first in shr wordd cosmic f1lighs with a eosmonaut oa board,
She ship=satellite VOSINK landed at a given region at 10 hrs, 55 mim.Moscew time,

{ Figel7!y Ty.A.Gagarin reports ever the telephems to ccusrade
No8,Khrushchev abeut his safe lamding,
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The well being of Yu.A,Gagarin during all the stages of flight wa: satisfactory
He maintained eomplete mpmxnttamantitiys freedem of operatiems

Highly interesting are the data, charaeterizing the change in the comdision of
the cardioevascular and respiratery systems of the cesmsnaus. Daring the rre-blast
off peried Yu,A.Jegurin's pulse frequency was 66 beass per minute, and the respirasiea
frequensy « 24, At the erdising sectien the pulse fregquensy rose to 140«158, amd
respivation frequensy wvas 20«26, When weightlessness came the cardio-vascular aand
respiratery system imdices gradmally eame dewn %0 the initial values, AS the tenth
minute of . . weightlessness pulse frequeacy vas 97, respirasioa « 22,

Duriag the deseents under the effeet of overloads short periods of respiratory
insreases have bdeen netised. However whea appromching Earsh respiration became calm
with a frequensy of abous 16 per min, Three hours after the landing the pulse free
quency was 68, respiration - 20 per mim, which corresponds with she nermal econditiea
of Yu.d.dagerin,

After returning from cosmic tlm*i.t.wu feels fine , There are no dise
orders in the state ¢f his health,

The first in the histery of humnity flight inte cosmic spase, earried out Wy
Soviet cesmonaut Yu,A,Gagaria on beard the ship=satellite VOSIOK, allewed $0 make
a conclusion of eacrmous sciensific importanse abomt the prastsical possidility of
man's flight into cosnes, He has shewn, that a person ean aermlly endure condi-
tions ef commie flight, comditiens of erbditiang amd return %0 the surface of the
Barth, This flight has woven that under conditiens of weightlsssness a persca can
fully retain freedom of operation, motional coordination, clearness of thought,

The flight furnished extremely valuabdle data ot the performanse of the const»
ruction and oquiment of the cesmic ship in flight, Jull eenfirmation has beea
furaished of the scientific and technical solusioas, oa which that comstrustioa
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was based, Approval was given to the reliability ef the carriererockes and strustural
perfectien of the shipesatellite,
Comsinsjon

The creation of man-made satellites, launchings of cosmie rockess toward the
Mocn and Vemms, flights of firat cosmic ships with return $o Barth, recli/czatiom of
the first in the histery of cesmic flight man's flight have heralded the advens of
QR ora when interplanetary space will be mastered,

Only three years have passed from the time when the first man-mede celestial
bedy wvas made - the first Seviet man-made Earth satellite came into being, During
shis relasively shert period of tims we have vitnessed a whole series of grandiose
scientific and techaical achievemenss, which only reeently appeared o de a far off
dream,

In cur time sciense and technology are making nmun)t greater and greater
strides, The technology of cosmic flights is doveloping extremsly intensively,

The flight of Soviet cosmie ship VOSTOK carrying on beard the first cosmsaaut
mjor Gagaring Yu.A, appears $o be an unprecedented victory of men over the foreces
of nature, a decisive step in man's pemetration into the cosmes,

Cosmic devices of variocus types will find broader amd broeder applicatiom
in solving variocus scientific anmd practical prebdlems,

The time has oeme for practical realizatioa of the hitherse fantastis prejects
= the time for the creation of extresterrestrial scieatifis stations, cosmie jouraeys
of man %0 the Joom, Mars, Vemus and other planets of She solar system, and then even
bayeod their limiss.

Solution of these grendiese predblems requires easrmous collective creatiomal
forees, further developmeat of many fields of theoretic and experimental seienee,
MRy branches of technelogye
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The Soviet Union has firmly taken the lead in the realizasion of cosmie flights,
Rapid development of science and technoliogy in our country and the creative
enthusiasm of ocur peeple, guided by the Comminists Party, are ¢ reliable guarantee,

that in the field of man conguering the co—n*tauy and leading positien hence~
forth belomg te the USSR,

Acpeiices
Appesdix 1,
Basic dependencies of motion in the deatral field of gravitatiem,
Integration of equations of metien of the material poins in central field ef greve
isation

Beuations of motion have the form of (see chapter 1):

1 . K 1 K
g+ — T =7V~ - q)

r'é = Vor, cos 0. 2)

Ascording to the second equation

6- V!:!’coco,' ) @)
iut-i) ean be presented in form of
do dr 9 . (u) y
'-7‘— —-—’ . 2-;- z;-r A
and consequently - g va:.o.o, . @

Having substitused (3) and (4) in eguation (1), we will obsaias

(d,).v:r:wo.g:':c:"-_zg-';-’?f. (1”"’*)

de [
henge / VirScot®, 22X (L‘M
Vg, cos® O 2K "e'e (L,
dr —J.' [ . '(. w.-— ——" -"T + r "’ .

de’
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_d(_i'___’
~-

o ' 3K_Virgeosd 0+c)

4l [

For the comveniense of inSegratien we will introdues & eonstant value Vorocess
under the siga of the differensial ia the numerater, and ve will also add amd come
pute the value e Yo 00s o in the radieant,

As Tesult we will obsains _ ‘(Zﬂ_g_g._ LS )

Zecos & K ).'(5)

i,r.cos iin

Integration of this fmh 1.«- to equation of the orbdis:

v’.“.. K
r T.moo s .
@—y = 270008 (6
i +V'r'cos 0,

vhoroq - integration constant - depends upoa she lnm of ea:lcuhtu‘ nvuny.
[ ]

Bquation of orbit (6) can be presented in form of 1

Veraoos* 8,
e 1 e n @
i+( . 'y/ V:—K'l:vm-)wl(v’—%)
or intreducing desigmtions
Verseos &,
Lk ®)
Vremo, /- "I RV
= Oy l/'! t e, ()
in form of 3

Determining Peried of Rotatiom over Elliptical Ordis
The secterial velocity of the material poins, moving over an elliptical ordis
in the central field of gravitasiom, is constant am oquu'%' Vo Tocesn) (see chap-
ter 1), and the area enscapassed by the elliptical ordis (area of the ollipse), is

’( ad, vhere a and b - larger and smller semiaxis of the ellipse respectively,
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Consequensly,the peried of rotation (round trip) (time of full rotation of the
point in erbis) will be eguals

T Vs ®, - 1
Tor the ellipse we have
bmaYT=0 - (//d)
and . )
=T—d (1s)
henoe »
j—f=. Clle)

and consequently

b_.‘/'_—l.:. (2)

Having substituted in (11) the value b from (12) and p from (8) we will obtain
sfter elementary transforms a formla , determining the peried of rotatioms

r-u‘/f;_ (18
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